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Executive Summary

Our Background

Network Rail Consuiting is the international division of Network Rail Infrastructure Limited, the owner,
operator and maintainer of the rail network in Great Britain. Network Rail has been independently
rated in the top 10% of asset intensive industries for Asset Management maturity and top in rail.

Our team for this assessment was drawn from the UK based staff to bring together experience of
maintenance and asset management of infrastructure, rail vehicles, facilities and structures. We
used our Heart of Asset Management maturity assessment that has been developed from our
internal experience and refined following assignments in the US and Australia. Our team has
undertaken maintenance reviews for clients in Australia and Saudi Arabia.

Cur Approach

We delivered this assessment by undertaking a review of key documents, including the Project
Agreement, Asset Management Plans, Maintenance and Rehabilitation Plans, APPM reports to
understand the structure and context of the maintenance activity. We then spend one week at the
Belfast Maintenance and Storage Facility conducting interviews and discussions with members of
the RTM and Alstom teams.

Cur Findings

We have split our findings into sections reflecting that different asset classes have different
maintenance arrangements. In addition, we have made some observations outside of the direct
scope of the assessment that we believe you may find useful.

Having undertaken maintenance assessments on the arrangements for newly commissioned
railways before, we have identified that teams on these types of projects are balancing three
priorities:

# Project close-out (mainly management of defects and collation of documentation such as
technical drawings and manuals);

» O&M start-up (e.g. creation of procedures and processes, finalisation of maintenance contracts
and one-off activities such as bulk population of assets and maintenance plans into the Asset
Information System); and

» Steady-state operation (e.g. management oversight and monitoring of maintenance contracts,
dealing with arising issues).

These priorities interact with one another so that oversight is difficult in the absence of defined
processes and the definition of processes is hampered by the need to resolve outstanding issues
from the construction phase, whilst the outstanding issues themselves impede the ability to deliver
a reliable service.
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Two years from the start of revenue service, we observe that many of the fundamentals of good
maintenance are in place. Maintenance subcontracts are signed, asset registers have been created,
maintenance specifications and standards are in place and reliability is improving. There are still
construction defects outstanding.

We did not expect to find a fully mature organisation but there are some areas that are less mature
than we would like to have seen.

Asset Management Planning

The plans, reports and the organisation are focussed on delivering day-to-day maintenance. There
is very little in the way of planning for heavy maintenance or renewals. The network is relatively new,
but we have worked with organizations where this view has persisted for decades, meaning that
nobody had planned for sustaining asset life. The asset will not remain new for long and we
observed that there are sections of rail that have already sustained more than half of their allowable
wear.

The biggest concern in this area is not that there are no plans for asset renewals, but as yet, there
is no firm view of what indicators and measures will be used to determine current condition and
predict remaining asset life that can be used to plan renewals.

There are other areas such as configuration management, resourcing and failure and incident
response that would benefit from further development. The asset management process is built
around an inspect and repair philosophy. Areas such as rail management and hot weather
management would benefit from a more proactive approach to mitigate predictable issues rather
than finding them on inspection and then reacting to them.

Supervision and Oversight

The structure of the preventative maintenance process is quite thin. All the inspections are
completed by front line staff and there are no documented requirements for anyone else to review
asset condition.

There does not appear to be particularly strong oversight of the work done by front line staff. The
shift supervisors are predominantly office based and their role in the verification of completed work
appears to be limited to confirming that the paperwork is complete.

Assurance

The Quality department have a schedule of internal audits that have been well delivered and
documented. However, these are limited to desktop review, confirming that procedures are up to
date and that there is suitable evidence of compliance. They do not review the quality of finished
work.

At Network Rail, we operate a “3 lines of defence” assurance model:
g Self-assurance; am | doing what | am supposed to do?
S Internal assurance: are you doing what you are supposed to do?

B Independent assurance: is what you are supposed to do delivering the right outcomes?
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Independent assurance is not necessarily external and could be delivered for example by the
engineering team on the maintenance function.

Without a robust assurance framework in place, it is difficult to be confident in the delivery of outputs.
Reporting

We did not see a structured reporting and review process. In a single week, we would not expect to
see a full cycle of reviews, but we came away with the impression that a lot of reviews are done at
a low level with little aggregation or trending. Discussions seem to be dominated by individual issues,
sometimes down to work order level, rather than prioritizing and tackling the biggest risks and trends.

The operational management reports such as the Alstom backlog and reliability reports can feed
good decision making but there are no equivalents of these at top management level, partly due to
limitations on the information contained in IMIRS. The asset management reports such as the
condition reports and APPM Achievement are aggregated but not analysed. They rarely contain
causes, assessment of the risks or remedial action.

We conclude that it is difficult to for management to get a high-level picture of what is going on and
to be able to drill down into detail to identify and prioritize appropriate actions.

Relationships

Whilst it was not strictly within our scope, we would like to make reference to the issue of
relationships. Clearly, there have been serious difficulties in delivering a high quality and reliable
service to passengers on the Ottawa LRT. From issues remaining from construction, be they
outstanding defects, missing information or poor reliability, difficulties recruiting and retaining
sufficient staff to serious incidents, the initial period of service has not been what anybody hoped.
Against such a background, it is difficult to build confidence, trust and collaboration.

The City of Ottawa is understandably having difficulty gaining confidence in the delivery of
maintenance but by imposing penalties outside the contractual performance regime is creating
problems for those trying to make improvements. RTM have a poor impression of Alstom but does
not seem to have sight of some of the good things we have seen. Alstom are content to wait on
responses from RTM to issues rather than seeking to work together to mitigate and resolve them.

In this environment, the biggest losers are those whom everyone shouid be striving to serve — the
customers of the LRT service. We were not tasked with assessing the commercial arrangements
between the parties or any claims or disputes, but viewed from the outside, the current situation
looks unsustainable.

Whether it is in areas of interface, such as EROs providing detail when they report faults or vehicle
maintainers reducing wear and tear on depot equipment, the area of information sharing such as
supplying detail of planned rather than just completed work into IMIRS or the area of dealing with
projects close-out issues, resolution will always require a joint approach and action on both sides of
the contract boundary so the practice of passing issues between the parties is unlikely to succeed.

To make the next 28 years more successful than the first two, a fundamental rest of the relationships
between the parties is required.
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Next Steps

The decision by RTM to split the activity into assessment and monitoring phases was a good one.
Having taken the time to consider and document our findings, we have been able to provide
recommendations on where the monitoring phase needs to focus. We have tried to structure these
recommendations so that they follow on from our observations at the assessment phase and could
be delivered either by ourselves or by another organisation.

Acknowledgements

We would like to acknowledge the help and support of everybody involved in the review. We were
provided with access to almost all the documents we requested, quickly and efficiently. Many of the
team rearranged their schedules with little notice to make time to meet with us in the short window
available and followed up with the examples and evidence that we requested from them.
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NRC was requested to provide a technical assessment of the effectiveness of RTM and its sub-
contractor's maintenance framework and organization on the following asset groups as described
in Appendix A of schedule 15-3 of the Project Agreement:

» Revenue Vehicles (Attachment 2)
P Infrastructure, comprising Systems and Track (Attachments 3 and 4)
o Facilities and structures (Attachments 6 and 9)

We were asked to assess:

S Asset Management Plans - Training
> Quality Plans - Experience
» Appropriateness of the frequency and - Qualifications

scheduling of B Appropriateness of maintenance

-~ Preventive Maintenance organization;
Corrective Maintenance - Staffing levels
- Retrofits - Shift coverage
Backlog - Supervision/oversight
S Effectiveness of maintenance B Support departments (Engineering,
management and reporting systems. sourcing, etc.)
S Workorder management b Adequacy of tools and equipment
S Appropriateness of employee: B Adequacy of QA/QC processes

|3

As this was a relatively short review, we do not intend to formally examine the efficiency and
effectiveness of individual work activities; however, anything we observe that we believe could
benefit from improvement, whether or not it is part of our structured protocol, will be documented
and shared with RTG.
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Our approach to undertaking a review of maintenance is {o use a structured review protocol and
competent people.

For this assignment, we propose to use our “Heart of Asset Management” question set. Based on
best practice, this is not a full review of corporate asset management capability, rather it focusses
specifically on maintenance and looks at the day-to-day activities undertaken within the
maintenance function.

The question set covers:

- Inspections, including standards, frequency, planning and compliance management;

» Defect management, including classification and competence;

S Fault and incident response, including resourcing, prioritisation and reliability management;

S Work prioritization and access planning, including process, planning horizon, works
integration and learning;

> Gaining access to the infrastructure, including managing impact on operations, access control
and safety/security technology;

» Repair processes, including standardisation, resources, competence, risk and assurance;

S Management of spares including assessment of required quantities and process for
maintaining adequate inventory;

S Engineering data and assurance, including data management, condition reporting, data driven
maintenance and renewal interventions and asset operation information. We will look at
whether data is collected, stored and processed systemically or by use of ad hoc
spreadsheets;

» Renewal definition and scoping (may not be immediately relevant but there will be renewals
required during the term of the contract and the approach to how these will be defined should
be of interest);

B Asset information, including records, updates, monitoring and review, reporting and learning;
and

o Strategy and organisation, including goals and objectives, organisation structure and
performance appraisals.

Each question is assessed on a scale of maturity from 1 to 5, and the results expressed as:
S At risk (responding to accidents);
> Reactive (managing on red);

S Managing (preventative maintenance);
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g Engaging (reliability based maintenance); and

# Robust (predicted and tailored intervention).
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3. Common Findings

When reviewing the asset management plans for each asset group, we identified some findings that
are common across all of the asset groups and so we have recorded them here.

3.1 Asset Management Plans

The asset management plans for all of the disciplines in our assessment follow the same layout. In
reviewing the documents, we have assessed their coverage against the subject areas contained
with the Institute of Asset Management Anatomy of Asset Management

Figure 3.1 Institute of Asset Management Anatomy

3.1.1  Alignment with objectives

All of the asset management plans state that their objective is to deliver the performance measures
defined in Schedule 15-3 of the Project Agreement.

3.1.2  Alignment with other disciplines

The asset management plans contain no detail about how the interventions for the different
disciplines will be aligned and integrated.

3.1.3  Resourcing Strategy

The asset management plans do not describe the strategy for assessing the requirement for
resources, including labor, plant and materials. The area of resourcing is a particular risk for the
Ottawa LRT. In terms of labor resources, Ottawa has no history of railway maintenance and little of
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its GDP comes from manufacturing making skilled technicians and fitters a scarce resource.
Competition in the high-tech sector, which represents around 19% of the city’s GDP (greater than
that of Federal government) is fierce meaning that retention of skilled staff is a challenge.

Similarly, many of the components of the LRT system were sourced from overseas making repair
and replenishment more complex.

3.1.4  Shuldowns and Qutages

The asset management plans make no mention of how engineering access to the railway
infrastructure will be managed nor how the system can meet its performance targets whilst planned
maintenance and overhauls reduce the number of available vehicles.

Access to the network is severely restricted with daily/weekly access being composed of very short
windows and the annual allowance for disruptive access equating to being able to get a 12 hour
window on each section roughly every two years.

The current method of work favours undertaking all activities during system shutdowns. Some of
the systems, particularly the Traction Power Supply system, have a level of redundancy that would
allow systems to be taken offline for maintenance without degrading the service to customers. Whilst
taking outages on redundant systems does create an availability risk, with proper risk assessment
and mitigation, this can be minimised and does bring the advantage that maintenance can be
undertaken without time pressure. As part of the planning process, arrangements can be rehearsed
during engineering hours to confirm that the systems behave as expected in the degraded mode.

3.1.5  Configuration Management

The asset management plans do not describe how configuration management is achieved.
Configuration management includes the Bill of Materials that describes the required parts and
modification states, As Built drawings that show how systems, subsystems and components are
interconnected and software and configuration files.

All these items are vital when designing system changes or restoring service after a failure or
incident. Difficulties in accessing configuration information can extend the time taken to rectify a
failure or could result in an older version of configuration being used, maybe reverting a change
made to improve safety or reliability.

The configuration management section could also consider the extent to which spares and rotating
(repairable) parts are tracked at serial number level.

3.1.8  Reliability Engineering

There is no information within the asset management plans to describe how reliability will be

measured or managed and no targets and timescales for a desired level of reliability to be reached.

We observed some good practice being undertaken to monitor reliability and were told about
meetings where this information is reviewed and actions planned but there is no overall reliability
management plan.
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347 Faull and Incident Response

The asset management plans describe the preventative maintenance in some detail but do not
describe how faults and incidents are to be managed. There is no description of the response and
repair time requirements and no description of the strategy to meet the requirements of the Project
Agreement in this regard.

3.1.8  Asset information

During our assessment we did not see any requirements for the management of asset information.
The asset register has grown organically, and some maintenance is attributed to location areas
rather than individual assets, even where the assets exist in the register. The allocation of corrective
work orders to individual assets is also inconsistent.

There are no standards for the quality of the data, processes for the verification of data or formal
means to correct errors or to identify the root cause of errors.

3.1.8 Compelence Management

Competence is a key element of good asset management. All the strategy, planning and delivery of
works has little value if the individuals who perform the work are not demonstrably competent.

We saw examples of the competence management systems in place for various assets but the
asset management plans do not contain any overarching strategy for competence management for
the specific assets and no reference to competence management system documents.

3116 Risk Assessment and Management

The asset management plans do not address how asset specific risks are identified, assessed and
mitigated. There will be some assets, owing to design, environment, accessibility etc. that present
a risk to network performance. Similarly, where assets are awaiting repair or are operating with
know reliability or potential safety issues a level of risk exists. The asset management plans should
describe how these risks are escalated so that they can be properly managed.

3111 Contingency Planning and Resilience Analysis

No assets are 100% reliable, especially over the long term. There may be parts of the network where
that can be subject to a single point of failure. These should be identified through resilience analysis
and appropriate contingency plans drawn up such that there is a structured means to respond with
appropriate arrangements already in place.

3.1.12  Management of Change

There can be a wide range of permanent and temporary changes that need to be considered in
relation to asset management, such as the need to comply with new legislation or regulations or the
introduction processes or changes to the asset itself, such as upgrading of technology.

Any changes to assets or asset management will almost certainly involve people and the success
of the change is impacted by how well the change is documented and communicated. The asset
management plan should describe a process, proportional to the scale of the change, to ensure that
affected individuals have the awareness and updated information that they require.
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3.1.13  Assel Performance and Health Monioring

None of the asset management plans contain much detail about the Asset Preservation
Performance Measures and how they indicate asset condition and likely remaining life. We have
identified in each of the asset sections that the long term monitoring of asset condition with a view
to planning heavy maintenance and renewals is immature.

3.1.14  Conclusion

The above comments refer to the documentation of the subject areas within the Asset Management
Plans. As will be described in the individual asset class sections, some of these asset management
requirements are in place but it would be good practice to document then within the plans.
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4.1 Asset Management Plan
411 Asset Management Plan Overview

The RTM Document: RTM-MC-PLN-459 Asset Management Plan is a brief document detailing the
responsibilities and documentation required to understand the guidelines on the management of all
the ‘O-Train Line 1 assets’. The documents states that Appendix C cover Alstom’s scope, including
LRV maintenance and infrastructure asset such as signals, communications systems, guideway
maintenance, TPSS equipment, OCS, non-revenue vehicles and tunnel systems. Appendix C titled
‘ENG-SV-OTT-PRO-001 Version D’ is a 35-page document intended to cover scope of all of the
subcontractor Alstom’s scope of work. The construction and alignment to the supplier’s scope within
this document in itself isn’t an issue but it does feel like it has missed valuable fleet management
information, We recommend that RTM and Alstom consider creating a standalone Fleet Asset
Management Plan (FAMP) or adding the following sections to the existing Asset Management Plan
due to the complexity of rail vehicle maintenance.

412 Vehicles

The Asset Management Plan (AMP) refers to the fleet as comprising of 38 vehicles. On the ‘MU
Readiness’ board in the supervisor's office vehicle numbers up to 41 were displayed. We
recommend that RTM and Alstom consider updating the asset list to include unique identification of
all vehicle to ensure there is no complication between phase 1 and phase 2 assets or in the event
an asset is removed from service permanently.

413  Crganisational Structure

The job titles within the team are noted and listed (Page 4 Responsibilities for the Execution of this
Procedure) as ‘responsible’, ‘accountable’ or ‘players’. We recommend that RTM and Alstom
consider aligning these to key roles to give clear line of sight on responsibility and potentially add
names of the individuals and their nominated delegates to ensure competence can be covered
during periods of absence this would also assist with training needs analysis for succession planning.

414  Risk Management

The Asset Management Plan details the risk management process and the creation of a risk register
which is reviewed annually. Alstom have put in place PMT-SV-OTT-MAN-001 Project Safety
Management Plan ‘Plan to describe the management of all railway risks’. They declined to provide
this document to us. We recommend that consideration should be given during the monitoring
phase to determine if the process includes vehicle maintenance risks and if the vehicle maintenance
risks should be documented separately and reviewed more frequently due to the risk of serious
injury or death within any maintenance organisation.

4,15  Engineering Change

The Asset Management Plan makes no reference to how engineering change will be managed. We
recommend that RTM and Alstom consider detailing or referring to their engineering change process.
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4.1.6  Conlractual Arrangemaents

The Asset Management Plan makes no reference to the contracting of subcontractors or 3 party
maintenance or engineering organisations. We recommend that RTM and Alstom consider adding
this detailing who is responsible for this activity and how the appropriateness of subcontractors or
3" party maintenance suppliers would be assessed including any minimum standard requirements
they must meet, what assurance activity is required and what regular reviews or meetings are
undertaken.

417 Transfer of information

The Asset Management Plan makes no reference to the transfer of information from engineering or
maintenance management to the frontline staff. NOTE: This was discussed during the assessment
and information was distributed via staff iPads and toolbox talks. We recommend that RTM and
Alstom consider detailing the process for the transfer for of information within the Asset Management
Plan and include staff sign off to ensure they have both received and understood the information
provided.

4.1.8 Maintenance Document Control, Review and Revision

The Asset Management Plan makes no reference to how changes to the vehicle maintenance
instruction updates will be reviewed, stored, controlled or how frequently planned reviews would
take place. NOTE: During the assessment it was clear that vehicle maintenance documentation was
being reviewed, improved and updated frequently with the vehicle maintenance instruction currently
at revision L. We recommend that Alstom review documents REF-PRO-001 and
OTT-GNR-QUA10-PRO-001 to confirm that they contain sufficient detail relating to how the vehicle
maintenance documentation is reviewed, stored, controlled and the frequency of planned reviews.

419 Removal and Release Vehicles from Revenue Service

The Asset Management Plan makes no reference to how a vehicle should be removed from revenue
service, adequate removal from service process is critical to ensure vehicles with defects are not
returned to revenue service unintentionally. The Asset Management Plan also makes no reference
to how a vehicle should be released to revenue service after being removed, this process is critical
to ensure any vehicle which has followed the removal from service process is able to return to
service without being stopped. We recommend that Alstom consider adding a release of vehicles to
revenue service process.

4.1.10  Deferral of Maintenance or Repair

The Asset Management Plan does supply tolerances for acceptable delays to planned maintenance
with a figure of 5% for minor servicing and 10% for major servicing but makes no reference to how
any delays outside of this tolerance would be managed or who would be responsible for signing a
deferral off. We recommend that Alstom consider adding a deferral management process with the
use of a risk matrix and responsible person for sign off would be advisable if this isn’t already in
place. Any deferral for an individual task should alsc have a work order created in the chosen
maintenance management system (GSI).
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4111 Post incident or Accident

The Asset Management Plan makes no reference to how a vehicle should be inspected or recovered
post incident or accident. This process is critical o ensure the vehicle is recovered in a safe manor
which does not add risk to people, infrastructure or further vehicle damage. We recommend that
RTM and Alstom consider adding a post incident or accident process based on specific levels or
types of vehicle damage or failure should be referenced here to ensure safe and effective vehicle
recovery.

4,112 Msaintenance Recording

The Asset Management Plan makes no reference to how maintenance activity is recorded, We
recommend that Alstom consider adding maintenance recording details specifically focusing on
where maintenance is recorded and what components require additional documentation e.g.
serialised assets, safety critical components, rotating assets, dimensional data or tools like torque
wrenches which may require recording on each workorder.

4.1.13 Handling and Siorage of Safety Related Equipment

The Asset Management Plan makes no reference to how asset spares or materials are managed
and does not detail how min/max levels are decided or reference any suitable procedures for storage,
handling, and transportation of components / parts, specifically wheelsets, axle-bearings, and
safety-critical parts. We recommend that RTM and Alstom consider adding a process or a reference
to the process for handling and storage of safety related equipment.

4.1.14  Reporling of Correctlive Maintenance and Repairs

The Asset Management Plan makes no reference to how faults and defects are reported. We
recommend that Alstom consider adding a process or a reference to the process for how defects
are reported by any user, including maintenance technicians and train drivers as a minimum.

