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Executive Summary
This paper presents 26 high-impact failure modes commonly encountered in complex rail systems projects, grounded in over
25 years of industry experience and lessons drawn from major Australian and international programs. It seeks to be a sponsor-
and project owner-grade pattern recognition guide for intervention before failure becomes irreversible. Each failure mode
listed is linked to a practical decision trigger designed to strengthen governance, reduce delivery risk, and improve integration,
assurance, and operational readiness thereby enabling informed intervention before issues escalate into systemic failure.

The risk weightings assigned to each failure mode reflect a qualitative assessment of both observed frequency and systemic
impact across major rail systems programs. Top-tier risks typically trigger cascading integration, assurance, and commercial
consequences if not addressed early, while mid-tier and sustained risks amplify delivery pressure over time. The intent is not
to prescribe rigid controls, but to provide a prioritised governance lens for sponsors and project owners to focus attention
where early intervention matters most.

Scope Limitation: This paper does not attempt to catalogue every possible delivery failure, such as deficiencies in business
case development and ongoing validation, quality assurance, safety accreditation, or broader organisational factors. Instead,
it simply focuses on a core subset of persistent and preventable risks that when addressed proactively, offer a clear opportunity
to de-risk systems delivery. In short, many of the challenges faced today and, in the future, can be mitigated (if not avoided
entirely) simply from drawing upon shared, local and international industry experience. PRINCE?2 phases are referenced
solely as a structural guide; the principles outlined are transferable and equally applicable within PMI, systems engineering,
alliance-based, and hybrid delivery models. The risk prioritisation and categorisation are intended to guide leadership focus
rather than imply rigid ranking or exclusivity of risk domains.

A Note from the Author

The author offers this work in a spirit of humility and collaboration, sharing hard-won lessons from over 25 years in the rail
industry with the hope the findings meaningfully support the practice of others and commitment to rail system delivery
excellence. It is intended as a gesture of goodwill, fostering shared learning and encouraging open, experience-based dialogue
among industry colleagues and reinforce the habit of drawing upon valuable lessons learned when delivering complex rail
system projects. Whether these insights are new or simply reinforce what is already known, it is hoped they prove useful,
however modest. The author also wishes to take this opportunity to thank industry Subject Matter Experts (SMEs) who
have personally worked with the author over the years — thank you for your expertise and professionalism.

Disclaimer: This document reflects the author’s personal views and does not represent the formal position of any
organisation. Constructive feedback and further dialogue are warmly welcomed.
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Introduction - Rail Systems Delivery
Delivering complex rail systems involves a unique set of challenges from tightly coupled technical interfaces and legacy
infrastructure constraints to the high stakes of seamless systems integration at handover. This document highlights key failure
modes observed in real-world project environments, offering practical, experience-based insights to improve future delivery
outcomes. Each failure mode is also mapped to the most relevant PRINCE2 6" Ed. project phase and a suggested
‘accountable’ project role, to help enable targeted governance and early intervention where it matters most.

The term “Golden Run™” describes a rail systems delivery outcome characterised by seamless integration, assured safety,
operational readiness, and sustained stakeholder confidence - achieved without last-minute remediation, crisis escalation, or
avoidable rework.

The failure modes and decision triggers described in this paper are consistent with a systems engineering approach to rail
delivery, including requirements definition, verification and validation, and progressive assurance through integration,
testing, and commissioning.

The artefacts referenced are indicative of disciplined rail systems delivery and are not intended as an exhaustive checklist.

How to use this document
This resource is intended to support project governance, e.g., gateway reviews, program health checks, and project
mobilisation efforts. Each lesson includes a decision trigger designed to prompt proactive governance, strengthen oversight,
and most importantly enable early risk mitigation. Where behaviours are described, they are typically the product of
structural, commercial, or governance conditions rather than individual intent.

How this paper was developed
The 26 failure modes presented in this paper are drawn primarily from the author’s direct experience supporting the delivery
of complex rail systems projects, and reflect recurring patterns observed across multiple programs rather than isolated,
project-specific issues. Independent review reports and publicly available lessons learned such as the Schott Review of Sydney
Metro (2021) and the Inland Rail Independent Review (2023) have been used selectively to validate and reinforce these
patterns, demonstrating that the issues described are systemic across major rail projects.