4.2 Quality Plans

The Asset Management Plan cites document QUA-SV-OTT-MAN-001 as the Project Quality Plan.
The document is relatively short and most of the information is contained in referenced documents.
Alstom declined our request for copies of these documents, citing them as sensitive. We therefore
cannot comment on the adequacy of the QA/QC plans.

4.3 Maintenance
Vehicle maintenance is undertaken by RTM’s subcontractor Alstom.
4.3.1 Freventalive Maintenance

Preventative maintenance is subcontracted to the maintenance provider Alstom and undertaken at
the Belfast Road facility in the City of Ottawa. Most of the preventative maintenance activity is
completed at night when the vehicles have returned from revenue service. We attended the Belfast
Road maintenance facility for 5 days from Monday 29" of November to Friday 3 of December. Due
to prior arrangements, key member(s) of the Alstom team were unavailable at the time of
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assessment which made it difficult to properly assess the preventative maintenance, some
comments supplied by the team were not verified due to the short timescale and we recommend an
additional monitoring phase to fully assess the quality of preventative maintenance. The monitoring
phase should look to provide an insight into the overall quality of maintenance delivery to include
but not limited to the planning of a task, documentation issuing and briefing, technical ability of the
team, availability of technical support, suitability of tools and equipment, effectiveness of supervision,
timescales for task completion and quality of workmanship.

The vehicle OEM Alstom provided each asset with a cyclical maintenance plan based on kilometres
travelled. Preventative maintenance is broken down into 3 levels, P1 for Daily Checks, P2 and P3
for servicing. The services are completed at the following intervals:

» 5,000 KM 2 150, 000 KM
> 10,000 KM [ 200,000 KM
2 25,000 KM [ 300,000 KM/ 330,000 KM/ 375,000 KM
o 50,000 KM b 400,000 KM
» 100,000 KM S 500,000 KM

The preventative maintenance schedule and tasks are relatively predictable and similar to that seen
elsewhere with comparable vehicle types. Some maintenance interventions may be irrelevant to the
use of the vehicle or decrease the life expectancy of components E.g. daily checks of door
open/close buttons when the doors are opened automatically at stations. We recommend that, in
future when enough data is held to review the efficacy of the individual tasks based on the
environment and usage of the vehicles.

The vehicle maintenance instructions are described as Work Method Statements (WMS) and
appeared to be a cross between a maintenance instruction and task risk control. The particular
WMS task viewed was at revision L which provides a high level of confidence that documentation
is being continually reviewed and improved and provided a good level of detail including images to
assist the technician. Overall, the documentation was of a good standard.

Preventive maintenance tasks are assigned to the maintenance technicians by the shift supervisor,
there were two supervisors on site and at the time of assessment one had vehicle maintenance
background but the other was from a different discipline. After completion of the task the supervisor
is responsible for signing off the task and allowing release to revenue service. At the time of
assessment this process failed, and a vehicle was released to service without having the checks (or
without having proper sign off) mandated after the derailment and shut down period. The
investigation into the cause of this failure was ongoing at the time of assessment. We recommend
that process is created to enhance the daily check to confirm that all outstanding maintenance and
modifications have appropriate concessions before the vehicle is released to revenue service.

Documentation is transferred to maintenance technicians via an iPad, any updates to controlled
documentation are uploaded and previous versions removed, changes are then briefed by the
engineering team during a toolbox talk. While the use of digital technology to control documentation
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is good practice there was no evidence to demonstrate that technicians were required to
acknowledge the issue of a briefing or that they understood it.

Individual maintenance tasks on the ‘LRV Daily Checklist’ are circled as ‘OK’ or ‘NOK’ by the
maintenance technician when complete, which is then followed by a ‘defect record sheet’ to record
any arising work. Daily checklists were provided from 30/11/2021 and should activity on 4 vehicles,
LRV 04, 22, 09 and 14. These checklists should be reconsidered as they fail to provide clear
traceability to the maintenance task ‘owner’. These contain 3 potential issues:

1) ltisn’t clear which technician undertook the work on which vehicle.

2) On the checklist for LRV 04 and 22 there are 3 technicians listed so no way of identifying
who undertook the individual tasks

3) The document is utilised for 2 vehicles and should be intended to be used as both a reminder
to undertake the task and sign off. If only one document exists for 2 vehicles it would be
impossible to complete progressive sign off if the technicians are working simultaneously on
different vehicles, leaving potential for missing tasks.

Figure 4.1 Example of Dailly Checklist with mulliple vehicles/technicians
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We recommend that the LRV Daily Checklist is updated to make it clear who did which checks on
each vehicle.

During the assessment stage it wasn’t possible to provide any analysis of the of the time given for
preventative maintenance events. Consideration should be taken to determine if this would be
required and included in any future monitoring stage.

During the assessment it was accepted that previously, renewable parts had arrived late for major
preventative maintenance outages, due to the timescales it wasn’t possible determine the root
cause of the delays or the quality of the preventative maintenance planning. Consideration should
be taken to determine if this would be required and included in any future monitoring stage.

The daily checklist supplied was on issue ‘P’ which demonstrates the documentation is continually
reviewed to ensure appropriateness.
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Some areas of good practice were identified during the tour of the workshop:

Figure 4.2  Wilness marking and torgue Figure 4.3  Shadow boards for task speciiic
pattern clearly visible materials

Figure 4.4 Visual management boards in use (missing some vehicles)}
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Figure 4.6 Installation instruction manuals
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4.3.2  Corrective Maintenance

Corrective maintenance is reported from any of the 5 sources listed below:
> Daily inspections (level 1);

> Preventative Maintenance (levels 2 & 3);

b Customer reports;

B Incidents; and

a» Performance monitoring.

Daily inspections

The daily checklists supplied had no arising work so during the assessment it wasn’t possible to tell
if the reporting of corrective maintenance was taking place in the given timeframe, however the
‘Work Order Backlog Report’ suggests corrective maintenance is completed on time.

Preveniative mainienance

There were no preventative maintenance events taking place during the time in the workshop, so it
wasn't possible to tell if the reporting of corrective maintenance was taking place as required at the
time of assessment. Preventative maintenance tasks being overdue were the majority of the tasks
listed on the ‘Work Order Backlog Report’, so evidence suggests that this may be a problem area.
While it wasn’t withessed at the time of assessment, we suspect this is due to lack of spares
availability.

The warranty team had a vehicle on jacks with the bogies removed, there was a visible crack in the
windscreen, windscreen defects require permission from the City prior to returning to service if not
rectified. When the team were asked if crack had been reported | was told ‘no’ NOTE: it may have
been reported and the individual asked didn’t know. Additional process or collaborative working
could reduce vehicle downtime.
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Figure 4.7 Vehicle with the bogies removed

e
Customer reporis

When interviewed several staff members stated that there were issues with the reporting of defects
at this level, the Alstom team felt that the quality of the reporting was not always sufficient to
diagnose faults and be confident of the rectification prior to returning to revenue service. Concise
fault reporting is key to 15t time fault diagnosis. We recommend that Alstom consider the use of ‘key
information’ cards to prompt the drivers to note or report specific details relating to environment,
track geography or vehicle status.

incidents

At the time of the assessment discussing post incident defect management was kept minimal to
avoid conflict. It was clear that Alstom were undertaking significant levels of work to avoid repeat
failure and that route cause analysis and mitigation techniques were being deployed.

Performance monitoring

A daily failure review is completed to ensure any defects are contained and mitigations put in place.
Where a repeat failure occurs the engineering, team lead the investigation using FRACAS to report,
classify, analyse and create preventive actions, if the failure poses a risk to the safety of people or
infrastructure the engineers will follow the 8D process. 8D is a process widely accepted as good
practice following a safety related failure.
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During the assessment several Excel and PowerBl performance related charts and graphs were
displayed.

Figure 4.8  Example of LRV reliability growth chart

Figure 4.9  Example of reliability apportionment chart
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The data collection and analysis was effective and easy to create links between past performance
and vehicle defects. When the defects are raised, the on-shift supervisor sets the priority level using
pre-existing guidelines. A defect matrix is being created as defects arise which will be used to build
future preventative maintenance events.

Figure 4.10 Example of the defect prioritization matrix (in developmeant)
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o
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Defect severity is categorised from P1 — P5, 1 being the highest level of risk and 5 being the lowest.
Supervisors are able to make decisions about maintenance concessions for risks in the P3-P5
category but where they fall in category P1 or P2 they must be evaluated by an engineer. A P1
severity defect requires engineering risk assessment at each maintenance event and a P2 requires
an engineering risk assessment on the first event and a supervisor assessment on consequent
events where there is no further degradation.

Work orders for any maintenance concessions are added to GSI and a concession register is
maintained.

The process is relatively robust however a monitoring stage could be applied to ensure the
effectiveness of its application.

433 Retrofils

The maintenance technicians are divided into 2 teams, one team undertaking preventative
maintenance and the other referred to as the ‘warranty team’ or ‘rolling stock’ team completing
warranty and retrofit tasks.

Through assessment and interview it was apparent that vehicle availability has been impacted
significantly by the need for retrofit works to be undertaken. The data suggested that the largest
causes of vehicle failure were doors, wheels, APS Modules, brakes and bogies most of which have
either been subject to retrofit or are currently undergoing retrofit.

During the assessment the general opinion was that the retrofit tasks were improving asset reliability
and where actions were complete i.e. vehicle doors, the door runner had been improved, a driver
override button fitted and an improved locking system fitted had significantly reduced the likelihood
of failure.
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During several discussions, the vehicles were described as ‘concept’ or ‘hybrid’ build type. The
Citidas itself isn’'t a new design, it is referred to by the team as a concept due to some changes
made from the normal design for the usage and environmental demands of the Ottawa railway
network. We were advised that the vehicle testing stage was reduced from 7 months to just 1 month
and while this doesn’t justify issues running into year 2 of service it does explain why some early
reliability problems were not resolved prior to revenue service.

Assuming a high quality of maintenance is provided, defects are managed appropriately, and major
warranty issues closed it would be feasible to predict an increase in vehicle performance.

434  Backlog

A further monitoring stage would be required to fully investigate any issues with the backlog of
maintenance tasks. The annual RTM audit process didn't highlight anything to suggest a serious
backlog of planned maintenance events or defects and the November Work Order Backlog Report
showed zero planned maintenance tasks overdue.

Vehicle maintenance is evidently the largest source of overdue reactive maintenance tasks with 369
tasks featuring on the report. Of the 369 tasks, assuming ‘status’ open or assigned with no
‘completion’ comments means the task remains overdue, 173 tasks remain overdue. The ‘Work
Order Backlog Report’ makes no reference to the severity or impact of the overdue task and does
not supply a reason for the deferral of the repair activity. We recommend that the work order backlog
report be enhanced to aid prioritization. The report lacked in fault detail and some training could be
given to staff to ensure an adequate and consistent level of reporting.

Alstom also use a “waterfall chart” to monitor the next maintenance intervention for each vehicle.
The chart allows them to see any overdue maintenance and to plan to smooth out any peaks in
maintenance by moving services early or late, within the allowable tolerance.
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Figure 4.1 Example watlerfall charl showing next maintenance intervention for each vehicle
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The ongoing warranty issues affecting workshop availability and ‘out of stock’ or ‘never stocked’
items would be the most likely threats to undertaking maintenance tasks on time in a maintenance
organisation at the current level of maturity.

4.4 Effectiveness of maintenance management and reporting systems.

At the time of assessment, it was mentioned that Alstom were considering changing to a time based
maintenance schedule. Time based maintenance scheduling can be appropriate within a
maintenance organisation where there is a limited pool of assets or when major maintenance events
occur at the same point in time because of consistent usage (km) across the fleet. The analysis
process wasn’t discussed due to lack of availability of the maintenance management however it is
worth considering whether this is the most effective methodology, given the increased asset
availability post retrofit campaigns. Time-based maintenance could have cost increase implications.

Reliability data and reporting was well established within the Alstom team but it wasn’t clear how
well the data is shared between Alstom and RTM. We recommend that RTM and Alstom create joint
metrics to assess the vehicle reliability to truly understand asset performance and reduce their
reliance on just the availability metric. The availability metric currently used is a contractual KPI so
holds value, but it can mask or detract attention from reliability problems.
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4.5 Waorkorder management

Alstom use their Global Single Instance (GSI) system worldwide to manage activities including
maintenance workorders this is linked to SES which is a mobile device platform used by the
technicians to view workorders. Maintenance plans are assigned to assets and auto-generate work
orders. Work orders contain a checklist of tasks due to be completed at each service and a link to
the corresponding Work Method Statement to enable the technicians to have access to the task
detail and specific risks relating to the task. Updates are completed digitally and changes are briefed
to technicians by the engineering team via toolbox talks. There is a mapped interface between GSI
and IMIRS (RTMs asset management system).

GSl is a SAP based system which is used worldwide for asset management/ enterprise resource
planning and is a relatively robust tool.

4.6 Appropriateness of employes:
4.6.1  Training

We were advised that a competence framework has been created for the maintenance technicians.
This was not made available due to availability of key people, but it is understood that the
competencies listed in the framework focus on the technician being trained on the use of workshop
equipment rather than specific areas of vehicle maintenance i.e. braking systems or wheels and
bogies. We recommend that Alstom consider creating a new competence matrix that includes
specific vehicle systems competence.

When asked about OEM or specialist training programmes for technicians it was confirmed that
these are not in place. We recommend that Alstom consider creating a “route to competence”
including specialist and OEM training. Where training was given it did not always include initial
assessment, mentoring or re-assessment. We recommend that all training events contain an
assessment to confirm that delegates have adequately understood the content as part of
demonstrating competence.

4.6.2  Experience

It was explained during the assessment that most of the maintenance technicians had originally
been involved in the vehicle construction phase prior to it being relocated and some were engineers
recruited as technicians with the supervisors being promoted from the pool of technicians.

Recruitment of skilled and experienced rail vehicle maintenance technicians is difficult in Ottawa as
there is no history of railway maintenance. There is local competition for technically capable staff,
which is creating a problem with staff turnover. We recommend that consideration is given to a
grading and progression structure for technicians to reward them for increasing knowledge and
experience.

463 Clualifications

The geographic location makes it difficult to recruit qualified vehicle technicians. Maintenance
technicians’ qualifications varied from ex-construction technicians from the build phase to
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engineering graduates. Whilst we did not investigate the qualifications of individuals in detail, we
observed that there is an opportunity to bring in staff without formal qualifications and support them
to become qualified. We recommend that consideration in given to apprenticeship type new entrant
programs as a way of attracting and retaining technical staff.

4.7 Appropriateness of maintenance organization;
471  Siaffing levels

We were advised that the sizing of the organization is still based on the information submitted in the
tender.

A time and motion type study would be required to assess the actual nightshift staffing levels
appropriateness, based on the limited access times to the entire fleet during engineering hours given
(but assuming trains are removed from revenue service sequentially) and the quantity of staff
available undertaking daily checks with the addition only minor corrective repairs it would be feasible
assuming the ‘hot spare’ vehicles are maintained and ready to be exchanged if required it is feasible
that under normal operation the staffing levels are appropriate.

4.7.2  Shift coverage

At the time of assessment “7 technicians were on dayshift and 20 on nightshift” further analysis
would be required to assess the appropriateness of this accurately any major maintenance outages
and the continued retrofit would also have to be factored in due to the impact on hot spares. On
dayshift (excluding warranty repairs) only 2 vehicles were in the workshop both receiving
winterisation maintenance events or part of the maintenance event which had been deferred. Using
some very basic analysis of available resource and estimated task lengths it is feasible that under
normal operation the shift coverage is proportionate.

4.7.3  Supervisionfoversight

The role of supervisor is an office-based role and generally recruited from the maintenance
technician pool, which is logical, however, as this is the only form reward or succession for
technicians it would lead to the best technicians being promoted and losing talent from the workshop
floor. Two supervisors are present during shifts. One supervisor is from a vehicle maintenance
background and the other from another discipline, although this may just have been on the day of
assessment.

The supervisor from the vehicle maintenance background is responsible issuing and signing off
work orders. Supervisors assign tasks to technicians based on their skills, this could open to
interpretation and influenced by the availability of staff, as vehicle specific competence does not
exist. Supervisors stated they do walk around the workshop and check the quality of the
maintenance being completed but we were unable to verify this.
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4.8 Support departments (Engineering, sourcing, ete.)
4.8.1 Engineering

The engineering team cover a number of activities including updates to maintenance documentation,
reliability management, training and risk assessment. The documentation reviewed was well
considered, had been updated and was of good quality. Their reliability management process was
effective and made the linking of data and potential issues easy, they also applied credible
processes to manage reliability defects.

We were not able to assess the quality of training delivered by the engineers. It is good practice that
those delivering training should have a qualification to train. There is a risk that a knowledgeable
engineer will make assumptions about the level of pre-existing understanding by the technicians
and may go too fast to embed a thorough understanding of the material with the delegates.

We recommend that consideration is given to focussing the engineers on creating comprehensive
training material to be delivered by a qualified trainer, rather than delivering the material itself.

482  Warshousing

The warehousing team were not interviewed due to the short timescales, we noted that at present
they had a vacant management position which they intended to fill. Stock min/max levels are created
on a reactive basis. We recommend that a review is undertaken of the requirement for spares and
suitable levels of stock are procured.

4 8.3 Facilities

The facilities team provided a good service, all depot equipment was in working order and
maintained. There were concerns from the facilities team that equipment such as the wheel lathe
was damaged by the maintenance team due to unintentional improper use. We recommend that the
facilities staff work alongside the vehicle maintenance team to understand how the equipment is
being used and provide advice on how it can be operated reliably.

4.9 Adegquacy of tools and equipment

Only a visual review of the adequacy of tools and equipment was completed due to time limitations.
The workshops were well prepared with good access to pits, jacks and working at height equipment,
toolboxes were placed regularly down the length of the maintenance roads and several signs of
good practice were visible; LOTO procedures applied, shadow boarding and quarantining of out of
date lifting equipment. The workshops and all the equipment within were all relatively new,
maintained and of good quality.

The workshops were in a good condition and kept clean and free from tripping hazards. The design
of the workshop isn’t optimal and didn’t help with the ‘flow’ of maintenance activity, having no through
roads could cause operational difficulties and add time or complications to maintenance planning.
We recommend that Alstom consider studying workshop usage and develop a robust plan to ensure
workshop space and movements are efficient as possible.
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410  Adeguacy of QAJQC processes

RTM undertake an annual Alstom vehicle maintenance audit, the audit contains 21 sections, 19 of
which are planned maintenance record or certification checks, section 20 is a training record check
and 21 a visual inspection of physical work being undertaken.

The last audit of vehicle maintenance raised several NCRs for vehicles receiving maintenance
outside the required mileage tolerance. In each case, the corrective action stated, “Inspections for
the trains shall be conducted as per prescribed mileage and within the allowable tolerance.” But did
not identify the root cause or suggest additional controls be put in place to address this issue.

We have made further observations on the assurance framework in section 8.1.
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5. Infrastructure

5.1 Asset Management Plan

We reviewed the Asset Management Plan ENG-SV-OTT-PRO-001 version D dated 31/12/2020.
The PA requires to the asset management plan to be updated annually by 315t December, so this
is the latest version.

The Asset Management Plan for Infrastructure is structured in the same format as those for other
assets. We have included some comments that apply to all plans in section 3.1.

During this assessment, we have not reviewed every reference document in detail, but we have
referred to some of them in drawing our conclusions about the completeness of the Asset
Management Plan.

Section 1.1 Asset Inventory

The plan states: “Due to the unavailability of the Constructor's Asset Register, Alstom has, and
continues, to collect asset information from available drawings and conduct field audits to capture
and ensure accurate records of infrastructure assets under Alstom maintenance scope.” Despite
this caveat, from our assessment of the asset database in GSI, a range of sources has been used
to compile a comprehensive asset register that is now being used to manage maintenance.

Section 3.1 Scope

This section includes a definitions of maintenance “levels”. Level 1, which includes inspection, is
described as requiring only basic technical knowledge and training. Later in the document, daily
inspections are confirmed as being level 1 and it is questionable whether the guideway inspection
is appropriate to be undertaken by an individual with only basic knowledge, particularly as the
Trackwork Maintenance Manual (RES-22-0-0000-MAN-0003) states that “This inspection shall be
performed by personnel who have been trained to identify early signs of defects, safety of operation
and have passed oral and written examinations on the principles of this Maintenance Manual.”

Appendix B4 Guideway Maintenance
Daily Guideway Inspection

The guideway daily inspection is referred to the Work Method Statement OTT-GWY-MTN-10-WMS-
014. This method statement states that the daily inspection is undertaken in 4 scheduled guideway
sweeps in the morning prior to start-up of daily service. The Trackwork Maintenance Manual states:
“The inspection of track is usually performed by a revenue vehicle (guideway “sweep”) or by Hi-rail
vehicle prior to the start-up of daily service. The crew on special trackwork and switch machines
shall perform their work by walking and visually checking all special trackwork.” Therefore the daily
WMS is not fully compliant with the requirements of the designers requirements with regard to
special trackwork inspection.
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Guideway Inspection Frotocol

It is evident from both interviews and review of the asset management plan that there is a layered
inspection regime, but it is solely undertaken by the Guideway Technician. Whilst we recognise that
there is a means for managing Guideway Technician competence, it removes the assurance
provided by having a tiered hierarchy asset management inspection.

Provisions are set out within Network Rail’'s maintenance standards for three levels of track
inspection:

B Level 1 Basic visual track inspection;

8 Level 2 Section Manager; and

S Level 3 Track Maintenance Engineer.

Note: Level 1 Inspections have predominantly now been replaced with a Plain-Line Pattern
Recognition (PLPR) Inspection vehicle, automating the identification and classification of defects.

The inspection frequencies for Level 1 and 2 vary and are based on the asset type and associated
track category (taken from the track category matrix). The Level 3 inspections are completed at two-
yearly frequency for all track categories.

This is summarised in the inspection hierarchy within Figure 5.1 which also shows the peripheral
inspections that are conducted to support. The levels complement each other and provide a level of
assurance ranging from short-term risk, medium-term planning, and longer-term strategy.

The Level 3 Track Maintenance Engineer inspections confirm the integrity of the track asset
reviewing quality / volume of works undertaken, reviewing renewal proposals and assurance
checking the other inspections. This for example, includes Engineers undertaking re-inspection and
re-assessment of defects, to ensure that safety risks are managed.
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Figure 5.1 Hierarchy of Track inspection (NR/LZ/TRK/G01)
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The Basic Visual Inspection (BVI) identifies immediate safety defects and records the progress of
other defects. The purpose of the supervisory inspection is to verify that the results of the BVI match
the asset condition, including confirming the correct prioritization of defects, to validate the standard
of previously completed work and to assist with planning of future rectification work.

<

The track is inspected by the responsible maintenance engineer every two-years to confirm that it
remains in an acceptable condition and to assist with the specification and planning of renewals. A
sample of track is inspected by the Route Asset Manager to verify the specification of renewals and
to ascertain that the maintenance is being undertaken to prolong asset life.

The delivery of all inspections at guideway technician level provides no assurance as to the condition
of the asset, the quality of inspection, the appropriate prioritization of defects and the quality of
corrective work. There is no overall condition assessment or early identification of the requirement
for renewals.

We recommend that a process is put in place for competent guideway supervisors to undertake
routine inspections to verify the technician’s inspection and rectification work and that the
Engineering team have a process to validate that the maintenance they specify is meeting the
customer requirements.

Hot Westher Management

We have been advised that the system has experienced several track misalignments (kinks) and
are concerned that the process for managing track stability appears very reactive.
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Currently there is a Work Method Statement for extreme weather inspection (OTT-GWY-MTN30-
WMS-004). This is triggered by a temperature fluctuation of >20°C or a rail temperature of >30°C.
The inspection is a general inspection across the network for signs of track movement.

Misalignments are not created solely by hot weather. They are triggered by the presence of at least
one other factor (a deficiency, a disturbance or incomplete preparatory maintenance work). The
most common are:

S a low stress-free temperature;

o ballast deficiency (e.g. insufficient ballast in the cribs or on the shoulder);

- ballast disturbance (e.g. tamping, lifting and packing, sluing track);

B rail creep;

S poor lateral and/or vertical alignment (e.g. voiding sleepers, misalignments);

P sleeper and bearer changing; or

S disturbance of the track system caused as result of intervention to non-track infrastructure.

It is therefore possible to assess and mitigate the likelihood of misalignments before the onset of
hot weather.

The ballast and tie assessment included within the monthly inspection (OTT-GWY-MTN10-WMS-
016 part 1C) should be used to identify sites with ballast deficiency and could be modified to identify
recent ballast disturbance. Checks 2B and 3B will identify poor lateral and vertical alignment.

Alstom state that they have undertaken some mitigation work such as strengthening the ballast
shoulder on the Hurdman to Tremblay corridor.

We recommend that the work orders resulting from deficiencies identified during these inspections
and records of sites with unknown or low neutral stress are analysed prior to spring and work is
prioritized to rectify the deficiencies to reduce the likelihood of track kinks.

Furthermore, we recommend that a process be put in place to identify those sites with outstanding
deficiencies and those sites that have been subject to disturbance and have not yet been
consolidated such that mitigations can be put in place rather than waiting for the temperature to rise
and going out to inspect for kinks.

Alstom state that they have not received any records of the stress neutral temperature. We
recommend that this is immediately rectified by requesting the records from OLRTC.

Rail Management

Chapter 4 of the Track Maintenance Manual (Technical Standards & Maintenance Work) describes
the need for ultrasonic testing of rail to be completed annually or more often in the event of a
significant increase in failures or detected defects. The asset management plan makes no reference
to non-destructive testing of rail. We were advised that ultrasonic testing is currently planned three
times per year (4-monthly).
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The current ultrasonic testing provider (Hertzog) has found very few rail defects. Alstom report that
find this unusual, as do we. They are engaging a different contractor (Sperry), to undertake the next
test of the network.

Chapter 3 of the Track Maintenance Manual (Guideway Scheduled Inspection & Maintenance)
states the routine requirement for ultrasonic testing of rails and welds and requires that: major flaws
must be recorded, and remedial action promptly taken. The manual provides no further guidance
on timescales for correction of defects.

We consider that the arrangements for management of the risk of broken rails is inadequate. We
recommend that the approach for rail flaw detection and correction be included in the next update
to the asset management plan.

Chapter 11 of the Track Maintenance Manual describes the need for condition monitoring and
subsequent rail grinding. The asset management plan states that rail assessment is undertaken
during the monthly inspection (OTT-GWY-MTN10-WMS-016). Task 2A refers to visual identification
of rail flaws but the full range of examples from the Track Maintenance Manual are not covered. We
recommend that the WMS be updated to assist the Guideway Technician in recognizing all of the
types of rail flaw identified by the designer.

The Work Method Statement states: “The qualified Guideway Technicians will walk or inspect the
track on hi-rail’” Given the nature and purpose of this WMS, we recommend that the option to
undertake the inspection by hi-rail be removed and that this inspection becomes mandated as a
walking inspection.

We were advised that there is currently no proactive rail grinding program. The asset management
plan does not explain how the results of the inspection are used to determine the frequency of
grinding and therefore does not cover the requirement 11.2.2 of the Track Maintenance Manual. We
recommend the asset preservation measures section of the asset management plan be updated to
describe how the frequency of rail grinding is determined to maintain rail profile and condition.

Track surfacing

The Track Maintenance manual makes no reference to tamping of plain line after the initial
installation of the track, other than spot tamping to rectify loose ties. The chapter 13, section 3.13
recommends annual tamping of special trackwork, but this is not included in the asset management
plan.

A program of tamping was undertaken in June 2021, but we were advised that this was hampered
because the tamper was out of gauge for some parts of the network.

We recommend that the asset management plan be updated to include the asset preservation
measures used to determine the tamping program. The section should also include the approach to
procuring a suitable tamping machine to avoid the need to dismantle elements of the stations to
achieve the required gauge clearance.
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Appendix BS TPSS Maintenance

There are activities within the Maintenance and Rehabilitation Plan (RTM-MC-PLN-042) such as
the requirement to maintain leakage of DC current in the Hydro Ottawa system neutral below agreed
thresholds. Whilst we did not examine all the Work Method Statements, the annual inspection
(OTT-TPS-MTN10-WMS-002) is the only intrusive inspection and yet it does not include any
measurement of stray DC current.

We recommend that the content of Asset Management Plan and the TPS Work Method Statements
are reviewed against the maintenance handbock and the Maintenance and Rehabilitation Plan to
confirm that all the required activities are included.

Appendix B8 OCSE Maintenance

The OCS preventative maintenance consists of inspections a 2, 6 and 12 month intervals. We noted
that the Work Method Statement quoted for the 6-monthly  maintenance
(OTT-OCS10-MTN10-WMS-001) states a frequency of 3 monthly in section 2. Checking with the
Table Nr. 1 in the maintenance handbook (MVA-54-0-S017-MAN-1000), the inspection frequency
can be relaxed from 3-months to 6-months at the end of the first year of operation.

The maintenance handbook includes a 5-yearly inspection and component replacement. There is
no such activity in the Asset Management Plan; however, we did not check the detail of the WMSs
to see if the activities have been included in those for more frequent services.

We recommend that the frequency and detail of inspections checked against the maintenance
handbook and the relevant documents updated to reflect the correct requirement.

OCS is inspected from the ground at a two-monthly interval. This inspection is always undertaken
during Engineering Hours, meaning that the OCS is never inspected in daylight, making it difficult
to achieve a thorough inspection. We recommend that consideration is given to arranging alternate
inspections to be carried out during the day, with suitable protection from traffic to improve the early
detection of defects and deteriorating condition.

52 Quality Plans

The Asset Management Plan cites document QUA-SV-OTT-MAN-001 as the Project Quality Plan.
On reviewing this, we find the latest version, dated 22" January 2021, to be titled Ottawa CITADIS
Maintenance Project Quality Plan. The Scope of Application states: “This document applies to all
the maintenance activities for the CITADIS Spirit LRVs according to the second amended and
restated Maintenance Subcontract.”

We were therefore unable to find a Quality Plan that includes the infrastructure in its scope.

The document contains reference to many more detailed processes and procedures, which Alstom
have confirmed they are not prepared to share. The titles of these reference documents suggest
that many are generic processes that would be applicable to both the vehicles and the infrastructure.
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We recommend that the Quality Plan is reviewed and amended to reflect the full scope of the Alstom
contract, adding in the requirements both in the plan and in the library of reference documents
arising from expanding the scope to include infrastructure.

5.3 Maintenance

Using our Heart of Asset Management maturity assessment template, we reviewed the maintenance
information, documentation, processes and asset information.

531 Preventalive Mainlenance

The Asset Management Plan contains a schedule of Preventative Maintenance by Asset. The
schedule contains the frequency of each inspection and a reference to the Work Method Statement
detailing the maintenance tasks. There is also a table of the tolerances within which each
maintenance activity can be performed. An example is shown in Figure 5.2 below.

We were advised that the Asset Management Plan has been compiled from the Project Agreement
and the Maintenance Manuals handed over by OLRTC, but the document does contain the caveat
“Upon availability of the specific OMM manuals, this schedule will be updated to include
manufacturer recommendations and further information regarding maintenance planning for years
2 to 5 for all the systems.” We have seen maintenance manuals for most of the systems so from our
observations during the assessment phase, we do not believe there are any fundamental omissions.

Figure 5.2  Example of the Preventative Maintenance Schedule for TPSS

B-5. Maintenance for TPSS (Traction Power Sub Station)
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Work Method Statements

Each scheduled inspection has an associated Work Method Statement. From our observations
during the assessment phase, these appear reasonably consistent with the Maintenance Manuals,
but we have not undertaken a detailed requirement-by-requirement review to confirm full coverage.

Work Method Statements are separated into sections covering the purpose and scope, resources,
safety and the detailed work procedure. As such they provide a comprehensive reference both for
the technician undertaking the work and for the work planner.

The Resources section includes the required tools and highlights where calibrated equipment is
required. In the People part of the section, the WMS shows the number and competencies of the
staff required.

Figure 5.3 Example Work Method Statement (Resources Section) for Monthly Track Inspection

2 Resources

Estimated Tima
Periodicity

MATERIALS & TQOLS

flash lights
head lamps
gavge reader
feeler gauges .smm, 1mm, 2mm
measuring tape
fining bar i i ;
Rail Head Wear Gauge 3 {ives e TINGA

PEGPLE

Guideway Technicians

Guideway Technicians

The Safety section provides pictographic information on the required PPE and lists the risks and
mitigations associated with the activity. Most of the risks listed are generic risks associated with
working on the guideway. It is questionable whether the impact of these risks is lost by replicating
them in every Work Method Statement.
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Figure 5.4 Example Work Method Statement (Safety Section) for Monthly SER Inspection

3.2 PPE required

AacherfVest

insulation
{058

Section 3 of each WMS also contains environmental considerations and details of who to contact in
an emergency.

Section 5 of the WMS records the documents on which the task list is based so that the requirements
are traceable and WMSs that require updating as a consequence of an update to a feeder document
can be quickly identified.

Figure 5.5  Example Work Method Statement (References Section) for Monthly Track Inspection

& References
5.2 Acronyms and Definitions

5.2 Documents

Befer to the following documents for further information

fAL] ARERMA zoan

{A2] TC May 25 2012

{431 RYGE Mainterance Manual 1zag 30y

[AL) Bust Practives of North American Rafbways {CR)

{Ag] BT Track Safety hupection: Bules Rev I oflag-20ug

In this case, reference [A3] refers to the 12.19.2017 version of the RTGE Maintenance Manual
whereas the latest version of RES-22-0-0000-MAN-0003 is dated 02.05.2019 (albeit at Rev. 0).
Whilst it is unlikely that there will be future versions of this particular manual, we recommend that
Alstom consider establishing a process to ensure that changes to reference documents are
reviewed to determine their impact on Work Method Statements that are based on them.

Section 7 of the Work Method Statement comprises a Control Sheet, showing the issue status of
the document. The Control Sheet includes details of the modifications made at each revision,
making it easy for readers to identify the changes that impact them.
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Overall, we consider that the Work Method Statement format is consistent with best practice and
the process for producing the documents is satisfactory but could be improved in line with our
recommendations.

The tasks listed in the Work Method Statements are based on the information provided by the
Constructor, including guidance from the OEM. In our experience, OEMs do not tailor their
maintenance requirements to the operating context and often have little practical experience of the
performance of their equipment in the field.

Alstom have recognized this and whilst the maintenance manuals make a good starting point and
only now is sufficient experience available to commence a maintenance optimization program, we
recommend that they put in place such a program to review the efficiency and effectiveness of the
Work Method Statements using a formal assessment technique such as RCMII to refine the
maintenance activities and align them to the performance and preservation requirements of the
Project Agreement.

Similarly, the Work Method Statements have not been “industrialized” to remove waste and increase
efficiency and there is an opportunity to use techniques such as LEAN to achieve this.

We recommend that a sample of the inspections are observed during the monitoring phase to
confirm that they are being undertaken fully. The team undertaking monitoring should take copies
of all the open reactive work orders to confirm that the physical state of the asset aligns with the
records.

53.2 Corrective Mainienance

Corrective maintenance is managed by means of service requests and work orders. Corrective work
orders are assigned to assets, but the quality of the assignment is variable, depending on the level
of understanding of the individual creating the work order. Whilst this does not affect the rectification
of the defect, it has an impact later in the asset lifecycle when using the data to make decisions
based on asset reliability and performance.

There is a prioritization system for incoming work (P1 to P4) but no standardized method for
assigning priorities such that rectification can be monitored against pre-determined time scales.

We heard various descriptions of the prioritization hierarchy as: P1 — safety related defects, P2 —
service affecting failures, P3 and P4 other priorities.

Where defects are identified during maintenance, the risk they pose is assessed by the Engineering
group who then instruct a rectification timescale and any mitigation measures. This approach has
several disadvantages, for example:

S The risk is determined by an individual on a given day. Depending on their perception of risk,
the outcome may be overly restrictive or insufficiently robust;

S There is a daily workload placed on engineers who would provide better value by working on
medium and long term policies and processes;
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g There is no advice to technicians on the immediate action required. Where an operational
restriction such as a speed restriction is required to protect the defect, this requirement may
not be identified until several hours later when an engineer has completed their review.

We recommend that the immediate mitigations and remedial timescales for common defects are
defined and made available to technicians.

There is an informal “reinspect or repair” methodology being used whereby the repair timescale for
a defect can be extended if it has been reinspected and not deteriorated. However, we did not see
a robust system for managing this. We recommend that Alstom consider making the extension of
defect rectification timescales by reinspection into a formal process, with an appropriate means to
control compliance and sufficient oversight to avoid the risk of persistent extension without proper
assessment.

Work Method Statements

We were advised that Work Method Statements are being prepared for some common corrective
maintenance tasks. This will be beneficial as it will standardize the repair processes, including
documenting the competence required and the requirement to take any safety critical
measurements prior to restoration to service.

It will also be beneficial in supporting future analysis for maintenance optimization or reliability
improvement by capturing how frequently particular interventions are made.

Good progress is being made on Communications and some created for Power. The signalling
system is well documented by Thales and this information is being formatted into Work Method
Statements.

Fault and incident response

The Article 1.5(f)(v) of the Project Agreement requires that “Project Co shall establish a plan detailing
Project Co’s Maintenance strategy in the event of the failure of any system, equipment or component
of the System. The plan shall include response and repair strategies.” We did not see such a
strategy.

The Article 7(b) of the Project Agreement contains specific requirements for immediate response in
the event of a failure or incident. None of the reports we saw contained analysis of performance
against these requirements.

We recommend that a response and repair strategy is created as required by the Project Agreement
and that suitable reporting is put in place to monitor performance against it.

The network is supported by 24/7 coverage of technicians who can respond to failures and incidents;
however, we are advised that the assessment of some defects can only be done during engineering
hours.

Thales have produced contingency plans to show how to operate trains with particular portions of
line obstructed but there are no equivalent plans for other events such as switch disturbances or
wayside equipment outages.
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The CBTC system includes the concept of Work Zones. Work Zones can be used to protect staff
working on the track by preventing trains from entering a section or restricting the speed of trains.
With the right enabling processes, this function could be used to protect staff during the day, allowing
them to undertake initial diagnosis of failures or disturbances of equipment.

Whilst this could have an operational impact for the duration of the inspection, it enables the
maintenance team to prepare to undertake the remedial task in the next available engineering hours.
If the diagnosis is made to wait until the end of service, it may not be possible to complete the
remedial work the same night, potentially leaving a safety or performance issue in place for a further
service day.

Alstom are in the process of producing troubleshooting guides for some equipment. The guides are
being produced by technicians with experience of real world failures.

Restoration o service

We did not see any evidence of the requirements for restoration to service following a failure or
incident. There are cases where the defect or associated restoration work may disturb or alter asset
set up, for example switch opening and detection, rail stress or height and stagger following
re-erection of OCS. In these cases, safety critical tests, checks or measurements are required
before assets are restored to service or defect mitigations such as speed restrictions or operational
restrictions are removed. We were advised that Engineering are usually involved with restoration to
service but that this is not to a documented procedure.

We recommend that where tests or checks are required following corrective maintenance, these are
detailed in the Work Method Statement for the activity, along with a definition of the competence
required to authorise the restoration of the affected assets to service.

Reliability management

Alstom produce a Monthly Performance Report that includes reliability statistics but there is very
little analysis (see section 5.4.1).

They do, however have their own PowerBl dashboards that provide a greater level of granularity.

Figure 5.6 Analysis of failures by km impact
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The highest impact is caused by LRVs but this total includes corrective work orders for cleaning
issues and so it is not clear which technical systems cause the highest impact.

Figure 5.7 Example drill down of infrastructure failure categories

The vehicle maintenance team have a regular Failure Review Board. A similar process is starting
for infrastructure imminently; however, its effectiveness may be limited by the availability of support
from the OEM. There are further observations on OEM support in section 5.8.2.

Recording of defects corrected on maintenance

We were able to observe how corrective maintenance work orders are analysed to identify reliability
issues. However, we were not able to ascertain that all corrective work is recorded. This issue
potentially arises when remedial work such as reapplying lubrication, tightening of bolts or
reinsertion of track clips is undertaken during preventative inspections.

Completing work such as this supports the inspection result being recorded as “OK” but if no record
is made of the work undertaken, reliability issues that result in frequent corrective activity being
undertaken during inspections may go undetected.

An example of this might be where a safety critical bolted connection is regularly checked and
frequently requires tightening. If this is not recorded, the Engineering team will not be aware of the
loss of torque between inspections. Similarly, if the action of switch heating is drying out slide chair
lubrication, it may be appropriate to increase the frequency of lubrication during the heating season
to mitigate failure.

We recommend that consideration is given to recording corrective activities undertaken during
routine preventative maintenance.
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Spares
There is no comprehensive inventory of required spares. We were advised that there is a warehouse

facility in the BMSF that has the capability to manage spares and consumables using the SAP
system, but that they only hold a subset of the required inventory lines.

When issues are found with not having adequate spares, an assessment is made of the requirement
based on population, turnover and lead time and the required quantity is added to the inventory and
managed by the warehouse. Similarly, some stock lines have been added following a partial review
by the engineering team.

We recommend that a review is undertaken of the requirement for spares and suitable levels of
stock are procured.

Configuration information

The availability and completeness of configuration information is a concern. Where information has
been provided, Alstom have filed this on a SharePoint site and made it available to the engineers
and technicians, however there is no process to make sure that the information in SharePoint
reflects the latest configuration. We recommend that a process be put in place to control the
introduction of configuration changes to the network such that the correct information is available
from the point of the commissioning of the change.