The appendices support interpretation of the main text: Appendix A illustrates alignment with selected independent review
findings, Appendix B explains the qualitative risk weighting approach used in the heat map, and Appendix C provides
additional reference material for readers seeking broader context. Appendix D outlines indicative governance and delivery
artefacts aligned to the identified failure modes. Selected failure modes are cross-referenced in Appendix A to findings from
independent reviews, reinforcing that these patterns are not isolated observations but recurring systemic issues identified in
formal external assessments.

Leadership intervention when projects are already in flight
This paper focuses on preventing avoidable delivery failures through early recognition and intervention, rather than detailing
reactive recovery actions. Any guidance for projects already exhibiting these failure modes is deliberately limited to
identification, stabilisation, risk containment and where necessary, recalibration of the delivery strategy.
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26 Common Failure Modes

Top-Tier: Critical Failure Drivers

The following typically lead to systemic project failure (cost overrun, schedule delay, compromised quality, or reduced
system performance) or derail strategic intent if not addressed early. These risks typically interact and compound, meaning
early weakness in one domain often manifests later in integration, assurance, or readiness breakdown.

1. Requirements Management Risk Weight = 20/20

Incomplete, evolving, or poorly articulated requirements whether functional, non-functional, or operational create rework,
scope volatility, and costly design misalignment if not deliberately managed against a clear, formally established business
requirements baseline.

While some requirements cannot be fully qualified at project commencement and may only be resolved through design
development, delivery risk escalates where such uncertainty is not explicitly identified, captured within the baseline, and
governed through disciplined change control - progressively eroding confidence and value for money.

PRINCE?2 Phase: Initiating a Project

Investigate & Fix: Has the project established a formal, sponsor-endorsed business, operational (including maintainability and supportability), and
technical requirements baseline that clearly distinguishes between fixed requirements and those subject to refinement through design or tender
clarification, and has the baseline been formally reviewed and reset at contract award?

Is a structured change control process in place to manage the evolution of requirements in a way that maintains transparency and confidence in value for
money?

Refer: Operational Specification (OPSPEC), Business Requirements Specification (BRS), Performance & Technical Requirements Specification (PTRS),
Concept of Operations (CONOPS), Requirements Traceability Matrix (RTM), Verification Cross Reference Matrix (VCRM), Test & Commissioning
Plan, Engineering Change Control Procedure

Accountable Role: Project Sponsor (supported by Systems Engineering Manager and Project Director)

2. Capability & Role Alignment Risk Weight = 20/20

Appointing individuals to key roles without the requisite experience, delegated authority, or capability alignment
particularly in systems or interface-intensive environments introduces decision latency, weakens coordination, and
increases the risk of integration failure. This risk is further compounded where individuals retain substantive Business As
Usual (BAU) responsibilities alongside project accountabilities, creating divided focus and conflicting priorities in roles
that require sustained technical and integration leadership.

PRINCE?2 Phase: Starting Up a Project + Initiating a Project | Theme: Organisation

Investigate & Fix: Are all key project roles across client, delivery, and systems teams filled by individuals with the right capability, delivery experience,
and alignment to project complexity?

Refer: Project RACI Matrix, Competency Framework, Systems Integration Resource Plan
Accountable Role: Project Director (with input from Sponsor and HR/Capability Lead)
3. Systems Design, Deployment & Integration Risk Weight = 20/20

Weak or incomplete systems design particularly where designs are not formally validated against requirements creates
latent integration risk that typically emerges during testing, commissioning, or operational handover.

When systems design, deployment, and integration are treated as sequential or loosely coupled activities, unresolved design
assumptions, interface gaps, and verification shortfalls result in late-stage conflicts, rework, and delayed readiness across
interdependent packages.

PRINCE?2 Phase: Managing Product Delivery | Theme: Plans, Quality
Investigate & Fix: Is there a defined, resourced, and governed systems integration strategy with clear sequencing, explicit integration authority, and
accountable ownership across all delivery packages - including where multiple contractors are delivering sub-systems and has the integration approach

been aligned to requirement maturity and supported by structured collaboration to manage interfaces effectively?

Refer: Systems Integration Strategy (SIS), Interface Control Document (ICD), Master Integration Plan
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Accountable Role: Systems Engineering & Integration Manager (governed by the Project Director)

4. Interface Management Risk Weight = 20/20

Unclear, undocumented, or unowned interfaces lead to scope gaps, late-stage rework, safety risks, and delays especially
where multiple contracts, disciplines, and operational interfaces converge. This includes not only technical and contractual
boundaries, but also human factors considerations where system design interacts with operator, maintainer, and user
behaviour.