The configuration information in the SharePoint site is limited to manuals and as-built drawings.
There are no copies of firmware or configuration files such as those that might be required to
program replacement hardware or repair a corrupted configuration. We recommend that an
inventory of programmable and configurable systems is created and a controlled storage for
configuration data is established.

Delivery of corrective maintenance

Alstom do not hold a full range of capabilities in house. Activities such as rail stressing and welding
are undertaken by subcontractors. We did not investigate the arrangements for the management of
competence and work quality for tier-2 contractors. We recommend that these arrangements are
investigated during the monitoring phase.

533 Retrofits
Both in our review of the asset preservation measures report and our discussions with members of
the Engineering and Maintenance teams, we have not seen any evidence of planning for future

asset renewals. Whilst the network is still relatively new, we would expect to see some level of
prediction of future renewal activity.

For example, looking at the Track Tracer report (OTT-ENG-REP-055) dated 31/03/2021, we see in
section 3.2.2 that rails on many of the curves have horizontal head wear at or above 50% of the
allowable limit, meaning they are likely to require replacement in the next two years, but we did not
see a plan for this.

We were advised that OCS contact wire wear is measured annually but this is not reported in any
of the asset condition reports.
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There do not appear to be robust arrangements in place to manage obsolescence. Some types of
equipment, particularly items with embedded microprocessors and Commercial-off-the-Shelf
equipment such as CCTV, access control, comms equipment and PC hardware have a very short
life cycle compared to the duration of this contract. Hardware obsolescence may lead to shortages
of spares, necessitating a last time buy. End-of-life for embedded operating systems or other
software may lead to a need to upgrade equipment to retain support for patches for security issues
or for versions that can run on available hardware. Many of these issues will be known by the OEMs
years in advance, allowing time for the appropriate mitigations to be planned.

We recommend that a program of work is started to identify the Asset Preservation Performance
Measures that will be used to plan renewal and replacement. These should then be used to develop
estimated degradation rates and hence the asset renewal cycle. Renewal work can then be levelled
to prevent a bow wave effect.

5.3.4  Backlog

To manage the backlog of maintenance activity, Alstom run a daily “Work Order Backlog Report”.
The report contains an aged summary of the maintenance work that is overdue as shown in Figure
5.8 below.
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Figure 5.8 Work Order Backlog Report
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The report that is shared with the maintenance managers includes details of every work order so
they can drill down to individual missed activities. The current structure of the summary does not
provide an immediate view of the priority of the late work orders. We recommend that the report is
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updated to use the scheduling tolerance to differentiate those work orders where the activity is
missed (beyond the allowable tolerance) and those that are late (beyond the scheduled date but
within tolerance) so that priority can be given to planning and delivering the missed activities.

Similarly, we recommend that the required completion timescales are added to corrective
maintenance work orders so that they can be prioritized and tracked.

During the assessment phase, we were not able to observe how this information is used to manage
the completion and closure of work orders and therefore we recommend that this should be checked
during the monitoring phase.

54 Effectiveness of maintenance management and reporting systems.

We reviewed both the formal reports, submitted in accordance with the Project Agreement and the
internal reports used in routine management of maintenance activity.

We noted that Appendix B article 5.0(c) of the Project agreement requires: “electronic files shall be
compatible with the most recent version of Microsoft Office and be editable”. The files we were
supplied relating to Alstom reports were in Portable Document Format (PDF), meaning that, where
we were supplied tables of data, we had to convert them back to the specified format to analyse
them.

541 Daily Operating Report

The Daily Operating Report provides a flash report of performance on the previous day. It contains
the main parameters such as vehicle km availability and station availability and details the main lost
km events.

90% of the report is taken up with listing open work orders. Whilst it is useful to show those that
were open or closed during the day, it is unlikely that those whose status has not changed are
reviewed daily.

54.2 Monthly Performance Report

The monthly report produced by the RTM team covers performance against the contract parameters
such as lost km and availability
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The report provides a good visualisation of performance but requires drilling down to identify the
causes of issues within the month.

5.4.3  Monthly Reliabllity & Maintainabilily Report

We reviewed the Monthly Reliability & Maintainability Report (OTT-GNR-ENG10-REP-004) dated
01/11/2021.

It was difficult to make sense of the report for the following reasons:

P Each of the infrastructure systems has a Cumulative Operating Hours table. The number of
operating hours each month exceeds the number of elapsed hours in the month, so we
assume the operating hours has a factor representing multiple assets. However, the table
contains identical operating hours for each asset class and so it is not clear how this table is
calculated;

S We did consider that rather than hours, it may be cumulative km, however the figures are too
low and they continue to accumulate, in line with the run rate, during September and October
2021;

o The number of failures appears to be cumulative, however there are cases where the figures
reduce in subsequent months (e.g. for Train Control and Signalling, the figures for May-21
and June-21 are lower than those for April-21); and
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unclear what these figures represent.

Figure 5,10 Example of reliability statistics for Train Control and Signalling

The data tables have rows for “MDBMF [km]”. These figures correlate roughly with a figure
that could be calculated using the cumulative hours table, but they are not identical, so it is
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Even setting aside the potential errors in the figures, the report provides very little in the way of
useful information. There is no explanation of the changes, even at system level. There is no
breakdown to guide the reader to which subsystem is having most impact on reliability. There are
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no targets to show whether the observed reliability is acceptable or not and most importantly, there
is no description of the actions being taken to improve reliability.

544  Yearly Annual Condition Dala Report

We reviewed the Yearly Annual Condition Data Report (OTT-GNR-ENG10-REP-001) dated
14/10/2021.

The first line of section 3.0.1 shows 100% completion of daily inspection work orders. In our
experience, it would be unusual to complete 100% of maintenance, especially a daily task. The RTM
QMS audit on track maintenance (RTM-QMS-FRM-681) confirmed this view. Drilling down into the
full list of completed work orders in Appendix A of the report, we identified that whilst the report
shows 366 completed work orders, there are only 363 daily visual inspection work order records in
the appendix.

More importantly, removing records where more than one daily inspection work order was closed
with the same date, there are only 290 records. It appears that once an inspection has been
completed, all preceding missed work orders are closed as completed.

There is no tolerance shown in section B-4 of the Asset Management Plan for daily inspections;
however, there are 58 cases (16% of the total) where the gap between inspections is 3 or 4 days.

Section 3.0.3 includes 4 work orders for ultrasonic testing but omits to show that the intervals
between these tests was 30, 206 and 9 days.

The 16 reported turnout and crossover inspections masks the fact that this is four guideway sections
and the BMSF and the guideway section inspections were only completed 3 times during the year.
The fourth quarterly inspection is scheduled to be covered during the annual inspection; however,
this is not the way the Work Method Statements are constructed. There is more detail on this issue
in section 5.5.

Section 3.2.2 shows the inspection schedule for Rail Condition but there is no summary of the
findings, description of rail condition or areas of concern. Rail flaw detection is shown as being
carried out a one month and three month intervals but there are no work orders in Appendix B of
the report for rail defects.

Reviewing section 4.0.2, the signalling daily and weekly inspections match the work order table.

There is no information provided on the target number of work orders; the reader would need to
know the number of assets subject to each inspection to calculate this for themselves. Neither is
there a commentary on the level of achievement, issues preventing achievement or areas of
concern on the network.

Appendix B of the report contains a list of corrective work orders. For some asset types, only a
Scheduled date is shown meaning it is not possible to determine the closure timescale for the work
order. Even where a “Changed On” date is included, the reader is not informed as to the expected
timescale for closure meaning it is not possible to determine whether the work was completed within
the required timescale.
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There is no analysis of the corrective work orders highlighting areas of poor reliability or increased
risk. There is no analysis of the response and closure times.

From this snapshot, we conclude that the report is not particularly useful and does not satisfy the
requirement as an asset condition report.

545  APPM Achievement Report
We reviewed the APPM Achievement Report (OTT-GNRENG10-REP-002) dated 28/11/2021.

Section 5.0 of Appendix B of the Project Agreement sets out the requirements for the APPM
Achievement Report:

1. Anannual summary of the Maintenance Services (including routine, preventive, and corrective
maintenance, rehabilitation and asset preservation activities) performed in the preceding year;

2. Methodologies for calculating the Asset Preservation Performance Measures;

3.  Analysis and presentation of the results from the annual data collection program for the Asset
Preservation Performance Measures for all System assets as defined in the Asset
Management Plan;

4. Reporting of the results of surveys; and
5. Reports of the compliance and non-compliances with the APPM, and corrective actions
Achievement of Maintenance Services

Parts of requirement 1 are covered by the Yearly Annual Condition Data Report (see section 5.4.4
of this report) although there is little in the summary other than the numbers of work orders in each
category.

Asset Preservation Performance Measures

The report contains details of some Asset Preservation Performance Measures; however, these are
not directly analogous to the measures in the Project Agreement.

For example, the Project Agreement lists a series of measures in Appendix B, tables 6.5.3 A, BC
and D. The table in section 2.1.1 of the report lists measures that appear to be related to those in
Project Agreement table 6.5.3 D but there is nothing on track structure (6.5.3 A) or rail condition
(6.5.3 B).

The measures in the Signalling (also numbered 2.1.1) and Communication (2.2.1) sections are
maintenance measures, in that if the measured value was out of tolerance, it would be rectified by
an immediate repair or component replacement. There is no identification of obsolescence that may
impact the longevity of hardware or supplier support life that may impact the serviceability of
software.

For Power and OCS (2.3.1), the measure for contact wire covers height and stagger but does not
cover wire wear.
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We recommend that the Asset Preservation Performance Measures are reviewed to (a) bring them
in line with the requirements of the Project Agreement and (b) reflect asset condition and remaining
life as well as performance.

Analysis of collectad dala

The analysis section of the report consists primarily of graphs of the collected data. The commentary
of the graphs is not particularly strong.

For example, the analysis of No. 6 Switch Offset identifies variability in the measurements and states
that it “may have lateral movement, due to the fasteners embedded on wood”. It does not go on to
say whether the ties have ben inspected to identify whether the fasteners are loose and whether
they can be tightened or the ties need to be plugged or replaced. There is a proposed corrective
action to “Check for rail head gauge wear’ but it is not clear from the charts that the offset is
increasing and therefore whether wear is a credible cause of the variability in the measurements.

Similarly, the analysis of No. 8 Switch Offset attributes the measurements that are outside tolerance
as “likely error to due to measurement error, due to the low occurrences over repeated
measurements”. However, given that the lack of robustness of the measurement technique can lead
to erroneous measurements outside of tolerance, the author gives no confidence that those
measurements within tolerance are not also erroneous. The proposed corrective action is to
“Reinforce measurement technique via toolbox talk” whereas a more appropriate action would be
to conduct a Gauge R&R study on the measurement technique. Furthermore, there is noting in the
report to suggest that any action was taken on the out-of-tolerance measure, such as verification of
the readings or remedial action to restore the measurement to tolerance.

In the gauge 5m before point section, the graph shows several tight gauge measurements. It is not
clear which readings are from which turnout and hence whether the variation occurs across time,
site or technician.
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Figure §.11 Chart of gauge measurements showing values below the minimum

Gauge: 5M Before PT

&

The analysis states “The measured data are generally within bounds. No data point has reached
the threshold requiring corrective actions. The data with significant deviation from nominal (i.e.. May
2020) can be attributed to measurement errors as subsequent measurements carried out are
consistently within limits.” Again, there is no evidence of action taken in response to the readings
below the minimum value and no improvement action to eliminate the issue of measurement error.

The Signalling and Communications and TPSS sections consist of long lists of completed
inspections. Where non-conformances have been identified during maintenance, they are listed but
there is no reference to the remedial action.

The Contact Wire section (3.5.2) describes the heights and staggers as having been measured and
all within tolerance but again there is no detail about wire wear that would inform the reader about
sites of high wear or the likely replacement timescale for some or all wire runs.

The section on the Tunnel Ventilation System (3.6.1) is more comprehensive and describes some
areas of concern. The purpose of measuring the frequency as an asset preservation metric is not
clear. Frequency is a function of the balance between generation and demand on the electricity
transmission network rather than anything asset specific. Even where frequency is used for speed
control, it is a function of the speed demand rather than the condition of the fan or motor.

The report states the allowable variation is +/- 1.2Hz whereas the Hydro One limit is +/-0.5Hz. This
may well relate to information from the OEM who has designed the system to operate within a wider
frequency range than the electricity supplier is committed to provide to avoid issues at the fringes
of the tolerance The variability of frequency is impossible to see on a chart plotted to +8.8Hz, -
11.2Hz.
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The section on FDAS (3.6.2) describes an issue identified at St Laurent station on 21/02/2021 but
as of the date of the report nine months later, it is not clear whether this has been resolved.

The commentary on sump pumps, heat trace and tunnel lighting is more useful.

We recommend that the process for the analysis of the collected data and the commentary is
reviewed so that it is more closely aligned with the maintenance actions taken and provides useful
information to the reader.

Reporting the resulls of surveys

The results of surveys are reported as a long list of closed work orders. We recommend that these
are summarised for the purpose of annual reporting.

The report contains an Appendix detailing the measurements made by the Track Tracer.

Taking track gauge as an example, whilst there was no track that breached the gauge value
condemning limit, we noted a substantial portion of track infrastructure that did reaches the red limits
for gauge. There was no explanation as to the cause of this. More worryingly, several sections were
reported to be “close to the condemning limit” without any action being specified. We recommend
that the Asset Preservation Measures are reviewed to prompt remedial action to maintain the assets
such that they do not reach the condemning limits.

Figure .12 Example of track gauge measurements from Track Tracer

West Bound

There are no surveys reported outside the scope of routine maintenance.
Compliance and non-compliances with the APPM, and corective aclions

As reported in section 5.4.4, although the total quantity of completed work orders is provided, there
is no information on the quantity of scheduled work orders to allow an assessment of compliance.
The report contains no analysis of compliance, for example the number of instances of work missed
or undertaken outside of the scheduling tolerance. We recommend that the report contains an
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analysis and commentary on compliance with the APPM, detailing corrective action to address
identified non-compliances.

55 Workorder management
Alstom manage workorders through their own system Global Single Instance (GSI).
551  Assellnveniory

In section 1.1 of the Asset Management Plan, Alstom claim that they were not provided with a
comprehensive asset register. They have, however, examined configuration information and as built
drawings to create their own asset register. This process appears to have been robust and therefore
we believe that the asset register in GSI is satisfactory. We recommend that this is tested further
during the monitoring phase by means of sampling and comparing the asset register against either
as-built records or a physical inspection of some areas of the network.

The asset records have been organized in a location — function — category hierarchy, which mirrors
that in IMIRS for consistency of referencing. The structure of the linear assets mirrors that used by
RTM.

5.5.2  Maintenance Scheduling

Each maintainable area has a Work Plan associated with it. The work plans are currently configured
by the smallest unit of time applicable to the work area. For example, areas requiring monthly
inspection have 12 work orders. Since the Work Method Statements for the 3-monthly maintenance
do not contain the monthly tasks, these tasks are not specified to be performed when the 3-monthly
maintenance is undertaken. Similarly, the monthly and 3-monthly tasks are omitted when the annual
maintenance is scheduled. Alstom has recognized this and is in the process of redefining the work
plans as shown in Table 5.1 below.

Table 5.1  Example of work order planning

Current Method
MM QMM g M M o MM IA
Froposed Method
i M M i M M M M M M M M
G G Q Q
A

The work plans automatically generate work orders for the scheduled preventative maintenance.
Alstom use 12-month planning horizon to be able to see and analyse the plan a year ahead.

In common with many Enterprise Asset Management Systems (EAMS), GSI offers a choice of
scheduling mechanisms including replan on scheduled date and replan on completion date. Alstom
have opted for the first of these, allowing them to keep a consistent maintenance plan at the expense
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of delivering maintenance after less than the prescribed interval if the previous occurrence was late.
We agree that this is the most appropriate methodology for this contract.

GSl is linked to SES, which is the system for the assignment of work orders to individuals using
mobile technology. Each work order includes a “maintenance certificate” which contains a checklist
of all the tasks in the Work Method Statement. In addition, the certificate requires the technician to
record their name and the serial numbers of any calibrated tools used during the activity for
traceability.

The work order contains a link to the Work Method Statement so that the technician always has
access to the latest version. We were advised that technicians are advised by means of a toolbox
talk when the WMS has changed. We recommend that the effectiveness and adherence to this
process be examined during the monitoring phase to confirm that technicians routinely access the
documents and that they are aware of changes to them.

As reported in section 5.4.4, it appears that missed work orders are being closed once a subsequent
inspection has been completed. We recommend that only work orders where the activity has been
genuinely carried out are closed as completed. Where work is not completed, work orders should
be given the status of “missed” or similar.

553 Work order closure

For preventative work orders, a maintenance certificate replicating the task list is completed by the
technician undertaking the work. Completion of the certificate is verified by the supervisor. There is
no evidence that supervisors inspect the work to validate that it has been done correctly and
completely.

Where a task produces a result of “Not OK”, the technician is prompted for a comment. We
understand that these comments are often incomplete, which as well as missing useful information,
can lead to a penalty.

554 Mainlenance records
Where the maintenance activity requires the use of calibrated tools, details of these are recorded
on the maintenance certificate. We observed that it is possible for this information to be extracted

as structured data, thereby enabling all maintenance activity completed using a specific tool to be
traced.

We also observed that where readings or measurements are taken, these can also be extracted.
This facility is used during the creation of the asset condition and APPM reports.

555 interface fo IMRIS

There is a two-way interface between GS| and IMRS; however, there are some limitations, for
example:

g Some work order descriptions and comments are truncated when being passed from GSl to
IMRS; and
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g Only completed work orders are visible in IMRS meaning that RTM do not have sufficient
information to manage maintenance compliance.

We recommend that the specification of the interface between GSI and IMRS is reviewed to confirm
it meets the needs of managing the maintenance of the network.

8.6 Appropriateness of employee

Section 8.0 of the Maintenance and Rehabilitation Plan (RTM-MC-PLN-042) requires that in
performing M&R services on the Confederation Line, RTM and its subcontractors are will ensure
that maintenance staff have appropriate backgrounds and are trained and competent to perform
work in their functional areas. In recruiting maintenance staff, RTM and its subcontractors target
tradespersons with trades qualifications that are appropriate for the work to be performed and
systems to be maintained.

RTM’s Training and Competency Plan (RTM-ADM-PLN-123) contains a competence matrix for RTM
generic safety competencies and the specific technical competencies within the scope of the RTM
delivered maintenance activities.

Section 5.7 of the Training and Competency Plan requires subcontractors to comply with the training
requirements listed in 7.2 of the plan, but it does not specifically require subcontractors to identify
the individual competencies that their staff need and hold.

Alstom have their own competency management system which consists of a role specific
competence matrix with an associated certificate for each individual stating what they are and aren’t
competent to undertake. There is also an annual competency conversation held between managers,
supervisors and technicians where personal development plans for competencies which are
required but missing are agreed.
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Figure 5,13 Examples of Compelency Assessment Form
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We noted that two versions of the individual competence assessment documents exist, but Alstom
management stated that individuals would be transitioning to the newest version as and when their
next annual competence assessment took place.

The competence assessment does not contain any specific “last line of defence” competencies such
as releasing vehicles for service, removing temporary speed restrictions or restoring signalling
equipment to service.

56.2  Training

Some training has been procured by training suppliers and external bodies but much of the training
received by Alstom technicians is delivered in house, generally by the Engineering department.
Training includes general technician training and specific programs covering packages of Work
Method Statements.

Section 9 of the Training and Competence Plan includes a methodology for reviewing both students
and trainers but this is not mandated on the subcontractors. We were not advised of any
requirements on those making the competence assessment judgements. A formal training and
assessment competence should also be considered for those making the competence decisions on
their people to ensure that they are qualified to make these judgements and decisions.

58.3  Experience

We also noted that there is a lack of experience in some areas of the maintenance organisation.
Alstom delivered activities which are specific to rail, recruitment of experienced staff has been more
challenging. Staff retention was also stated to be difficult with competition from high-tech industries
in the Ottawa area.

564 Cualifications

We were advised that a proportion of the team have been recruited from overseas. These staff are
often well qualified, in some cases to PhD. Level. Whilst these staff have can gain a good
understanding of the working of systems, they may not have the aptitude to undertake physical work.

57 Appropriateness of maintenance organization;
5.7.1 Staffing levels

Alstom have built their organization based on the assumptions that were included in the original
tender. We were shown examples of a workload and staffing assessment model; however, this is
an internal Alstom document that they were not prepared to share.

The assessment is carried out by the operations department, based on the crew size and duration
for maintenance activities provided by the engineering department in the Work Method Statements,
the frequency of the activities and the number of assets to which they apply. The assessment
currently only includes planned maintenance and not an estimate for corrective work.
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Crucially, in its current state, the model only assesses the necessary “time on tools” and does not
contain productivity factors such as travel, breaks or site set up time. Without an assessment of
these parameters, the model cannot be credibly used to calculate the required size of the workforce.

5.7.2  Shiff coverage

During the assessment phase, we were unable to gain a comprehensive understanding of the level
of shift coverage that is being achieved. Anecdotally we were advised that there are issues with
sufficient staff being available to cover shifts but we were not able to find any aggregated
performance reporting on this issue.

5.7.3  Supervision/oversight

The role of the supervisor appears to be more administrative than technical. In our discussions we
were told the supervisors run start and end of shift briefings and sign off work orders. Whilst there
is generally a vehicle supervisor on each shift, infrastructure supervision is drawn from a pool of
supervisors with skills in one of the discipline areas. Whilst this does not necessarily impact
negatively on the way the shifts currently work, it does leave the question of how the supervision of
the individual disciplines works.

We did not observe the process firsthand as part of the assessment phase and we did not interview
any staff at this level, but it appears that the supervisory sign off of work orders simply verifies that
all of the task activities have been ticked off as complete. As the supervisors are primarily office
based, they do not undertake checks of the work.

From what we could see, there is no responsibility for the quality of the work or the competence of
the staff at supervisory level. We would expect that junior management responsibility for delivery of
the work starts at this level. In our experience, we consider that the role of the supervisor would
include:

S First line management of staff, including shift cover, leave, sickness, training, discipline etc.;
> Deployment of staff to deliver work orders;

S Management of work orders for the discipline, including backlog;

B Asset inspection to validate the quality of work and overall asset condition;

- Direct observation of staff undertaking work to verify competence;

S Undertaking formal competence assessments;

B Briefing of staff on new and changed processes and procedures; and

» Undertaking level 1 self-assurance to satisfy themselves that they are meeting all the
requirements of the Asset Management Plan, Maintenance and Rehabilitation Plan and other
processes and procedures.

In other words, we would expect to see one individual with day-to-day responsibility for the delivery
and quality of maintenance for a given discipline and the staff who undertake it.

We recommend that RTM and Alstom review where this responsibility lies and how it is discharged.
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5.8 Support departments (Engineering, sourcing, ete.)
5.8.1 Engineering

Alstom have established an engineering team to support the project. The team is led by a
Maintenance Engineering Manager and has systems engineers for each discipline; tunnel
ventilation, traction power, overhead catenary, track and signalling and comms.

The team is responsible for defining maintenance standards, including preventative maintenance,
corrective maintenance and one off campaigns and checks. They are also responsible for materials.
The engineering team deliver some training to front line staff and undertake safety investigations.
Engineering produced the initial technician competence record forms although these are to be
replaced by a system developed by the operations part of the maintenance organisation.

As described in section 5.3.1, the Work Method Statements for preventative maintenance are
comprehensive and have been regularly updated. We did not see any Work Method Statements for
corrective tasks but these are being developed to the same format.

As described in our observations on the Asset Management Plans, the asset management approach
is very much based on inspection and rectification. There are no whole lifecycle plans for assets
that include both routine maintenance and longer term overhaul and replacement. There are no
asset specific approaches such as a rail management plan covering routine inspection, defect
rectification, proactive wear and profile management. Similarly, there are no plans for risks such as
hot weather. We have made recommendations on these elsewhere in the report, but we would
expect the engineering department to take the lead on these types of issues.

We understand that the engineering department is quite involved in day-to-day activities such as
prioritizing and classifying defects, producing risk assessments and validating completed work.
Whilst there may be insufficient confidence in the maintenance technicians and supervisors to allow
them to carry these out, we recommend that the engineering department invest some time in
codifying their decisions to provide guidance and standards to the maintenance technicians to allow
routine decisions to be delegated to them.

During the assessment, we did not review the competence requirements for the engineering team.
We recommend that this is reviewed during the monitoring phase, including areas such as the level
of professional qualifications required by the job descriptions to the individual competence and
experience requirements for each role in the team.

From what we could ascertain, the maintenance instructions have been updated as a result of
lessons learnt and feedback either on reliability issues or from the maintenance staff. This is an
important source of updates but we did not confirm that other sources of update are proactively
reviewed. In a mature organisation, standards updates could be triggered from a number of sources
such as level 2 and 3 assurance as described in section 8.1, technology change, legislative or
regulatory change or waivers and concessions.

In particular, there is no formal process for the engineering team to spend time of the infrastructure
verifying that the outcomes of the standards they have written are as the expect and to validate that
they meet the requirements of the contract.
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At Network Rail, we have a process of Engineering Verification (NR/L2/RSE/070) whereby members
of the Technical Authority (the Engineering function within the Safety, Technical and Engineering
Directorate) undertake planned site visits verify how well our control processes work by physically
inspecting infrastructure assets, at all stages of their life, to check that they:

B comply with standards;

S are free from defects or problems which may affect the safety of the line, even if the assets
comply with standards;

B are in a condition consistent with asset records; and

- are in the condition that would be expected from the inspections carried out and the work
recorded as being needed in work databases.

It is additional to other assurance processes such as audit or regular process checks,
complementing them by:

S being focussed on the physical state of the asset, such as the reliability and integrity of the
asset, as well as whether it complies with standards;

S looking at the wider safety picture; and
> assessing whether standards are appropriate.

The process was put in place following a fatal accident at Grayrigg in 2007 because the report
produced by the Rail Accident Investigation Branch identified that “the audits that were performed
did not detect the inconsistencies in the documented maintenance regime and its practice.” In other
words, whilst the assurance process managed compliance with standards, there was no process to
confirm that they and their application were delivering the desired outcomes.

We recommend that Alstom consider an engineering verification process whereby the engineering
team validate the output of their standards against the outcomes required by the project.

582 OEM support

The arrangements for OEM support for systems are incomplete. Support is available from major
suppliers such as Thales but other systems such as access control have no such arrangements in
place.

We did not investigate details of the support contracts. We recommend that RTM confirm the
arrangements are sufficiently comprehensive and cover areas such as:

o Technical support — support to rectify failures or reliability issues, with appropriate in-
hours/out-of-hours response time;

P Obsolescence management — proactive identification of parts and product lines with reducing
availability;

S Repairs — schedule of rates for repair of faulty parts to avoid the risk of one-off prices for
repairs;
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g Training and/or training material — provision of technical training or production and updating
of training material to allow internal training to be delivered; and

S Software updates — provision of software updates to mitigate reliability or security issues.

58 Adeguacy of tools and equipment

During the assessment phase we did not spend any time on site with the staff. From our desktop
review of documents and discussions with the team, we can see that the tools and equipment
required for each maintenance task are documented. Where measurements are made using
calibrated tools, we confirmed from a sample of work orders that the tools had been available. The
method of managing records of tools and equipment used for critical measurements allows for
traceability. We did not undertake a check of calibrated equipment but, notwithstanding questions
of the scope of the document and that fact we were unable to see the detailed appendices (see
section 5.2), the Maintenance Project Quality Plan (QUA-SV-OTTMAN-001) does seek to control
this issue.

510  Adequacy of QAIQC processes

RTM manage and undertake audits of the infrastructure maintenance. Audits are planned and
executed in accordance with section 9.2 of the Quality Manual (RTG-04-0-0000-QMS-0001).

Figure 514 2021 Quality Audit Plan

We reviewed some examples of audit reports and found them to be well organised and well recorded.
However, we have made two observations about this part of the overall assurance process.

Firstly, the audits are process based in that they focus on documentation and records. It is important
to audit these areas, as without proper documentation it would be hard to control the maintenance
process and without good records, impossible to demonstrate that it had been completed. The
current audit process lacks any assurance that the documented processes are embedded and being
followed in practice.
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Secondly, the non-conformances are focussed on correcting the issue as found and could be
expanded to look at correcting the root cause. For example, in audit report RTM-QMS-FRM-681
(Track Maintenance - Sub-Contractor: Alstom) there are multiple case where maintenance was
found to have not been completed in line with the maintenance schedule. In each case, the
corrective action is “inspections shall be conducted as scheduled in the Maintenance Plan” or similar.
There is an opportunity to identify whether there is a robust way to identify missed maintenance,
who is aware of it and what is done about it so that this risk can be properly controlled.

We recommend that, in line with section 10.2.2 of the Quality Plan, auditors require auditees to
determine the root cause of non-conformance and put in place actions to correct it.

Alstom state that they use a 3P (People, Parts, Process) assurance system but did not present any
evidence of this being routine. A typical 3P was described as checking that the correct WMS was
used with the right tools, calibrated equipment and recording any improvements that could be made.

We have made further observations on the assurance framework in section 8.1.
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6. Facilities

6.1 Asset Management Plan

The purpose and context of maintenance is set out in the RTM 2021 Station Facilities Systems
Asset Management Plan (AMP). The current published version is Revision 1.

The Asset Management Plan for Facilities is structured in the same format as those for other assets.
We have included some comments that apply to all plans in section 3.1.

During this assessment, we have not reviewed every reference document in detail, but we have
referred to some of them in drawing our conclusions about the completeness of the Asset
Management Plan.

The scope of the AMP is noted as applicable to all conveying systems, plumbing systems, HVAC
systems, fire protections systems, electrical systems, integrated artwork, Light Rail Vehicle Wash
facility and MSF facility. This sits in line with the requirements laid out in table 5.2 of Appendix B of
the LRT Project Agreement.

Our review of the AMP found it adequately listed the requirement for an accurate asset management
database as per the Project Agreement, with assets listed individually to allow faults to be assigned
to a particular asset. The AMP lists the systems that require preventative and corrective
maintenance, as well as outlining which systems require specialist contractors. Due to the time-
constraints for this assessment we were unable {o verify the accuracy of the data, we recommend
that this task is included in any future monitoring.

Section 11 — Risk Management & Mitigation Measures outlines the requirement for all technicians
and sub-contractors to be competent to carry out the task but does not contain detail on risk
mitigation measures which would be important to include, particularly for high-risk assets. As
mentioned in Section 6.4 Effectiveness of Maintenance Management and Reporting Systems of this
report, we recommend that details of where Risk Assessments or Risk Mitigation Plans can be
located is recorded within this section of the AMP.

The AMP notes a desire to understand the expected condition performance of the asset and a 5-
year asset preservation plan however the AMP is vague on the details of how this is to be achieved.
Recommendations relating to renewals and asset performance are discussed further in Section
6.3.3 of this report.

Given the extreme temperature variations throughout the year in Ottawa, specialist maintenance
requirements are needed to keep the stations safe for public use all year round. The need for a
winter management plan is known and listed within the Project Agreement as a requirement to keep
the buildings facilities accessible and free from snow. In line with this requirement RTM does have
a winter management plan with a team of contractors brought in over the winter period to clear the
snow.

Due to the consistent low temperatures the snow requires transporting away when removed. For
some stations transporting this snow to street level can be a logistical problem that is resolved locally
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within the shovelling teams. These are listed in the Winter Management Plan but not referenced in
the AMP

Certain assets such as the elevators and escalators can be required to be taken out of service to
allow maintenance activities to be carried out. This has affects accessibility for passengers that
needs to be strategically managed to maintain the accessibility of the station. It was observed that
some stations have multiple exits whilst some stations have one escalator for going up and one for
going down. There is the potential to redirect passengers as necessary if one escalator is out of
service for a period. Where the maintenance of assets may affect the accessibility of the station,
this should be recorded in the asset management plan with the necessary mitigation process
detailed on how passengers are to be re-directed. We recommend that the AMP be updated to list
assets that could affect accessibility with detail recorded on how the passengers are to be re-
directed during this period of maintenance.

8.2 Guality Plans

RTM has produced a Quality Manual (document ref: RTG-04-0-0000—QMS-001) that oversees the
quality management system for the network. The document itself provides a high-level overview of
governance requirements with little detail into Buildings Facilities specific quality management.
References are made to other documents in relation to asset specific quality plans.

Quality Management for Buildings Facilities is mentioned in the Section 4.1 of the AMP but links to
the Maintenance and Rehabilitation Plan. Our review of the Maintenance and Rehabilitation Plan
found no asset specific reference for quality management of maintenance undertaken.

We recommend that a Buildings Facilities specific Quality Plan is produced outlining the assurance
required and procedure for signing off work items for each system.

6.3 Maintenance

The Maintenance and Rehabilitation Plan (document reference: RTM-MC-PLN-042) outlines the
contractor responsible for maintenance and rehabilitation for each Asset. For Buildings, all
maintenance and rehabilitation works are the responsibility of RTM. For Non-specialist facilities
maintenance, RTM has a team of in-house technicians that are trained to complete these
preventative and corrective maintenance tasks. All specialist maintenance activities (structural
inspection, elevator, escalator, fire safety systems, building automation systems and HVAC) are
outsourced to specialist sub-contractors.

A list of maintenance activities that require specialist contractors is listed in Section 5.8 of the
Maintenance and Rehabilitation Plan, however this list is noted as not definitive. Further detail for
the systems that require specialist contractors is listed in Section 6 of the Asset Management Plan
with a description of the system and timescales between inspections also recorded. We recommend
that all specialist maintenance activities be recorded within the Maintenance and Rehabilitation Plan
to align with the activities noted in Section 6 of the Asset Management Plan.
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As this was a relatively short review, the assessment was not able to formally examine the efficiency
and effectiveness of individual work activities and consisted of interviews with the relevant members
of staff, observation of process, reporting and compliance.

§.3.1 Freveniative Maintenance

Depending on the complexity of the task, Preventative Maintenance is carried out by either specialist
contractors or by RTM’s internal Facilities Maintenance Team. Preventative Maintenance tasks are
recorded in the Asset Management database IMIRS for all tasks including items for specialist sub-
contractors, with an explanation of the task and compliance period for the task to be completed
recorded in the system.

Sub-contractors are provided with an annual yearly preventative maintenance list, with any
recommendations for changes reliant the competence and advice from the sub-contractor. Changes
are agreed locally, with no specific issues were raised during our assessment.

Specialist tasks are completed by sub-contractors that are competent toc carry out the task. Section
1.2.2 of the AMP outlines the systems that require preventative and corrective maintenance with
the requirement based on regulatory need.

Completion of these tasks is monitored through a mixture of daily operating reports submitted by
the Facilities Maintenance Supervisor and through the daily update meetings held with the City.

632 Correclive Maintenance

Corrective Maintenance is issued when a Service Request is created within the Maintenance
database after a fault has been called into the faulting hotline. The hotline is operated 24 hours a
day in line with the requirement of the Project Agreement so faults can be attended in the necessary
timescales. Once the fault is recorded in the system the Facilities Maintenance Supervisors receives
notification on their phone of the fault and will be required to respond within the allocated timescale.
The Facilities Manager is also notified of the fault and can track the status of the fault through the
IMIRS System.

At the end of every shift the Facilities Maintenance Supervisor submits a daily operating report to
the Facilities Manager detailing the work undertaken by their team during the shift, including whether
the Work Order has been completed or is still awaiting completion. This information in this report is
then used to update the City in the daily operating meeting. This process is documented in section
2.1 of the Asset Management Plan.

6.3.3 Retirofits

As per the Project Agreement, at the end of the contract RTM are required to hand back the facilities
in the same condition as when they first took on the maintenance responsibility. As such the renewal
of life-expired or failing assets is going to take on vital importance over the contract life cycle, with
an increased level of focus over the coming years.

As the network has only been in service for two years, the plan for renewals within the Buildings
portfolio is only in its early development stages. During our assessment, we were shown the early
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development of a renewals plan spanning over the 30-year contract length. Assets were listed within
the plan with estimated dates of renewal based on life expectancy and historical experiences.

We found little evidence of a documented approach to the renewal of assets. The process for
estimating the renewal dates was taken trough local knowledge with no definition into the type of
intervention required for the renewal (i.e. full renewal of the asset or localised replacement of asset
parts). Forecast costs were estimated at a very high level, with no breakdown into the cost build up
and as a result will contain a high level of risk to achieving the cost. To achieve more accurate cost
forecasts, renewals will need to be remitted early with commercial and engineering support to
understand the most efficient delivery strategy.

Utilising asset data to forecast the intervention point is a vital part of asset management as this
allows for forward planning based on real-life condition. Early interventions or localised repairs can
be planned to spread the costs and reduce the likelihood of a bow-wave of renewals being required
over a short period. As the network was only recently constructed, there is a high risk of assets
becoming due for renewal around the same time, creating this bow wave. A planned renewal
strategy is created could mitigate this.

Whilst a 30-year renewals strategy has been created, the ability to plan renewals beyond a 5-year
period is extremely difficult. Assets can fail unexpectedly and costs for some projects can exceed
forecast amounts, putting pressure on yearly budgets and lead to the deferral of some schemes.
We recommend that RTM begin to plan their delivery strategy for the renewal of assets, with
intervention points defined and the process for renewing assets referenced in the AMP and
documented in the Maintenance and Rehabilitation Plan. The type of intervention should also be
considered, whether that be a full renewal of targeted repairs, dependant on the asset condition
reports and most efficient delivery methods.

6.34 Backlog

Yearly audits by the HSQE team identify if any works in the past year required as part of the Project
Agreement are outstanding. Our review of the most recent audit reports for the year 2021 found that
there were no outstanding work items that had not met the requirements of the Project Agreement.

We were provided with records for the raised preventative and corrective work items raised in the
past 24 months, an example of these records is shown below:
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Figure 6.1 Extract of Prevenialive work lems
Appendix A: Infrastructure Preventive Service Order
TPSE Praventive Malotenance Wink Orders
eder Type | Grdey Fungtionel Loc, Uascription Sehed. s1art Astual start | Sysfem stalus
Preventive | BOB3647% | OTTIETRO) iF SPRING 3LIB CON TRSS HVAL ISP WRI-UT-23 | V0S| Completed
Preventive | BORIITIL | OTTIETROL I FALL SUB £OM TRSS HVAL INSE I0212:0 | 2MIGITML | Complated
Preventive | GIOSBEAZ | OTTIETPOLFCLTY | AN FDAS TROL-I0 (NSPECTION FOLUEE3 | MRI0S3) | tompleted
Prevertive | EORIBIAY | OTTIE-TROLELLTY | AW FDAS TPOL-10 DISPESTION WALNEE3 | 304629 | Dooplsted
Proventive | BOVSVS3Z | OTTIETROLFCLTY | F 18 FDAS TPOL-10 DIPESTION AR | OIN0218 | Tompleted
Preesntive | 60481233 | CTTIRTPULPLATY | IF G SUR CUN TPSE HVAL INSR 20300514 | 30000534 | Tompletent
Freveotive | 60893413 | OTTISTRNLFCLTY | IF 1Y SOAS TROL CONCERSICH JUIL06-30 | 20018702 | Completes
F IV FIPAS 1901 CONTAINRIENT
Proventive | BUSEIMED | OTTIRTPOL-PCLTY | CONCESSION 20T | 20218901 | Completed
Froventve | BOS937H2 | OTTIFTPULFCITY | IF GM EYEWASH STATION REFHL 20301338 | 30003133 | Completent
Proventive | BU603272 | OTTRTPOLFCLTY | IF 30 FOAS TR DNSPECTION HRLOLI0 | 202140016 | Completed
Praventive BORNIRENZ QITIETPRL-POATY | IF 3N FUAS TPOL INSPECTION 20210020 | 202348636 | Lompletad
proventive | BOTIZASE | OTTIETPOLECLYY | I 30 FDAS TPOL-20 INSPECTION FRIBLIA L 0121 | Complated
Proventive | BOBUARED | OTTIRTPQLFCLTY | IF 1M FDAS TPRL-10 INSPECTION JRL0%-22 | 20210319 | Completed
Proventive | BOBTE7AS | OTTIETFQLECLTY | IF 1M FDRS TPOL-10 ISPECTION IRE-12:75 | 20301238 | Completed
Preventive | EOVIORSE | OTTIFTPOLECLIY | IF 1Y FDAS TPSSE INSPELTION 0210904 | 00842 | Compluted
Pravertive EDEITHLR CTTIETROL-FILTY | IF 208 FRAS TROT IRSREDTION 2021830 | 3R1-04-3% | Completed
Provertive | EOS0769 | DTTIE-TROL-FLUTY | IF AW FDAG TROL-I0 NSPECTION IOAFI0-22 | FN0-A0-22 | Compluted

All work items registered in the system were listed as Completed. With preventative maintenance it
is unclear how it is recorded if a cyclical maintenance task is missed and then completed on its next
scheduled date. It would appear from the records that all work items are signed off a completed.
The problem with this is that it does not highlight the number of missed tasks. If these missed tasks
were recorded then over time this could highlight trends causing issues, for example access issues.
Equally if the original task is missed, there is a potential risk to the asset that remains unknown until
the task is completed, be that the original task or its next scheduled date. It is vitally important that
any risks are understood, with mitigations put in place if necessary.