PRINCE?2 Phase: Initiating a Project + Managing Product Delivery | Theme: Plans, Risk, Organisation

Investigate & Fix: Have all critical system, operational, physical, contract and human-system interfaces been formally defined, documented, and assigned
accountable owners on both sides?

Refer: Interface Register, Interface Definition Sheets (IDS), Interface Control Document (ICD), Interface Risk Log, Operational Risk Log, Human
Factors Integration Plan

Accountable Role: Project Director (with integration authority typically delegated to a nominated Systems Integrator on major programs, supported by
the Interface Manager, Human Factors Lead, and Systems Engineering Package Leads)

S. Change Control Risk Weight = 20/20

Uncontrolled or poorly governed changes (especially late-stage) bypass technical scrutiny, introduce unmanaged risk, and
compromise design integrity. Where impact assessments focus narrowly on time and cost, without equivalent consideration
on quality, safety, assurance, training, documentation, and operational readiness implications, changes can destabilise
commissioning plans and degrade long-term maintainability and performance.

PRINCE?2 Phase: Controlling a Stage | Theme: Change

Investigate & Fix: s a structured, enforced change control process in place, with formal impact assessments across time, cost, risk, quality, safety,
training, maintainability, and operational readiness prior to approval and implementation?

Refer: Engineering Change Control Procedure, Configuration Management Plan (CMP), Change Request Log, Training Strategy, Maintenance
Requirements, Operational Readiness Plan, Assurance Impact Assessment.

Accountable Role: Design Manager (governed by the Project Director and Change Control Board Chair)

6. Schedule Management Risk Weight = 20/20

In complex rail systems delivery, schedule risk rarely sits on a single critical path. Instead, multiple interdependent critical
paths often exist across disciplines, interfaces, access constraints, assurance activities, systems integration, and particularly
in non—turn-key environments across multiple supplier contracts with differing milestones and delivery obligations.

To manage this effectively, a single, Integrated Master Schedule (IMS), jointly agreed between the client and delivery
partners, is essential as the authoritative source of truth for major milestones and sequencing.

Where focus is limited to the currently visible critical path, or where the IMS is absent, fragmented, or not actively used,
secondary or emerging paths can quietly consume float and surface late as “unexpected” delays undermining confidence,
decision-making, and integration readiness.

PRINCE?2 Phase: Initiating a Project | Theme: Plans

Investigate & Fix: Has a single Integrated Master Schedule (IMS), jointly agreed between the client and delivery partners, been established as the
authoritative source of truth for major milestones and sequencing?

Has the IMS been validated by relevant subject matter experts to test key sequencing and duration assumptions, and is it actively used to manage multiple
interdependent critical paths?

Refer: Integrated Master Schedule (IMS), Schedule Basis and Assumptions, Critical Path Network Diagram, Possessions Schedule, Operational Impact
Register

Accountable Role: Project Controls Manager (with oversight from the Project Director)

7. Siloed Delivery Risk Weight =20/20

Discipline or contract silos fragment delivery, delay decisions, increase rework, and obstruct system-level optimisation
placing overall project outcomes at risk. While delivery teams are often aligned around project objectives, misalignment
frequently emerges where supporting functions (such as commercial, procurement, safety, assurance, corporate services, or
regulatory and certification bodies) operate to different organisational priorities or KPIs, creating friction, delayed
approvals, and unintended constraints on integrated delivery. This is particularly evident where equipment and system type
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approvals, certification activities, and regulatory acceptance processes are not deliberately embedded within the integrated
delivery plan. These structural divisions are often further reinforced by strong functional identities, differing risk appetites,
and individual leadership styles which if not actively aligned entrench siloed behaviours and inhibit system-wide decision-
making.

PRINCE2 Phase: Managing Product Delivery | Theme: Organisation, Plans

Investigate & Fix: Are all delivery teams and supporting functions operating to a single integrated plan with shared outcomes and aligned priorities
including coordinated allowance for equipment approvals, system type approvals, certification activities, and alignment with the Operator’s broader
capital works program or are differing technical, commercial, corporate, or portfolio priorities creating functional silos that impede timely decision-
making and system-level optimisation?

Refer: Integrated Delivery Plan, Interface Meeting Minutes, Systems Integration Governance Structure, Type Approval Strategy, Certification and
Acceptance Plan, Functional Interface RACI

Accountable Role: Project Director (supported by Systems Integrator, Package Leads, Functional Leads, and Approval/Certification Lead)

8. Complexity Management Risk Weight = 20/20

Unmanaged complexity across systems, interfaces, and packaging often remains latent through design and construction but
manifests sharply during testing and commissioning. Where complexity is not deliberately reduced through strategic
packaging, disciplined systems engineering, and clear design integration, testing activities become congested,
interdependencies are poorly understood, and commissioning sequences unravel under time pressure.

PRINCE?2 Phase: Initiating a Project + Managing Product Delivery | Theme: Plans, Risk

Investigate & Fix: Has project complexity been deliberately managed and reduced through strategic packaging, disciplined systems engineering, and
clear design integration supported by artefacts such as a Design Integration Matrix, Interface Definition / Control Specifications (IDS / ICS), and a
coherent Test & Commissioning Plan that progressively exposes interdependencies before integration and execution activities commence?

Refer: Project Execution Plan (PEP), Systems Engineering Management Plan (SEMP), Design Integration Matrix, Test & Commissioning Plan

Accountable Role: Project Director (with input from the Systems Engineering Manager and Design Integration Lead)

9. Assurance & Readiness Risk Weight = 20/20

Bypassing, diluting, or delaying independent readiness reviews increases the likelihood of latent defects, non-compliance,
and poor operational performance at handover. This risk is compounded where readiness maturity is not progressively
assessed and demonstrated prior to key phase transitions including before entering Independent Review (IR), detailed
design, or delivery stages and where assurance focuses narrowly on physical completion without equivalent rigor applied to
asset data quality, operational information, O&M documentation, spare parts provisioning, and training required to support
safe, reliable, and maintainable operations from day one.

PRINCE?2 Phase: Managing Stage Boundaries + Closing a Project | Theme: Quality, Risk, Progress

Investigate & Fix: Has the project progressively demonstrated and independently validated readiness maturity including systems assurance, safety,
operability, integration, asset data completeness, O&M documentation, spares, and operational training prior to entering major delivery or review phases,
rather than deferring assessment until commissioning or handover to the operator or owner?

Refer: Operational Readiness Plan (ORP), Systems Completion Strategy, Test & Commissioning Plan, O&M Documentation Register, Training Needs
Analysis and Completion Records, Stage Gate Readiness Criteria, Independent Review Entry/Exit Criteria

Accountable Role: Operational Readiness Manager (or equivalent client-appointed Readiness Lead), working in coordination with the Assurance
Manager, endorsed by the Project Director and formally accepted by the Operator / Asset Owner.

Mid-Tier: Major Risk Amplifiers

These issues escalate if left unmanaged and typically result in significant rework, cost, or delivery pain.

10.  Business Context Risk Weight = 16/20
Misalignment between project scope and the underlying business or operational need including whole-of-life asset
considerations results in wasted investment, delivery misdirection, and failure to realise intended outcomes. Where
lifecycle management requirements such as training, spares provisioning, maintenance strategy, and technical support are
not explicitly aligned to the business case and operational intent, downstream operational risk and avoidable cost are
embedded into the asset from day one.
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This risk is further heightened on longer-duration programs, where structural or leadership changes can introduce revised
priorities or new requirements; unless the Concept of Operations (CONOPS) and business context are deliberately
revisited, revalidated, and re-baselined, strategic drift can occur without explicit governance.

While misalignment of business context may not cause immediate delivery failure, it materially amplifies downstream risk
across requirements, design, integration, and benefits realisation.

PRINCE?2 Phase: Starting Up a Project | Theme: Business Case

Investigate & Fix: As defined in the CONOPS and supporting business case artefacts, is the project’s scope, delivery strategy, timeframe and lifecycle
support model clearly aligned with the operational problem or strategic outcome it is intended to solve, including training, maintenance, spares, and long-
term asset support requirements?

Refer: Strategic Business Case (SBC), Investment Logic Map (ILM), Operations Strategy, Asset Management Plan, Concept of Operations (CONOPS),
Through-Life Support Strategy

Accountable Role: Project Sponsor (in consultation with the Project Director and Asset Owner)

11. Stakeholder Engagement Risk Weight = 16/20

Poorly managed stakeholder engagement (particularly where project communications lack clarity, consistency, or
timeliness) lead to misalignment, scope volatility, delayed objections, and erosion of trust, ultimately undermining delivery
certainty, the project’s social license, and organisational reputation.