8.4 Effectiveness of maintenance management and reporting systems.

From interviewing individuals, we observed that RTM have an effective local facility reporting
structure that allows for faults to be tracked and updates provided to the Facilities Manager that can
be used to inform the City in the daily update meetings. New faults are investigated for root cause
with contingency plans put in place to mitigate against future risk. These contingency plans rely on
previous experience and are not recorded in the Maintenance and Rehabilitation Plan. We
recommend that Risk Mitigation plans for high-risk assets are recorded or linked to in the
Maintenance and Rehabilitation Plan with reference in the Asset Management Plan

We were given a run-through of the maintenance management system IMIRS with a step-by-step
explanation of how the process works. Each asset has its own profile with information on the asset
and a list of historical faults. Due to time constraints, we were unable to verify the accuracy of the
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information in the system and the quality of the information input. We recommend that a technical
audit be carried out to confirm the asset data and the detail of the information input into the system.

Maintenance that required specialist contractors was identified with the requirements tracked as

Work ltems in IMIRS.

As part of the assessment, we were given a run through of the current report structure for the
Buildings facilities maintenance. Currently RTM report to the City on a percentage available format
account for all Buildings facilities over a monthly period. This scoring works on the format that if part
of a station is closed off, this would reduce the availability achieved percentage for the month. There
is a monthly target of 98% that is required, evidence was shown of the reporting format with RTM
achieving their target each month this year.

Figure 8.2 Exdract from Daily Operating Report Dated 11/29/21

Station Availability - Peak Periods

Metric

Group 1

0.00%|

Group 2

.06 |

Group 3

{30085

Aggregate®

Day

D00%

Contractia! Svaiability Ratio

Schedutad Station MHours G ¢.00 .83 i
Sration Swadabifivy Pallues Hours {3,033 .04 £33 .04
MPLT Station Svaiiability Padure Houry ele e g4 iR TR

* i Jaily Apgregote ratios ore welghied By Srelios Broug in the some way o3 the smdethly cofcadotion i B Srfedule 20
ISR . L ? 3 4

Other reporting requirements for the Buildings team is listed in the extract from Section 2.1 of the

Asset Management Plan below:
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Figure 6.3  Reporting Regquirements listed in the AMP

Streamn | Beport Responsibifity Freguency | Due Dats
Daily Opersting Report BT Daily At lmast {3} hours

prioy to the
morping meeting

Muonthly Activity Beport | BT Quarterdy | 7 days after each
compisted
#A5C Monthly Reliabilivy RTxA Guarterdy | quarter
% Maintainghilily Report
Asset Management RT&d Armually erember 31
update
Annual APPM BTa4 Annually | November 30
o Achigvement Repart
b Structure Congfition Uate | RTM Annually | Septermber 30
g
€ Faufities Corfition Data | RTM {Electrical, Mechanicat B | Annually
2 Fire Protection systems onlyl
(Other Assets Classes Other Sructure Assels - BTM | Annually
Condition Data [trainage & Sedimsniation

Cortrod Structure -
Subrcatracior

Mechanical Systems - RTM
Flectrical Cormponants - BT
Firg/Life/Safety - RTH

MSC System Asset R it Anally
inveniory
As Built Brawings R Annually

{SMructurst Compongnts}

These reporting requirements are in line with Schedule 15-3 of the Project Agreement.
Documentation relevant to each reporting requirement was observed apart from the Annual APPM
Achievement Report as this was not provided as part of this assessment.

The IMIRS system has the capability of providing a monthly breakdown of number of asset failures
and service requests produced per asset. This information could be utilised to identify problematic
assets and to monitor high risk assets. Visibility in trends of asset failure could also be identified,
allowing for early interventions and to plan future maintenance schedules if observed achieving the
goal stated in the Asset Management Plan (Section 14 - Expected Condition Performance of the
Asset).

6.5 Workorder management

During our assessment, we were shown how work orders are currently managed. Work orders are
managed through RTM’s IMIRS maintenance management system. Both Preventative and
Corrective maintenance tasks are created in the system and assigned to the necessary asset, with
a basic remit and target completion dates in line with the Project Agreement. The IMIRS system has
a dashboard that allows for outstanding maintenance activities to be highlighted. Assets with the
highest number of reported faults are also visible in the dashboard. This information can used to
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highlight when assets are close to reaching a larger intervention point or assets that may require
are more detailed preventative maintenance schedule.

Updates on the status of maintenance activities are also reported by the Facilities Maintenance
Supervisor to the Facilities Maintenance Manager at the end of each shift with a handover period
between shifts to make sure that activities are not missed or left outstanding. This reporting gives
the Facilities Manager visibility of the status of maintenance activities allowing for them to focus on
troublesome items and plan activities accordingly.

The data from the IMIRS system is used by RTM to report in the daily operating meeting.
Outstanding work orders that have missed their target completion deadline and high-risk activities
are discussed at this meeting, to make sure that there is an action plan to complete the works.

6.6 Appropriateness of employes:
861 Training

The RTM Training and Competence Plan (RTM-ADM-PLN-123) outlines the training requirements
for all RTM staff, including training requirements dependant on the role. Section 7.13 outlines the
training requirement of Maintenance staff. This gives an example of the types of training that could
be required by a member of the maintenance team but does not list role or task specific requirements.
A Training Matrix is also held by RTM recording the training each employee has undertaken.

Section 7.13 of the Training and Competence Plan also specifies the need for a performance
assessment to be carried out at 6- and 18-month intervals as an assurance check to make sure that
staff are still competent to carry out the task. We were unable observe an assessment to confirm to
how performance assessments are being carried out, we recommend that these reviews are
sampled during the monitoring phase.

Training records for RTM employees were held within the HSQE team. The competency for
specialist activities required either faith in the sub-contractors own competency management or the
capability of checking the relevant professional body for the certified member. We recommend that
requirements for competence management are included in the facilities subcontracts to provide
assurance that appropriately trained and qualified staff are being deployed to work on the network.

8.6.2  Experience

Due to the limited timescale for the assessment, we were unable to interview every member of staff
listed in the organisation chart to make an assessment on levels of experience. Where we were
unable to spend time with particular individuals, an overview was given by the Facilities Manager.

Members of staff in senior roles were found to have a high level of knowledge on the maintenance
requirements with their experience of the network giving them an understanding of the high risk and
problematic assets. The Facilities Manager had a detailed understanding of maintenance activities,
which activities require specialist contractors and was kept up to date on the condition of the facilities
and status of the Work Items through daily reports. It was mentioned that Facilities Maintenance
Supervisors were promoted into their roles based on competence and experience in the technician
role, thus giving them the skills required to supervise maintenance activities. No issues with
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maintenance activities were highlighted during our assessment to suggest that there was an issue
with the levels of experience within the facilities maintenance staff members, however monitoring
would be required in future to confirm this.

It is worth highlighting that the Facilities Maintenance Supervisor role is a key role within the asset
management process. This role acts as the link between the on-site task completion and reporting
to the City. The role is ultimately responsible for making sure that tasks are completed to the required
standard and for signing off to say that the asset is maintained to a steady-state level. For
maintenance activities that require specialist sub-contractors, assurance that the work is completed
to the necessary standard lies with the sub-contractor. As the competency to confirm this does not
lie within RTM there is a risk to the standard of these works.

For the entry level roles, non-qualified staff were employed and then trained up through a mixture
of training and learning on the job under supervision. Currently no standardised training or
apprentice scheme exists for entry level roles within RTM. This approach would allow for a
consistent level of training and experience for new employees and would allow for the competence
of new employees to be monitored through assessment and training plans produced if necessary.

6.8.3 Qualifications

Section 3 of the AMP (Scope and Obligations) lists a levels-based system for activities based on
the complexity/qualification required to carry out the task. This levels-based system shows that RTM
understands the need to manage the qualification when planning works.

We did not validate the qualifications of all staff members involved in the buildings facilities
maintenance team. RTM has a Training and Competency Plan (RTM-ADM-PLN-123) that lists out
the expected competencies and qualification for each role. From our interviews it is apparent that at
entry level, staff members are not expected to hold technical qualifications, with a mixture of on-the-
job supervision and training provided to bring them up to the required standard. The Facilities
Manager had detailed understanding of the maintenance activities and the qualifications required to
carry out the task.

Records of qualifications are held within the HSQE team. Gaps in training and competence are
identified by the HSQE team with the requirement for the individual to complete the necessary
training.

8.7 Appropriatensss of maintenance organization;
8.7.1  Stafling levels

Section 13.3 of the Maintenance and Rehabilitation Plan lists the number of staff within RTM’s
Facilities Maintenance department. This consists of:

P 1 x Facilities Maintenance Manager
S 4 x Facilities Maintenance Supervisor

B 6 x Facilities Maintenance Technician
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g 1 x Fire and Life Systems Specialist
S 1 x Millwright
> 1 x Facilities Coordinator

All posts were filled at the time of the assessment apart from the Fire and Life Systems Specialist.
The Facilities Maintenance Manager explained that this position was not going to be filled, with the
requirements of the role undertaken by the Facilities Maintenance Technicians. The process for
undertaking the Fire Systems and Life Systems Specialist role is not captured in the Asset
Management Plan.

During the winter period, RTM employs a team of Snow and Ice removal contractors. This is listed
as a team of 10 seasonal employees. During interviews it was explained that these workers are
employed from recruitment agency and there has been difficulty in retaining contractors for the
necessary period, with contractors not turning up for work an issue. Competition from external
industries has also become a problem, whilst in previous years RTM have managed to reach their
required team quota, as of the end of November 2021 there is still an on-going recruitment process
for the upcoming winter period.

8.7.2  Shift coverage

As per the requirements of the Project Agreement, RTM is required to provide 24/7 coverage or
response to maintenance issues. The organisational structure of the Buildings team has been
developed to meet these needs.

The Facilities Manager is on shift Monday-Friday during daytime hours and is contactable out of
hours and at weekends. This is a local arrangement and is not documented as a requirement in the
Maintenance and Rehabilitation plan.

A Facilities Maintenance Supervisor and two Facilities Maintenance Technicians are always on shift
to meet the 24/7 coverage requirements. We observed evidence from reports that RTM regularly
meets its expected response timescales and therefore appears to be sufficiently resourced to meet
their requirements. Where Maintenance is carried out by the RTM technicians it is the responsibility
of the Facility Maintenance Supervisor to assure that maintenance activities are completed to the
necessary standard.

8.7.3 Supervisionfoversight

Supervision of maintenance activities currently relies on the Facilities Maintenance Supervisor.
Tasks are signed off as completed by the Facilities Maintenance Supervisor and as the last checker,
they are relied upon to as a single layer of assurance. The role is required to provide a daily report
to the Facilities Manager providing information on the activities completed, highlighting any issues,
and providing photographs alongside the text. Due to time constraints, we were unable to verify the
level of supervision provided for each task. It is recommended that this forms part of the scope for
future monitoring.

A yearly audit is also carried out by the HSQE team to review if maintenance targets are being met
in line with the Project Agreement, however this does not focus on the quality of the work.
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Having the Buildings team managed internally is an advantage to RTM as it allows them greater
control over the quality and prioritisation of works. Whilst no concerns were noted, if there were
concerns over the quality of work this can be investigated transparently internally allowing for a
faster and accurate resolution. Reactive maintenance can be arranged quickly with the management
roles kept up to date through local updates and reporting. This can then be fed back to the City
through the daily operating meetings.

Whilst currently there is little internal assurance, during interviews with the Performance Manager it
was explained that there is a desire to develop an internal assurance function within RTM. This role
is anticipated to be the responsibility of the Performance Manager, however currently there is a
greater focus on reactive maintenance with little time o develop this function.

As discussed in Section 6.3.3 — Retrofits of this report, future oversight planning should also focus
on the development of a renewals management programme. As time goes on the focus on renewals
is only going to increase and will eventually carry similar levels of importance and responsibility as
the maintenance programme. In developing a renewals management structure early, RTM will be
able to spread renewal costs and foresee the potential for early interventions helping to reduce costs.

£.8 Support departments (Engineering, sourcing, ete.)

During our assessment, we found that no Engineering support department currently exists within
RTM. Technical knowledge of the tasks is reliant on the individual carrying out the task and can be
reliant on sub-contractor knowledge for the specialist tasks with little capability of following up to
assure the quality of the work. The disadvantage of a lack of engineering support is the potential
lack of understanding of the most efficient practice when remitting works as well as a reliance on
the assurance of work completed being outside the control of RTM. Currently the closest to this role
within RTM is the Facilities Manager. From our interviews the Facilities Manager was found to be
experienced and knowledge regarding maintenance requirements, challenging the completion of
Work ltems when reviewing the daily reports if a concern arises and showed a willingness to
understand specialist activities to better manage the asset. For a network of this size, it is considered
advantageous for this role to cover the technical support as well as facilities management.

When it comes to planning access for works, it was observed that the Buildings team works closely
with the Maintenance Planner to arrange access and to discuss at planning meetings with the City.
Sub-contractors are required to notify the Maintenance Planner two weeks in advance of their
request for access. High risk items are discussed within a daily maintenance plan which includes
the key information on the work including the person in charge, work limits and any applicable
permits. Detail on the maintenance plan is contained within the Maintenance and Rehabilitation Plan.
Having a single point of contact allows for clarity in access planning and reduces the risk of
conflicting works being undertaken at a single site.

8.9 Adeguacy of tools and squipment

For preventative maintenance work undertaken by RTM employees, only basic tools are required
to complete the tasks. Specialist works requiring training/competency to use would be undertaken
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by sub-contractors, with the responsibility for making sure the employee is competent lay with the
sub-contractor. During our assessment, no concerns were raised as to the adequacy of tools used.

6.10 Adeqguacy of QA/QC processes

RTM currently has no internal technical support function to provide technical assistance for the
buildings team. Maintenance activities completed by the specialist contractors rely on the
competence of the contractor and their internal assurance process to complete the work to the
required standard. There is no requirement for condition reporting or maintenance activities to be
accepted by RTM before being signed off as completed, resulting in a lack of control on the quality
of the work undertaken.

For a network of this size this is quite common and can be managed through local process, however
as the network expands in the future it would be recommended to formalise this procedure. During
our assessment, it was highlighted that if issues with the quality of work does arise, this is resolved
locally between the contractor and RTM. No specific issues were highlighted during our assessment.

The buildings team is subjected to yearly audits that were provided to NRC during the assessment.
The annual audit focussed on the maintenance achieved against the requirements. The audits do
not review the technical delivery and do not consider the level of technical assurance of completed
projects. This creates a risk that RTM are unable to control or verify the quality of work through a
recommended 3 layers of assurance.

Whilst no issues have been highlighted so far, we recommend that audits include a review of the
technical delivery. This will help to maintain quality levels. The audit reports that we reviewed as
part of this assessment are:

S Station and MSF Custodial Maintenance (document ref: RTM-QMS-FRM-542)

> Fire Detection Alarm System Maintenance Part 1 (document ref: RTM-QMS-FRM-542)

- Fire Detection Alarm System Maintenance Part 3 (document ref: RTM-QMS-FRM-542)

S Building Automation System and HVAC Maintenance (document ref: RTM-QMS-FRM-542)
It was noted that each audit report contained the same document reference number.

All audits contain recommendations relating to missing evidence or inspection reports (see below
for an extract). It is not clear if this is because these Work Items were not completed or if this
evidence was provided later. It is unclear how recommendations made in the audit reports are
tracked and if there is a requirement to implement recommendations.
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Figure 6.4  Extract from the Slation and MSF Custodial Mainienance sudit

Bee-Clean notes does not perform Bi-annual custodial momienance tashs v Passenger stabions such as window
clesning tasks. These are completed by another contractor. Carpet clesning, snd floor refinishing taeks are nm
reqquired.
= Heeeclran has meluded the process of monitoring thy Passenger Stations fur defects and graffinl o the Dady station
sehedule! seope of work, Comgplered work orders (00071430, 00063125 and D00S9332) of recorded ohsersations of
vandaliom and graffith were obsarved on IMIRS. (O}

~  Hee-Ulean has mplementied a walk-through monitoring doctment e mspact the MEF and Passenger Stations, {C}

- Bee-Ulean has g training program for smployees which inclodes training such asy washroom cleaning, waste
collection, color coded cleaning, WHMIS/AGHS, PPE, hundwashing, floor care s well as BTM s Safety orientation.

held with the warkers, (U}

o Toples reviewed 1 2020 inchade: bloodbore pathogens, sharps and body fluids, spidl containment,

« Musthly health and safety meetings are alse

Environmental Policy review, el

Qpportunities for hoprovement

« T schedule provided for the MSF neads i be furthur broken down to Het the plan R performing custadial
Maintenance tasks i the different rooms in the MEF
- Clarity i3 nesded on sl the areas in the MSF that Bl ander Bee-Claan's seope. The schedude provided hsts the
goneral areas but oo spenifics,
o Bew-Cleoan notes that MSF 2 has oot been inclnded in thade vontract and they porforsa gemeral olessing st
MEFZ workly.
~ Buting structure and wason for sating awarded was not elosr ooy watkithrough sonitoring
#3013, The foros providied for the sudit was alvo et completed Ry Information mis
Ratings wers not awarded for some sectionsocations on the e,
o Signatore felds for the inspector amd Dustonsr wiss my completed,
= Froguency for the monitoriag walk through i passenger stationy was not clesr on the document Bist provided.

document (29269 and

sing wechudes:

oo deformabion or walkthrough in some stetions such as Tromblay and Bayveiew stationy were not ound on
tist provided.

NOTE: A Copy of the Aodit Phan sud Cheoldist iy attached to this veport as Appendis A,

We that the most recent audit (dated 02/02/21) of the Station and MSF Custodial Maintenance
(RTM-QMS-FRM-542) identified a lack of evidence of areas expected to be cleaned, naming the
Facility maintenance Supervisors room in MSF1 and the Drivers waiting areas in MSF2. We
observed the cleanliness of stations at various times of the day during the assessment period. We
observed that whilst consistent footfall is going to contribute to reducing cleanliness, we saw
examples of full waste bins at various times of day. We recommend that station cleaning be in
included in future monitoring.

The audit report also recommends that clarity is required in on all areas in the MSF that Bee-Clean
is expected to maintain. Information on Tremblay and Bayview stations were also missing/not
provided. We recommend that clarity on the scope of the works including areas of responsibility for
each station is included in the Maintenance and Rehabilitation Plan and referenced in the AMP. We
further recommend that evidence of completed cleaning be included in the daily reporting
requirements if not done already, with future monitoring to be undertaken to review the quality of
the cleaning over a larger sample including stations.
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7.1 Asset Management Plan

The purpose and context of maintenance is set out in the ART Engineering 2021 Fixed Infrastructure
Asset Management Plan (AMP). The current published version is Version B.

The Asset Management Plan for Fixed Infrastructure is structured in the same format as those for
other assets. We have included some comments that apply to all plans in section 3.1.

During this assessment, we have not reviewed every reference document in detail, but we have
referred to some of them in drawing our conclusions about the completeness of the Asset
Management Plan.

The scope of the AMP is noted as applicable to all fixed infrastructure within the system asset
inventory in IMIRS that require structural condition inspections which is in accordance with Appendix
B, Section 15-3 of the Project Agreement.

The AMP was found to adequately contain information on the types of assets applicable, condition
survey requirements, maintenance and reporting requirements for Structure’s assets. Section 1.2.2
of the AMP lists the Primary and Secondary structural types that categorise each asset, with this
information listed in the asset management database as per the Project Agreement. Assets are
listed individually within IMIRS to allow faults to be assigned to a particular asset.

The primary structural material is a useful method of categorising structures but is not mentioned in
the AMP nor IMIRS. Having an overview of the number of assets per material provides a high-level
insight into the types and scale of maintenance regimes (e.g. a large number of reinforced concrete
structures means spalling/fractures are likely to be the most common defects across the portfolio).

One aspect of the AMP that is not mentioned is the identification and inspection of Hidden Critical
Elements (HCE’s). Inspection of HCE’s becomes a vital aspect of managing the structural integrity
as the assets age. The rail bridges carrying the Confederation Line network consists mainly of
reinforced concrete decks. The reinforcement is designed to take the tensile forces and is
permanently hidden by the concrete cover. Whilst these decks do not tend to suffer from capacity
reducing issues, if there are quality issues with the reinforcement painting protection or water ingress
this could lead to corrosion within these elements going undetected. We recommend that all Hidden
Critical Elements are identified and listed in the AMP with an appropriate inspection regime also
listed.

Our assessment also noted that no information is included within the AMP on the management of
bridge strikes on the network. If a bridge is struck by a vehicle it is vital that the incident is reported
as soon as possible so that the damage can be inspected to confirm that the structural integrity has
not been affected.

In the event of an incident, there is no information at the bridge site of who to contact. On the GB
network, bridges display a plate listing the street name, asset number and the number to call to
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report an incident so that the bridge can be identified quickly, and any emergency measure be
applied locally to the network in that area.

7.2 Guality Plans

No Quality Plan relating specifically to Structures was reviewed as part of this assessment. Section
4.1 of the AMP refers to compliance with RTM’s Quality Management Plan. It is unclear what steps
ART Engineering have undertaken to comply with the plan, we recommend that this is considered
as part of any future monitoring.