PRINCE?2 Phase: Initiating a Project | Theme: Organisation
Investigate & Fix: Have all critical stakeholders been identified, engaged early, and embedded in scope definition and key decision-making processes?
Refer: Stakeholder Engagement Plan (SEP), Communication & Consultation Strategy, Community Impact Register, Operational Impact Register

Accountable Role: Stakeholder & Communications Manager (with oversight from the Project Sponsor)

12.  Access Planning Risk Weight = 16/20

Failure to adequately plan for brownfield access, possessions, and live operational constraints (including a clear
understanding of existing asset condition) results in unrealistic schedules, unplanned remediation, and tension between
project delivery, contractors, and operations.

Where dilapidation surveys or asset condition assessments are incomplete, outdated, or absent, latent asset condition issues
frequently emerge during access windows, consuming float, triggering design rework, and driving late-stage disruption,
cost escalation, and delay. This risk is compounded where multiple projects or operational requirements compete for the
same possession windows, creating contention, resequencing pressure, and further instability in delivery planning.

PRINCE?2 Phase: Initiating a Project | Theme: Plans, Risk

Investigate & Fix: Have brownfield access constraints, possession strategies, and asset condition risks including the scope and timing of dilapidation
surveys been fully integrated into the delivery plan, schedule logic, and contingency allowances?

Refer: Access Strategy, Possession Plan, Rail Safety Worksite Access Protocols, Network Rules and Procedure Requirements

Accountable Role: Construction / Delivery Director (in consultation with Access Coordinator, Operations Interface Manager, Systems Engineering
Manager)

13. Transparency Risk Weight = 16/20

Limited transparency conceals emerging risks, distorts decision-making, and allows unseen issues to escalate into costly
failures. This is particularly acute in software-intensive systems, where progress and maturity are less visible and
confidence may be overstated. In the absence of independent expert audits, leadership often lacks objective insight into true
delivery status, integration readiness, and residual risk.

PRINCE?2 Phase: Directing a Project | Theme: Progress

Investigate & Fix: Does project reporting provide objective, independently informed visibility of delivery maturity, risks, and integration readiness,
particularly for software-intensive systems, supported by progressive software verification and validation (V&V), simulation environments, or other
demonstrable integration evidence, or is confidence primarily based on self-reported progress and schedule optics?

Refer: Delivery Dashboard, Stage Gate Reports, Risk and Issue Registers, Independent Expert Audit Reports, Software Assurance Reviews

Accountable Role: Project Director (with assurance oversight from the Project Board or Independent Reviewer)
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14. Digital Readiness Risk Weight = 16/20

Poorly defined or delayed digital strategy including Building Information Modelling (BIM), data standards, configuration
management, and asset information may appear compliant at staged design milestones (e.g. PDR, DDR, as-built) yet still
lack the maturity, integration, or operator usability required for effective long-term support.

While digital artefacts are typically produced progressively throughout design and delivery, risk arises where their
completeness, accuracy, and alignment to asset information requirements are assumed rather than independently validated.

Where digital readiness is treated primarily as a documentation milestone rather than a progressive delivery obligation, data
gaps, unreliable asset records, and unsupported systems emerge post-commissioning, transferring avoidable cost and risk to
operations.

PRINCE?2 Phase: Initiating a Project + Managing Product Delivery | Theme: Plans, Quality

Investigate & Fix: Is digital readiness including asset data quality, configuration integrity, and system supportability being progressively demonstrated,
independently validated, and formally accepted prior to handover, rather than assumed complete?

Refer: BIM Execution Plan (BEP), Asset Information Requirements (AIR), Common Data Environment (CDE)

Accountable Role: Digital Engineering Manager (accountable to the Project Director, Asset Owner Representative, and Systems Engineer)

15.  Lessons Learned Risk Weight =16/20

Failure to capture, revisit, and apply lessons from prior projects or earlier stages of the current program leads to repeated
mistakes, unmanaged risk, and erosion of organisational learning. Where lessons are recorded but not routinely re-
examined and actively tested against current delivery decisions, known failure modes are allowed to re-emerge despite
prior experience.

PRINCE?2 Phase: Closing a Project | Theme: Quality, Progress

Investigate & Fix: Have relevant lessons from earlier stages and past projects been captured, validated, regularly revisited, and demonstrably embedded
into forward delivery plans, assurance activities, and governance decision-making to prevent repeat failures? If not, initiate a structured lessons review
workshop aligned to current project risks and upcoming milestones, and formally integrate validated lessons into updated plans, risk registers, and stage
gate criteria.