The AMP discusses the process ART Engineering will undertake for quality management. There is
a 3-layer internal assurance process with reports checked and approved by a Professional Engineer
before being signed off. This process is consistent with the expected level of assurance for works
of this nature. There is no mention of the need for somebody from RTM to review and accept reports.
Currently the Stage Two Project Manager is fulfilling this task with any issues resolved ad-hox with
ART Engineering. No issues with this process were noted during our assessment.

7.3 Maintenance

All maintenance of structures assets is sub-contracted to ART Engineering. The AMP outlines the
intervention criteria for each asset type including the timeframe for the repair to be carried out.

The Assets that ART Engineering are responsible to maintain are listed as:
P Tunnel Structures

S Facilities

S Structures

As this was a relatively short review, the assessment was not able to formally examine the efficiency
and effectiveness of individual work activities and consisted of interviews with the relevant members
of staff, observation of process, reporting and compliance.

.31 Preveniative Maintenance

As most structures were recently constructed and tend to deteriorate slowly over several years there
is not a big requirement for a preventive maintenance programme for structures on the network. The
bulk of the preventative maintenance consists of the detailed visual inspections of each asset, with
the project agreement specifying that all structures must have an inspection over a two-year period,
with the report submitted to the city on 30t September of the second year. it was confirmed that all
required reports were submitted for the year 2021, with no issues with compliance.

Completion of the detailed visual inspections is currently managed within RTM by the Stage Two
Project Manager due to long term leave but would normally sit under Infrastructure Manager. The
Stage Two Project Manager is required to input the defects into IMIRS and monitor that site work is
undertaken in line with the programme submitted to RTM by ART Engineering.
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As part of our assessment, we reviewed the information contained in a detailed visual inspection
report for one structure and one station building. It was observed that the format for the reporting
and information contained were consistent with the requirement details in the Ontario Structures
Inspection Manual. As per the requirements of the Ontario Structures Inspection Manual, site visits
are undertaken to carry out a touching distance inspection of the condition of each element of the
structure, with photographs taken to support text within the report. Reports detail the condition of
the asset per element and give a condition marking index score per element, with trigger points
determining the need for intervention to carry out repairs. Recommendations are given for any
repairs required with a scoring system of high, medium and low. This scoring system is outlined in
the project agreement and repairs must then be carried out in timescales defined. Due to time
constraints we were unable to verify the quality of the site visits to confirm all necessary information
is captured, we recommend that this be included in the scope for any future monitoring.

Section 6.1.1 of the AMP mentions the creation of a Preventative Maintenance Plan. The
Maintenance and Rehabilitation Plan (RTM-MC-PLN-042) includes a section on Structures
maintenance (Section 13.4.4), which replicates the requirements from the Project Agreement.

732 Corrective Maintenance

Any defects noted within the condition reports are then input as a work item within IMIRS and
assigned to the relevant asset. It is then the responsibility of ART Engineering to undertake the
repair within the necessary timescale. ART Engineering are contracted to manage the resolution of
the work item, which may require design. During our assessment it was mentioned that as the
structures are new, repairs so far have consisted of small-scale patch repairs. It is unclear how more
complex maintenance that require design are going to be managed to deliver for the most efficient
cost. No issues were noted with outstanding defects and all work items were currently being
resolved within the required timescales.

As part of our assessment, we discussed that when work items were completed, the RTM Project
Manager would attend site to confirm that the repair is completed to a satisfactory standard. This
layer of assurance is a local process created by the Project Manager and is not recorded in any of
RTM'’s documented requirements. Reviewing completed works helps to assure a consistent level of
quality and we recommend that this process is included within the AMP for managing corrective
maintenance.

We also discussed that a list of defects is recorded within a spreadsheet as well as being uploaded
within IMIRS. This is not recorded in any of RTM’s documented requirements and is another process
developed locally by the Project Manager. This spreadsheet records the asset and type of defect.
This data can be used to identify trends in the defects such as the geographical local of similar
defects or if a certain type of defect is more common than others. This can then be used to assistin
determining the preventative maintenance plan by targeting repairs based on the most common
types of defect. We recommend that the requirement to document defects in a tracking database is
recorded within the AMP or within RTM’s Maintenance and Rehabilitation plan.
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733 Retrofits
As the structures and tunnels portfolio comprises recently constructed assets there is currently no
renewals programme in place. Due to the life-expectancy of tunnels and structures assets it would

not be expected for renewals to be applicable for the life cycle of RTM’s contract with the city (barring
exceptional circumstances).

Asset data taken from tracking defects and the condition index should be reviewed annually to
determine rate of deterioration across the portfolio. If trends show a consistent decrease in the
condition of the assets throughout the portfolio then the creation of a renewals programme would
be recommended.

Localised strengthening and repair are covered through the corrective maintenance programme.
7.3.4 Backlog

From our assessment, all detailed visual inspection reports were completed and submitted to the
city within the deadline as per the project agreement. ART Engineering has devised a programme
for the completion of the next round of detailed visual inspections with the programme reviewed
periodically by the Project Manager. This periodic review is not listed within the AMP and currently
there is no reporting requirement within RTM to review the progress of the inspection programme.
As the asset list is currently small this is not a concern, however once Stage Two works is complete
it would be recommended that RTM include progress as part of their structure’s management, to
mitigate against any slippage in programme.

7.4 Effectiveness of maintenance management and reporting systems.

Maintenance is sub-contracted out to ART Engineering with the Stage Two Project Manager
overseeing the work undertaken. Maintenance activities are input into the IMIRS system and
highlighted at the Daily Operating Meeting with the city if required. RTM can request ad-hoc updates
on the progression of work items if there are concerns over progress or high-risk items that require
closure involvement but generally work items do not detail the action plan.

The relatively low number of assets allows the Project Manager to oversee more control over
individual Work ltems, attending site to approve the quality of repairs and tracking defects locally
using their own spreadsheets. Photos are also uploaded into IMIRS as part of the Work Iltem
completion process.

Updates on programme progress are held ad-hoc between RTM and ART Engineering with any
project related issues highlighted if they happen. No specific issues were noted during our
investigation. As the site work is non-intrusive inspections can be flexible to work around other
maintenance activities within the area.

These processes are an effective method for managing the maintenance requirements given the
current number of assets. As the network grows, we recommend that a more systematic approach
is taken to the management and reporting of the structure’s portfolio, with the AMP detailing
requirements for defect tracking.
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7.5 Waorkorder management

Work Orders are created in IMIRS by the Project Manager based on recommendations made within
the detailed visual inspection report. Both Preventative and Corrective maintenance tasks are
created in the system and assigned to the necessary asset, with a basic remit and target completion
dates in line with the project agreement. There is also the capability to review historical defects for
each asset. These items can then be reviewed and discussed at within the daily operational report
presented to the city.

As inspections are spread out over a two-year period the need to produce work items is only needed
on an ad-hoc basis and is input by the Project Manager only. As there is only a relatively small
number of structures, we see no issue with the management of work orders.

7.6 Appropriateness of employes:
761 Training

As the Structures portfolio is entirely undertaken by sub-contractors, within RTM there is little internal
training required for this role other than the network related safety competence.

As per Appendix B of the project agreement, RTM is required to employ qualified inspectors to carry
out the inspections with a professional engineer responsible for signing off the report. These roles
are all undertaken by ART Engineering. The AMP notes that all inspectors will have at least five
years of inspection experience and attend a refresher course with the Ministry of Transportation
every two years. This is compliant with the requirements listed within the project agreement.

From review of RTM’s Training Matrix (RTM-SMS-REG-684) it does not appear that the qualified
inspector competency is listed within the matrix. We recommend that this be included in the matrix
along with the competencies of the individuals within ART Engineering that work on the structures
portfolio.

.62  Experignce

As per the project agreement and AMP, qualified inspectors are required to have a minimum of five
years’ experience in carrying out inspections. Due to the short timescale of the assessment phase,
we did not verify the level of experience of the qualified inspectors, however this was not described
as being an issue during our interviews.

RTM’s Stage Two Project Manager is a qualified civil engineer and from interviews showed to have
the necessary level of experience and understanding to be able to manage the portfolio and review
the condition reports.

Where corrective maintenance is required, these maintenance activities were also carried out by
ART Engineering. We were unable to confirm the levels of experience of these individuals however
no issues were noted during interviews.
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7.6.3 Cualifications

The Stage Two Project Manager is a qualified civil engineer which is vital when overseeing the
Structures portfolio. No issues were noted during our assessment.

The AMP notes that reports are signed off by Design Engineers who are required to be professional
engineers. The professional competency of these engineers was cross referenced with the
Professional Engineers Ontario website to assure that they are suitable to carry out the role. No
issues were noted on this during our assessment.

7.7 Appropriatensss of mainienance organization;
771 Stafling levels

Within RTM, the Structures portfolio is managed by the Stage Two Project Manager. It is this
individual’s responsibility to review condition reports, oversee the completion of the inspection
programme, make sure work items are input into IMIRS and make sure they are completed to the
necessary timescale.

ART Engineering are responsible for making sure they have an appropriate level of qualified
inspectors, professional engineers and maintenance staff to carry out inspections and maintenance
activities and that the management of these activities is overseen by a suitably qualified individual.

Our assessment found there to be adequate levels of staffing to oversee this programme.
7.7.2  Shift coverage

Due to the relatively low number of assets on the network, maintenance activities on structural
elements in generally do not require the same levels of shift coverage as other parts of the
infrastructure. Timescales to resolve Work ltems tend to be in months rather hours and as such do
not need 24/7 coverage. There is an on-call function that assures that any urgent faults can be dealt
with.

Inspections require access to the network or road closures which an only be undertaken during
engineering hours. There are no issues with the availability of staff to cover these hours when
needed. NRC saw no issues with the level of coverage for shifts during our assessment.

7.7.3  Supervisionfoversight

Supervision of the quality and completion of tasks is reliant on ART Engineering. RTM currently
have no internal supervision requirements.

The process for signing off inspection reports requires the report to be approved by a professional
engineer as per the Project Agreement. This gives a layer of assurance. From interviews it was
observed that the RTM project manager had the required qualification and competence to be able
to review the reports as well and it was noted that any issues in quality were resolved locally at
project level, with no issues highlighted.

Having this extra layer of assurance is a beneficial and important aspect of managing the asset.
Local knowledge of the assets is vital when planning maintenance activities and budgets and the
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tracking of defects allows RTM to observe degradation and identify potential for early interventions
to help minimise the future interventions that may be required.

It is noted that as the network grows there will be a greater number of structures to assure. We
recommend that RTM formalise the need for internal report reviews/sign off through competent
individuals so that this process is not lost.

7.8 Support departments (Engineering, sourcing, etc)

During our assessment, it was found that no Engineering support department currently exists within
RTM. Technical knowledge of the tasks is reliant on the individual carrying out the task and can be
reliant on sub-contractor knowledge for the specialist tasks with no documented assurance following
up to assure the quality of the work. The disadvantage of a lack of engineering support is the
potential lack of understanding of the most efficient practice when remitting works as well as a
reliance on the assurance of work completed not sitting within the control of RTM.

Currently there is the capability to fulfil this function through the Stage Two Project Manager.

Whilst now this is managed internally through reliance on ART Engineering, it is worth noting that
as the network grows and the assets age there will be greater requirement to carry out maintenance
and it will become more important these are remitted to consider the most cost effective and efficient
solution. Having these tasks undertaken in house would give RTM more control over the standard
of the work with greater to consideration to whole life requirements of the asset and less reliant on
sub-contractors.

7.9 Adequacy of tools and squipment

Only basic tools are required as part of the inspection process. These include a hammer to remove
spalled areas/corrosion, a tape measure to measure the size of defects, a camera and access
equipment to reach all areas of the structures. Maintenance activities are planned with the
availability of any specialist tools/equipment discussed as part of the planning process.

No concerns were noted with the adequacy of tools and equipment used on the network.

7.10 Adequacy of QAIQC processes

RTM currently has no internal technical support function to provide technical assistance for the
Structures portfolio. The Asset Management Plan does not require RTM assurance of the inspection
reports and maintenance activities completed by ART Engineering; however, due to the relatively
low number of maintenance activities currently, work items are reviewed by the Stage Two Project
Manager to assure that they are completed to a satisfactory standard. During our assessment, it
was highlighted that if issues with the quality of work does arise, this is resolved locally between the
contractor and RTM. No specific issues were highlighted during our assessment.

The structures team is subject to an annual audit that was provided to NRC during the assessment.
For the 2021 audit, no issues were highlighted in the delivery of the programme or works undertaken.
The annual audit focussed on the maintenance achieved against the required amount. The audits
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do not review the technical delivery and do not consider the level of technical assurance of
completed projects. This creates a risk that RTM are unable to control or verify the quality of work.
Whilst no issues have been highlighted so far, we recommend that audits include a review of the
technical delivery to provide assurance of the quality levels.
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8.

Jther observations

8.1 Assurance Framework

During the assessment phase, we were shown the internal audit process and program and shown
examples of completed audit. We did not see evidence of other assurance processes.

Network Rail operates a “3 lines of defence” model of assurance as follows:

» Level One — Operational Management Oversight. Confirms processes are well controlled to
manage inherent risks. Assurance activity conducted within a business unit that primarily
provides assurance to the business unit leadership. Primarily self-assurance.

Are we doing what we said we would do?

» Level Two — Corporate and functional oversight. Assurance activity conducted independently
of the business unit that primarily provides assurance of control performance (implementation
and effectiveness) to the control owner. Primarily internal audit of compliance.

Are you doing what you said you would do?

S Level Three — Assurance activity conducted independently of the business unit that primarily
provides assurance of policy and control design and implementation. External audit of the risk
control processes.

{s what you said you would do still the right thing?
Level One

During the assessment phase, we did not see any evidence of Level One activities such as line
manager monitoring of staff (reviewing their output to confirm compliance), planned assurance
inspections (planned or unannounced checks of work activities and sites) or management self-
assurance (manager’s self-assessment of compliance with company processes). Such assurance
activities provide the first line of assurance that processes and risk controls are being adhered to.

We recommend that RTM and Alstom consider formalising a requirement for self-assurance by each
operating unit and implement a process to collate the results as a means of identifying systemic
issues.

Level Two

Level two assurance is delivered by means of the RTM Quality department. RTM manage and
undertake audits of the infrastructure maintenance. Audits are planned and executed in accordance
with section 9.2 of the Quality Manual (RTG-04-0-0000-QMS-0001).

JOO1783 - KTM Maintenanoce Assessment 70




NRCO0000001

NetworkRail

Figure 8.1 2021 Quality Audit Plan

We reviewed some examples of audit reports and found them to be well organised and well recorded.
However, we have made two observations about this part of the overall assurance process.

Firstly, the audits are process based in that they focus on documentation and records. It is important
to audit these areas, as without proper documentation it would be hard to control the maintenance
process and without good records, impossible to demonstrate that it had been completed. The
current audit process lacks any assurance that the documented processes are embedded and being
followed in practice.

Secondly, the non-conformances are focussed on correcting the issue as found and could be
expanded to look at correcting the root cause. For example, in audit report RTM-QMS-FRM-681
(Track Maintenance - Sub-Contractor: Alstom) there are multiple case where maintenance was
found to have not been completed in line with the maintenance schedule. In each case, the
corrective action is “inspections shall be conducted as scheduled in the Maintenance Plan” or similar.
There is an opportunity to identify whether there is a robust way to identify missed maintenance,
who is aware of it and what is done about it so that this risk can be properly controlled.

We recommend that, in line with section 10.2.2 of the Quality Plan, auditors require auditees to
determine the root cause of non-conformance and put in place actions to correct it.

Level Three

We did not see a method to provide assurance that the processes and controls remain appropriate
to the performance and risks of delivering maintenance. The purpose of Level Three assurance is
to identify areas where the existing processes are not delivering the required outputs and that as
such, the confirmation of compliance provided by levels one and two is not sufficient to provide
assurance that the overall management system adequately controls the risks.

We recommend that RTG consider whether they have adequate assurance of delivery and
management of risk for the OLRT maintenance.
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8.2 Daily mesting

The Confederation Line daily operating meeting is a regular weekday meeting chaired by OC
Transpo to review the previous day’s operations and maintenance performance. While the meeting
focuses on the Daily Operating Report, any ongoing maintenance issues, or anomalies, as well as
a maintenance look ahead is included on the regular agenda of the meeting. RTM involvement in
the meeting will include the Maintenance Director, and/or their designates and representatives from
Alstom. During the meeting observed, the good practice of assessing future risks to service was
observed, in this case the risk of snow.
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The content of the Daily Operating Report consists of approximately 7 pages of useful dashboard
KPMs which indicate how the previous day’s operations performed. There is then circa 55 pages of
open corrective workorders, most of which appear to be faults which have not been closed out
properly due to a lack of information available to close the workorders. Work orders are included in
the report even when their status has not changed, making it difficult to use the information
effectively.

We attended the Daily Operating Meeting on Wednesday 2™ December. The bulk of the meeting
focussed on incidents from the previous day. In several cases, detailed information wasn’t available
because it was yet to be received from the technicians or further information was needed. It wasn’t
clear how the information was to be used or what decisions it was informing.

We recommend that the daily meeting is focussed more on the day ahead than the previous day.
The meeting could review items such as:

B Out of use infrastructure, due to failures or defects, so that OC Transpo are aware, and focus
can be given to resolving issues that affect future performance.

B Infrastructure at risk, due to unresolved issues from previous days or loss of redundancy
following a failure where a further failure would affect service. The meeting could then review
whether appropriate containment or mitigation is in place.

S Shortages in vehicle availability and vehicles in service with concessions. Actions in place to
restore availability to the required level.

S Maintenance plan for the day, including:

“Golden maintenance” — items that if not completed will result in restrictions so that the
attendees can support successful delivery;
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- High-risk maintenance — work which creates a risk whilst it is being performed or could
overrun the allotted time;

High-stakes maintenance — inspections that could reveal defects that require operating
restrictions or immediate action.

S Weather risks:
Availability of snow clearing teams, operability of switch heaters;
- Flood risk, including availability of sump pumps;

Hot weather; operations status of HVAC systems controlling temperature of sensitive
equipment, sites with low stress-neutral temperature

8.3 Work/access planning
Engineering Access

Train operations on the main line both before and after regular hours of operation sweep the
guideway and position trains for the start of service, and to allow for trains to clear the line at the
end of service means that the window both before and after regular hours of operation has restricted
access to the guideway to perform maintenance work.

Below is the maximum time allotted for engineering work:
S Sunday 23:45 hrs until Monday 04:00 hrs

P Tuesday 01:43 hrs until Tuesday 04:00 hrs

3 Wednesday 01:43 hrs until Wednesday 04:00 hrs
S Thursday 01:43 hrs until Thursday 04:00 hrs

> Friday 01:43 hrs until Friday 04:00 hrs

» Saturday 02:44 hrs until Saturday 04:49 hrs

S Sunday 02:44 hrs until Sunday 06:53 hrs

It should also be noted that time is also required for the issue of permits, setting up protection such
as isolating the OCS, on-tracking and off-tracking any on-track plant or machinery and vehicles, and
for removing any protection and clearing the track prior to the start of the revenue service.

This limited engineering access may not be sufficient to deliver the quality of work required in line
with the instructions provided in several Work Method Statements (WMS). From the review of the
WMS documentation carried out during the review, it was noted that many required significantly
more time to complete these regular maintenance activities than is afforded by the available track
access. Direct observation of these activities is required to confirm this, or otherwise.

Single Tracking

The Confederation Line has been designed with capacity to allow single track train operations
between crossover locations at 15-minute headways. With this capacity, single tracking during late
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night operating periods could facilitate limited pre-Engineering hours mobilisation and limited
maintenance and inspection operations on the guideway after 23:00 each day.

Although single tracking will provide additional maintenance time prior to Engineering hours, the
work to be performed will be limited to low-risk operations because of the proximity of passing trains
on the adjacent track. Single tracking maintenance operations are generally limited to light
maintenance operations using light equipment and hand tools and mobilisation of equipment and
materials prior to the start of more intrusive works. Single tracking operations should be planned
with notification provided to OC Transpo through the Weekly Planning Meeting and then
subsequently on the Daily Maintenance Plan.

Through discussions with those involved in the planning process and works deliverers, there was a
consensus that this method of gaining some additional engineering access is not currently being
utilised as there is a concern that this may cause some unplanned disruption or lead to increased
safety risk. While these concerns may be justified, consideration should be given to how this method
could be safely implemented via change management processes.

Major Maintenance Shutdowns

The Confederation Line Project Agreement allows for a shutdown of portions of the system for up
to 80 hours per year, (unused time can be carried over to the subsequent year up to a maximum of
160 hours) provided that such shutdowns are scheduled during weekends, certain holidays, and on
weekdays between 23:30 and the start of revenue service the following day. Notification of major
maintenance shutdowns must be provided to OC Transpo in writing at least 45 calendar days in
advance and approvals must be granted for such shutdowns.