Refer: Lessons Learned Register, Close-out Reports, Assurance Panel Feedback, Periodic Lessons Review Records

Accountable Role: Assurance Manager (endorsed by the Project Director and Sponsor)

16. Business As Usual (BAU) vs Project Delivery Risk Weight = 16/20

Conlflicts between BAU operations and project delivery often intensify during phase transitions and are materially
influenced by the project’s delivery structure. Where delivery occurs within the same organisation as operations, competing
priorities, shared resources, and approval dependencies can strain alignment and blur accountability. Conversely, where
delivery is undertaken by a separate authority or external body, governance boundaries, interface management, and
accountability separation can introduce different forms of friction.

As leadership capability requirements shift from mobilisation to steady delivery and ultimately to close-out and transition
to operations, retaining the same leadership model without regard to phase suitability can slow decision-making, increase
operational strain, and weaken accountability - particularly where BAU resources, approvals, or operational readiness
activities are involved.

PRINCE?2 Phase: Initiating a Project | Theme: Organisation

Investigate & Fix: Are project and BAU roles, decision rights, and leadership capabilities aligned to each phase of the project lifecycle including
consideration of whether changes in project leadership or role emphasis are required to support mobilisation, steady delivery, or close-out and transition to
operations?

Refer: Delivery Governance Matrix, Operating Model Transition Plan, BAU Impact Register, Role Transition Plan

Accountable Role: Project Sponsor (in coordination with the Asset Owner and Project Director)
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17. Commercial Alighment Risk Weight = 15/20

Misaligned commercial frameworks and incentive structures (particularly where client controls focus on limiting cost and
schedule exposure while contractors are driven by internal margin and performance KPIs) can structurally reinforce
fragmented behaviours, increase disputes, and weaken collaboration.

Behavioural expectations and risk postures will differ depending on the commercial delivery model adopted (e.g. Design &
Construct, Alliance, PPP, Fixed Lump Sum, Schedule of Rates), and unless these inherent dynamics are deliberately
recognised and balanced through the commercial and governance model, system-wide delivery performance is undermined,
and integration risk accumulates.

PRINCE?2 Phase: Initiating a Project | Theme: Business Case, Organisation

Investigate & Fix: Do the commercial structures and incentive arrangements explicitly balance client cost and schedule protections with contractor
margin and performance drivers, in a way that supports integration, collaboration, and whole-of-system outcomes?

Refer: Project Delivery Strategy (PDS), Commercial Principles Matrix, Packaging Strategy

Accountable Role: Commercial Director (endorsed by the Project Sponsor and Project Director)

18. Delivery Confidence Risk Weight =12/20

Delivery confidence is undermined when schedules and budgets are shaped around externally imposed milestones without
a disciplined, first-principles validation of scope, sequencing, resourcing, and risk exposure.

In large rail programs (particularly those with immovable public or political commitments) external dates may be known at
project inception; however, unless the program is genuinely developed, stress-tested, and appropriately resourced to
achieve those commitments, confidence can persist even as underlying systems, software, and integration maturity lag
behind visible progress.

Where scope, staging, contingency, or risk tolerance are not deliberately adjusted to align with fixed commitments,
confidence becomes performative rather than evidential masking misalignment until it surfaces late as delay, cost
escalation, or compromised readiness.

PRINCE?2 Phase: Controlling a Stage | Theme: Progress

Investigate & Fix: Is delivery confidence grounded in a bottom-up, resource-loaded schedule developed from first principles and where external finish
dates or funding constraints apply, have resourcing, scope, staging, and risk acceptance been explicitly adjusted and agreed to make those commitments
achievable?

Refer: Maturity Assessments, Readiness Reports, Confidence Stage Reviews

Accountable Role: Project Director (in collaboration with the Assurance Manager and Controls Lead)

19.  Issue Escalation Risk Weight = 12/20

When escalation pathways are unclear, discouraged, or culturally suppressed, emerging risks and issues are contained at
lower levels rather than surfaced to decision-makers leading to compounding risk, delayed intervention, and reactive
firefighting. This is particularly acute where escalation arrangements are not clearly defined and aligned across contractual
provisions and project management plans, leaving teams uncertain about when, how, and to whom issues should be
formally escalated. It is often visible where design review comments or technical challenges are repeatedly carried forward
across stage gates without clear ownership, resolution, or escalation allowing known concerns to persist without decision.

PRINCE?2 Phase: Controlling a Stage | Theme: Risk, Progress

Investigate & Fix: Are escalation processes clearly defined, consistent, and enforceable across both the contract and project management plans, and are
unresolved risks, delivery, and operational issues being escalated promptly, constructively, and without fear of blame or political resistance?