Major maintenance shutdowns will only be used for major maintenance and/or rehabilitation work
on the guideway. This would generally consist of work on the track, OCS, or structures. Shutdowns
will also be used for CBTC software updates, including testing and commissioning. RTM will review
and plan the activities requiring a shutdown to be scheduled in a way to reduce as much as possible
their duration, frequency, and extent. 80 hours per year for major maintenance shutdowns may
prove to be a challenge if the need for significant campaigns such as tamping and grinding continue,
however if the guideway has now reached an acceptable asset condition sustainable through normal
maintenance volumes then this is likely to be sufficient until such times as assets start to become
life expired and larger scale asset refurbishments and renewals are required.

Maintenance Planning

RTM'’s internal organisation has a maintenance planning position to prioritise, organise, and
coordinate all maintenance work with OC Transpo.

The Maintenance Planner is the focal point for all maintenance plans from both RTM and Alstom
and ensures that all maintenance requests are reviewed and approved as appropriate. The
Maintenance Planner ensures that the work is executed as per the planning rules and that the
maintenance schedules are followed. The Maintenance Planner leads a weekly meeting with the
City to review the work for the next week which is attended by leads from teams responsible for the
delivery of work.
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The planning process is as follows:

Work requests are to be submitted to the Maintenance Planner 10 calendar days in advance of the
start of the planned work.

The plan will be reviewed for conflicts and amended accordingly. The 10 day notice period is
designed to allow sufficient time to amend plans.

The Maintenance Planner also reviews 2 weeks and 4 weeks look ahead based on the planned
maintenance schedules for early identification of any conflict. This look-ahead shall include all
known upcoming non-routine maintenance activities.

This is reviewed weekly during the weekly planning meetings. The weekly planning meeting is
chaired by OC Transpo to discuss medium- and long-term maintenance activities. We recommend
that RTM involvement in this meeting should include the Maintenance Director, Infrastructure
Maintenance Manager, Maintenance Planner and subcontractors whose attendance is considered
essential by OC Transpo.

RTM presented the proposed maintenance plan to OC Transpo at this meeting as input and after a
joint review the approved list of maintenance activity for the following week should be distributed to
all stakeholders on Friday prior to the beginning of the work week running from Monday to Sunday.
Any major changes in form of additions to and schedule adjustments on the daily plan which has
the potential to disrupt revenue service, impact passenger access or comfort at the stations should
be brought to the notice of OC Transpo for approval.

We noted during this meeting that although every single work order item is contained within the plan
being reviewed, only the higher risk activities were discussed. This ensured that the time during the
meeting was used effectively but it may be worth considering removing all the low-risk items from
the document and adding in some additional commentary for the higher risk work items to give
confidence that all risks and control measures had been considered and put in place in advance of
the meeting. This may remove the need for some of the additional questions during the weekly
meeting.

During discussions with the Maintenance Planner, it was also noted that a considerable quantity of
works isn’t submitted in line with the 10 day advanced notice deadline. The result is the Maintenance
Planner having to contact works deliverers frequently to request them to submit their maintenance
plans. This is a common practice and often works aren’t submitted and as such plans being
amended up until a few days from their planned start date.

It was also noted during direct observation of the weekly coordination meeting that one significant
work item was missing from the plan. This was highlighted by the representative from the City and
resulted in a follow up action required to review any risks and conflicts that this work item may
present.

Submission of the daily maintenance plan to OC Transpo should occur prior to 18:00 on weekdays
and will cover work to be performed on the operating day. The daily maintenance plan includes
details of all planned work which will require the involvement of OC Transpo, or which has the
potential to impact train operations.
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We recommend that consideration is given to how learning from the previous weeks fall downs and
successes can form part of the weekly meeting agenda with a view to taking this learning and
cascading to everyone involved in both the planning and execution staged of the work aiming at
continuous improvement of the planning process.

8.4 Cusiodial maintenance

We used the opportunity of our time in Ottawa to form a “customer perspective” on the network.
Customers, stakeholders and the media will have little solid information on which to judge the quality
and completeness of the maintenance of the system, meaning their view will be disproportionately
influenced by the look of the stations and trains. Therefore, good custodial maintenance can
enhance the reputation of the network.

Figure 8.2 Example of escalator panel at Rideau station

This panel appears to have been cleaned with a dirty cloth or mop, suggesting a lack of care by the
cleaner and a lack of checking or supervision of the work.
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Figure 8.3 Escalator at Rideau Siastion Figure 84  Example of general condition of
the floor at Lyon station

We appreciate that wet and salty streets mean that a lot of dirty material is brought into the stations
but there is a marked contrast between the look of the LRT stations and that of other high footfall
areas such as the Rideau Center. Similarly, the cleanliness of the OLRT does not compare
favourably to networks in similar environments, such as the TTC Subway in Toronto.

To check if it is difficult to maintain the cleanliness through day, we rode the network on the first
train on a Sunday morning. The cleanliness of the train was excellent, but the stations looked dirty
with floors looking much as they do all day and the garbage bins unemptied.

8.5 Human Resources

During discussions with the RTM HR Manager there were some good practices identified in terms
of how HR integrate into the delivery of asset management plan. It was positive to see that the RTM
organisation was fully resourced. Evidence was also provided of line-of-sight personal objectives
from the CEO to the front-line technicians for objectives related to maintenance and delivery of the
asset management plan. Alstom do not have HR based in Ottawa so we were unable to establish if
the same could be said for the Alstom organisation.
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9.

Table 8.1 Recommendations

Recommendations

411 We recommend that RTM and Alstom consider creating a standalone Flest Asset Management
Plan (FAMP) or adding further sections to the existing Asset Management Plan due to the
complexity of rail vehicle maintenancs.

412 We rscommend that RTM and Alstom consider updating the asset list to include unitque
identification of all vehicle to ensure thera is no complication batwesn phase 1 and phase 2
asssls or in the event an asset is removed from sarvice permanently

413 We recommend that RKTM and Alstom consider aligning these to key roles to give clear line of
sight on responsibility and potentially add names of the individuals and their nominated
delegatas (o ensure compelence can be coverad during periods of absence this would also
assist with training needs analysis for succassion planning.

415 We recommendd thal RTM and Alstom consider detailing or referring to their enginesring
change process.

4.1.6 Wa racommend that RTM and Alstorm considar adding this detailing who is responsible for this
activity and how the appropriateness of subcontractors or 3rd party maintenance suppliers
wouid be assessed including any minimum standard requirements thay must meet, what
assurance activity is required and what regular reviews o mestings ars underiaken.

417 We rscommend that RTM and Alstom consider detailing the process for the transfer for of
information within the Asset Management Plan and include staff sign off to ensurs they havs
both raceivad and understood the information providad.

418 We recommend that Alstom review documents REF PRO 001 and OTT GNR QUA1C PRO 001
to confirm that they contain sufficient detall relating {o how the vehicle maintenance
documentation is reviewed, stored, controlied and the frequency of planned reviews.

4.1.10 We recommend that Alstom consider adding a deferral management process with the use of a
risk matrix and responsible person for sign off would be advisable if this isn't already in place.

4,111 We racommend that RTM and Alstom consider adding a post incident or accident process
based on specific levels or typas of vehicle damages or failure should be referenced here to
ensure safe and affective vehicle recovery.

4.1.142 We recommend that Alstom consider adding maintenance recording details spacifically
focusing on where maintenance is recorded and what components reqguire additional
documentation e.¢. serialisad assstls, safety critical componenis, rolating assets, dimensional
data or tools like torqus wranches which may require recording on each waorkordsr,

4.1.13 We recommend that RTM and Alstom consider adding a process or a reference {o ths process
for handling and storage of safely related squipmant.

4.1.14 We recommaend that Alstorm consider adding a process or a reference to the process for how
defects are reported by any usar, including maintanancs technicians and train drivers as a

minimum.

4.3.1 We recommend that, in fulure when enough data is held to review the efficacy of the individual
tasks based on the environment and usage of the vehicles.

431 We recommend that process is creatsd to enhance the daily check to confirm that all

outstanding maintenance and modifications have appropriate concessions before the vehicle is
released (o revenue service.

4.3.1 Wa racommend that the LRV Daily Checkiist is updated {o make it clear who did which chacks
on each vehicle,
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4.3.2 We recommend that Alstom consider the use of 'key information’ cards to prompt the drivers to
note or report specific details relating o environment, track geography or vehicle status,

43.4 We recommend that the work order backlog report be enhanced to ald prioritization.

4.4 We racommend that RTM and Alstom create joint metrics o assess the vehicls reliability to
truly understand asset parformance and reducs their reliance on just the availability matric

4.6.1 We recommend that Alstom consider creating a new compstence matrix that includes specific
vehicle systems competance

461 We racommand that Alstomn consider creating a "route to competancs” including specialist and
OEM training.

4.6.1 We recommend that aill training events contain an assessment to confirm that delegates have

adequalsly understood the content as part of demonstrating competence.

486.2 We recommend thatl consideration is given {o a grading and prograssion struciure for
fschnicians (o reward them for increasing knowledge and experisnce.

4.6.3 Wae recommend that consideration in given (o apprenticeship type new entrant programs as a
way of attracting and retaining technical staff.

4.8.1 We recommend that consideration is given to focussing the engineesrs on crealing
comprahensive training material to be delivered by a qualified trainer, rather than delivaring the
material itself.

4.8.2 We recommend that a review is undertaken of the requirement for spares and suitable levels of
stock are procured,

483 Wa rscommend that the faciliies staff work alongside the vehicle maintenance team o
undarstand how the squipmant is baing used and provide advice on how i can be opsratad
raliably.

4.9 We recommend that Alstom consider studying workshop usags and develop a robust plan to

ensure workshop space and movements are efficient as possible.

51 We recommend that a process is putl in place for competent guideway supervisors {o undertake
routine inspections {o verify the technician’s inspection and rectification work and that the
Enginesring team have a process (o validate that the maintenance they specify is mesting the
customer requirements.

L5
-

Wa racommend that the work orders resulting from deficiencies identified during these
inspactions and records of sites with unknown or low neutral stress are analysed prior to spring
and work is prioritized to reclify the deficiencies to reduce the likelihood of track kinks.

We recommend that a process be put in place {o identify those sites with outstanding
deficiencies and those sites that have been subject to disturbance and have not vel been
consolidated such that mitigations can be put in place rather than wailing for the tempsrature o
rise and going out to inspsact for Kinks.

51 We recommend that the issues of missing stressing records is immadiately addressad by
reguesting the records from OLRTC.

51 We recommend that the approach for rail flaw detection and correction be included in the next
update to the assel management plan.

5.1 We recommend that the WMS be updated to assist the Guideway Technician in recognizing all
of the types of rail flaw identified by the designer.

51 Given the nature and purposs of this WMS, we recommend that the option in the monthly
inspection to undertake the inspection by hi-rail be removed and thatl this inspection becomes
mandated as a walking inspection,

o
NN

JOO1783 - KTM Maintenanoce Assessment 79




NRCO0000001

W@%ww&ﬁ&g;

5.1 We recommend the asset preservation measures section of the assel management plan be
updated to describe how the frequency of rall grinding is determined o maintain rall profile and
condition.

5.1 We recommend that the asset management plan be updated to include the asset praservation

maasures usad lo detsrming the tamping program.

5.1 Wa racommend that the content of Asset Managemant Plan and the TPS Work Method
Statements are reviewed against the maintenance handbook and the Maintenance and
Rehabilitation Plan {o confirm that all the required activities are included.

5.1 Wa rscommend that the frequency and detail of inspections checked against the mainisnance
handbook and the relevant documents updated to reflect the correct requiremsant.

5.1 We recommend that consideration is given {o arranging alternate inspections to be carried out
during the day, with suitable protection from traffic to improve the early detection of defects and
deteriorating condition,

52 We recommend that the Quality Plan is reviewed and amended {o reflect the full scope of the

Alstom contract, adding in the requirements both in the plan and in the library of reference
documents arising from expanding the scope to include infrastructure,

531 We racommaend that Alstom consider sstablishing a process to ensure that changes (o
raference documents arg reviewsd 1o determine their impact on Work Method Statements that
are based on them.

531 We recommend that they put in place such a program {o review the afficiancy and effectivenass
of the Worl Method Statements using a formal assessment technigue such as RCMI o refine
the maintenance activities and align them {o the performance and preservation requirements of
the Project Agreement.

53.2 We recommendd that the immaediate mitigations and remedial timescales Tor common defecis
arg defined and mads available to technicians.

<
o
P2

Wea recommend that Alstorn consider making the axiansion of defact rectification imescales by
rainspaction into a formal process, with an appropriate means (o control comphiancs and
sufficient oversight to avoid the risk of persistent extension withou! proper agsessment,

532 We recommend that a response and repair stralegy is created as required by the Project
Agreament and that suitable reporting is put in place to monitor performance against it

53.2 We recommend thal where tasis or checks are required following corrective maintenance,
thess are detailed in the Work Method Statement for the activity, along with a definition of the
competence required to authorise the restoration of the affected assels to servica.

532 We racommand that considaeration is given o recording corrective activities undertakan during
routine preveniative maintenance.

53.2 We recommend that a review is undertakan of the requirement for spares and suitable levels of
stock are procured.

532 We recommend that a process be put in place to control the introduction of configuration
changes {o the nelwork such that the correct information is available from the point of the
commissioning of the change.

53.2 Wa rscommend that an inventory of programmable and configurable systems is created and a
controlied storage for configuration data is established,

53.3 We recommend that a program of work is startad to identify the Asset Praservation
Parformance Measures that will be used to plan renewal and replacement. These should then
be used to develop estimated degradation rates and hence the asset renewal cycle. Renewal
work can then be levelled to prevent a bow wave sffect.
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534 We recommend that the backlog report is updated {o use the scheduling tolerance to
differantiate those work orders whers the aclivity is missed (heyond the allowable tolerance)
and those that are Iate (beyond the schaduled date but within tolerance) so that priority can be
given o planning and delivering the missed activities.

534 We recommend that the required complation timescalss are addad to corrective maintenancs
work orders so that they can be prioritized and tracked.

54.5 We recommend that the Assetl Preservation Performance Measures are reviewed to {8) bring
them in line with the requirements of the Project Agreement and {b) reflect asset condition and
remaining life as well as performancs.

545 Wa rscommend that the process for the analysis of the collected data and the commentary is
raviewsd so that it is more closaly alignad with the maintenance actions taken and providas
useful information {o the reader.

545 The results of surveys are reported as a long list of closed work orders. We recommend that
these are summarised for the purpose of annual reporting.

545 We recommend that the Asse! Praservation Measures are reviewsd to prompt remedial action
o maintain the assets such that they do not reach the condsmning fimits.

545 We racommaeand that the report contains an analysis and commentary on compliance with the
APPM, delailing corrective action to address identified non-compliances.

552 We recommend that the effectivensss and adherancs {o this process be examinad during the
monitoring phase o confirm that technicians routinely access the documants and that they are
aware of changes to them,

552 We recommend that only work orders wherg the activity has been genuinely carried out are
closed as completed. Where work is not completed, work orders shouid be given the status of
“missed” or similar,

555 Wa rscommend that the specification of the interface batween GS1 and IMRS is reviewed to
confirm it meets the neads of managing the mainienance of tha network.

573 We recommend that RTM and Alstom review whare day-to-day responsibility for the delivery
and quality of maintenancs for a given discipline and the staff who undertake itlies and how it is
discharged.

581 We recommend that the engineering department invest some time in codifying their decisions

o provide guidance and standards {o the maintenance lechnicians to allow routine decisions to
ba delegated o them,

581 We racommaend that Alstom consider an enginsering verification process wheraby the
enginearing team validate the output of their standards against the outcomas required by the
projact.

582 We recommend that RTM confirm the OEM support contracts are sufficiently comprehensive
540 We recommend that, in line with section 10.2.2 of the Quality Plan, auditors require audilaes o
determine the root cause of non-conformance and put in place actions to correct it
6.1 We recommend that details of where Risk Assessments or Risk Mitigation Plans can be located

is recorded within this seclion of the AMP.

6.1 We recommensd that the AMP be updalad o list assels that could affect accessibility with detall
recorded on how the passsngers are o be re-directed during this period of maintenance.

6.2 We racommend that a Buildings Fagcilities specific Quality Plan is produced outlining the

assurance required and procedurs for signing off work items for each system.
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8.3 We recommend that all specialist maintenance aclivities be recorded within the Maintenance
and Rehabilifation Plan to align with the activities noled in Saction 6 of the Assel Management
Plan.

6.3.3 We recommend that RTM begin to plan theilr delivary strategy for the renewsl of assets, with

intervention points defined and the process for renswing assets referencad in the AMP and
documented in the Maintenance and Rehabilitation Plan.

6.4 We recommend that Risk Mitigation plans for high-risk assets are recorded or linked 1o in the
Maintenance and Rehabilitation Plan with reference in the Asset Management Plan
6.6.1 Wa rscommend that requiremeants for competence managemaent are included in the facilities

subcontracts to provide assurance that appropriately trained and qualified staff are being
deployed to work on the network

65.10 We recommend that audits of the diractly delivered activities include a review of the tachnical
delivery.
610 We recommend that evidence of completed cleaning be included in the daily reporting

requirements if not done already, with future monitoring fo be undertaken to review the quality
of the cleaning over a larger sample including stations.

7.1 We racommend that all Midden Critical Elements ars identified and listed in the AMP with an
appropriate inspection regims also listad,

7.3.2 We recommend that the local process of the verification of structure repair quality is formalized
within the AMP for managing corraective maintenance.

732 We racommend that the local process o document defects in a tracking databass is recorded
within the AMP or within RTM's Maintenance and Rehabilitation plan.

7.4 Ag the network grows, we recommend that a more systemalic approach is taken to the

management and reporting of the structure’s portfolio, with the AMP detalling requirements for
defact tracking.

761 We recommend that the qualifications required o undertake structures inspactions be included
in tha matrix along with the competencias of the individuals within ART Enginsering that work
on the structures portiolio,

773 Wea recommend that RTM formalise the nead for internal report reviews/sign off through
competent individuals so that this local process is not lost.

.10 We recommend that audils include a review of the lechnical delivery of structures inspections o
orovide assurancs of the quality levels,

8.1 We recommend that RTM and Alstor consider formalising a requirement for self-assurance by

gach operating unit and implement a process to collale the resuits as a means of identifying
systamic issues,

8.1 We recommend that, in line with section 10.2.2 of the Quaiily Plan, auditors require audilees fo
detarmineg the root cause of non-conformance and put in place actions to correct i,

8.1 We recommend that RTG consider whether they have adequate assurance of delivery and
management of risk for the OLRT maintenance.

8.2 We recommend that the daily mesting is focussed more on the day ahead than the previous
day.

8.3 We racommend that consideration s given 1o how leaming from the previous weeks Tall downs

and successes can form part of the weekly meeting agenda with a view 1o taking this learning
and cascading o evervone involved in both the planning and axscution staged of the work
aiming at continuous improvement of the planning process.
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4.1.4 Wa rscommend that consideration should be given during the monitonng phase o determing if
the procsss includes vehicle maintenance risks and If the vehicle maintenance risks should be
docurmnented separately and reviewed more frequently due to the risk of serious injury or death
within any maintenance grganisation,

4.3.1 We recommend an addiional moniforing phase o fully assess the quality of preventative
maintenance. The monitoring phase should look 1o provide an insight into the overall quality of
maintenance dalivery to include but not limited to the planning of a task, documentation issuing
and briefing, technical ability of the team, availability of technical support, suitability of tools and
squipment, effectiveness of supervision, limescales for task completion and quality of
workmanship.

531 We recommend that a sample of the inspections are observed during the monitoring phase to
confirm that they are being undertaken fully. The team undertaking moniforing should take
copies of all the opan reactive work ordars to confirm that the physical stats of the assel aligns
with the records.

534 During the assessment phase, we were not able {0 observe how this information is used {o
manage the completion and closure of work orders and therefore we recommend that this
should be chacked during the monitoring phase.

551 We recommend that the asset register in GSlis tested further during the moniforing phase by
means of sampling and comparing the asssat register against either as-built records or a
physical inspection of somes areas of the natwork.

581 Wa racommend that this is reviewad during the monitoring phase, including areas such as the
level of professional gqualifications required by the job descriptions {o the individual competence
and experience requirements for each role in the team.

6.1 We recommend that the facilities asset list is verified during monitoring.

6.4 We recommend that monitoring is carried out to validate the quality of the data being input info
the IMIRS systam,

6.6.1 We racommend that the competence reviews carriad out on the facilities technicians are
sampled during the monitoring phass,

65.10 We recommend that station cleaning be in includad in future monitoring.

7.2 it is unclear what steps ART Enginsering have undertaken {o comply with the Quality plan, wa
racommend that this is considerad as part of any fulure monftoring.

7.3.1 We ware unable o verify the guality of the structures site visits to confirm all necessary

information is captured, we recommend that this be included in the scope for any Tulure
monitoring.
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