Refer: Escalation Protocol, Issue Management Register, Delivery Governance Framework, Contractual Escalation Clauses, Project Management Plan

Accountable Role: Project Director (with support from Risk Manager and Delivery Leadership Team)

20. Governance Discipline & Challenge Culture Risk Weight =12/20

When critical thinking is absent or when constructive challenge is unintentionally discouraged through governance
structures, reporting incentives, or leadership signals, flawed assumptions persist, risks go untested, and decisions lack
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robustness - ultimately undermining delivery confidence.

PRINCE?2 Phase: Cross-cutting | Theme: Risk, Progress, Organisation

Investigate & Fix: Are key assumptions, constraints, and risks being constructively challenged and tested through structured governance and assurance
forums?

Refer: Risk Workshop Outputs, Design Safety Reviews, Assurance Gate Decision Papers, Operational Impact Workshops

Accountable Role: Project Sponsor (supported by the Project Director and Assurance Manager)

Sustained Delivery Risks

Important for sustained success and team performance but typically do not trigger immediate project failure on their own.

21. Incentive Alignment Risk Weight = 12/20

Misaligned incentives across commercial, technical, operational, and delivery teams structurally reinforce conflicting
behaviours, reduce collaboration, and compromise integrated project outcomes. This is often most visible at delivery and
construction interfaces, where scope boundaries, battery limits, or package-level KPIs encourage local optimisation and
“not my scope” behaviours that undermine whole-of-system performance.

PRINCE?2 Phase: Initiating a Project | Theme: Organisation, Business Case

Investigate & Fix: Do leadership, package, and delivery incentives actively promote integrated systems outcomes and shared problem-solving, or do
scope boundaries, margin pressures, and performance KPIs encourage local optimisation at the expense of system performance?

Refer: Contract Incentive Framework, Collaborative Delivery Charter, Package KPIs and Performance Regime

Accountable Role: Project Sponsor (in partnership with the Commercial Director and Project Director)

22.  Hero Culture Risk Weight = 12/20

Over-reliance on reactive recovery, extended hours, and individual heroics - often unintentionally reinforced by schedule
pressure or leadership signals - can mask systemic issues, suppress risk visibility, and normalise unsustainable delivery
practices. While such behaviours may create short-term progress, they typically lead to burnout, reduced transparency,
increased key person dependency, and progressive degradation of governance discipline - threatening continuity, effective
knowledge transfer, long-term project and system performance, and organisational resilience.

PRINCE?2 Phase: Controlling a Stage | Theme: Progress, Organisation

Investigate & Fix: Is the project sustaining performance through planned delivery and structured assurance or depending on reactive recovery, overwork,
and individual intervention?

Refer: Lessons Learned Logs, Delivery Recovery Plans, Leadership Coaching Briefs
Accountable Role: Project Director (in collaboration with the Program Manager and People & Culture Lead)

23. Team Cohesion Risk Weight =12/20

Low cohesion across disciplines or delivery partners evidenced by interpersonal conflict, absenteeism, or fragmented
interface resolution undermines collaboration, fosters cynicism, slows decision-making, and heightens delivery risk.

PRINCE2 Phase: Managing Product Delivery | Theme: Organisation, Progress

Investigate & Fix: Are multidisciplinary delivery teams aligned and collaborating using shared tools, schedules, and priorities irrespective of the
commercial delivery model adopted or has the chosen model (e.g. Alliance, PPP, D&C) been assumed to deliver cohesion without deliberate governance,
behavioural alignment, and integrated decision-making?

Refer: Team Operating Model, Integration Team Charter, Delivery Interface Protocols
Accountable Role: Project Director (supported by the Delivery Manager and Integration Leads)
24.  Benefits Realisation Risk Weight = 12/20

Failure to track and manage benefits beyond practical completion limits accountability, obscures long-term value, and
prevents organisational learning that could improve future investments. This risk is amplified where the project team
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disbands following delivery and benefit ownership transfers to operational teams without clear accountability, monitoring
mechanisms, or performance transparency. In such environments, under-realisation of promised benefits can remain
unexamined or unreported - weakening confidence in future investment decisions and eroding shareholder and public trust
in the forecast return on investment outlined in the business case.

PRINCE?2 Phase: Closing a Project | Theme: Business Case

Investigate & Fix: Is there a defined plan with clear ownership, measurable baselines, and tracking mechanisms to realise and report benefits beyond
asset completion?

Refer: Benefits Realisation Plan (BRP), Key Results Dashboard, Post Implementation Review (PIR)

Accountable Role: Project Sponsor (with support from the Asset Owner and Benefits Realisation Lead)

25. Project Fatigue Risk Weight = 9/20

Prolonged delivery timelines, shifting priorities, sustained rework, repeated replanning, and turnover of key personnel
erode team resilience, introduce cynicism, reduce productivity, and impair decision quality. Over extended project
durations, particularly where delivery is perceived to be struggling, changes in leadership or specialist personnel can disrupt
continuity, weaken institutional knowledge, and reset decision-making dynamics. This fatigue is often compounded by
training fatigue, where extended delays or reset milestones require operators, maintainers, and end users to repeat training
multiple times frustrating stakeholders, diminishing engagement, increasing the risk of human factors errors (including
safety-critical mistakes) and weakening operational readiness at handover.

PRINCE?2 Phase: Controlling a Stage + Managing Stage Boundaries | Theme: Progress, Organisation

Investigate & Fix: Are delivery milestones, resource planning, training schedules, and team support structures deliberately designed to maintain energy,
continuity, and sustained performance over the life of the project, including minimising avoidable rework and repeated training cycles?

Refer: Delivery Phasing Plan, Project Team Health Metrics, Rotational Resourcing Schedule, Training Strategy and Schedule, BAU Operational Impact
Assessment

Accountable Role: Project Director (with support from the Delivery Manager and HR/People Lead)

26. Work Environment Risk Weight = 9/20

Complex rail systems projects are inherently demanding and require sustained high-performing teams. Where the physical
or cultural working environment is poorly structured, morale erodes, cynicism increases, absenteeism and turnover rise, and
productivity, safety, and delivery quality are compromised - undermining both individual wellbeing and long-term project
performance.

PRINCE?2 Phase: Cross-cutting | Theme: Organisation

Investigate & Fix: Is the working environment both physical and cultural suitable to support safe, sustained, and collaborative high team performance
throughout the project lifecycle?

Refer: Project Accommodation Plan, Psychological Safety Checklist, Team Pulse Survey Results

Accountable Role: Project Director (in partnership with People & Culture Lead and Health, Safety & Environment Manager)
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Appendix A: Alignment with Independent Reviews — Schott (Sydney Metro, 2021) & Inland Rail
(2023)

This appendix maps selected failure modes identified in this document to relevant findings from the Schott Review of
Sydney Metro (2021) and the Inland Rail Independent Review (2023). These connections reinforce the practical relevance
of the risks and decision triggers outlined in this report.

Table A-1: Alignment with past Australian Independent Reviews
# Failure Mode Referenced Review Supporting Observation from Review
1 Requirements Inland Rail (2023) Unclear and shifting scope disconnected from business justification led to delays and
Management cost overruns.
5 Capability & Role Both Lack of skilled personnel in critical roles contributed to delivery missteps and poor
Alignment integration.
3 System§ Deployment & Sydney Metro (2021 Weak §y§terps integration planning and unclear responsibilities delayed testing and
Integration commissioning.
Interfaces between stations, systems, and signalling lacked ownership and governance,
4 Interface Management Sydney Metro (2021 leading to late-stage c]_ashes o_ften exace_r_bated w_here the_Prmmpal Contr_actor _dld not
possess deep systems integration capability, particularly in control and signalling
disciplines operating under a civil-led delivery model.
5 Business Context Inland Rail (2023) Strategic misalignment between project scope and intended national freight outcomes.
6 Change Control Sydney Metro (2021) Late-stage technical changes were implemented with inadequate impact analysis.
7 Schedule Management Both Tlmelm_es were unrealistic, particularly for integration, readiness, and brownfield
possessions.
8 Assurance & Readiness Sydney Metro (2021) Project proceeded to trial operations without credible evidence of systems readiness.
9 Stakeholder Engagement Inland Rail (2023) C01.nmun1t)_/, s_te_lte, and landholder engagement was inconsistent and failed to shape
delivery priorities.
10 Access Planning Sydney Metro (2021 Pgssessmn planning for brownfield works was underestimated, impacting delivery
windows.
12 Commercial Alignment Both Commermgl models incentivised output delivery over integration, collaboration, or
whole-of-life outcomes.
3 Delivery Confidence Sydney Metro (2021 Leade_rsh}p maintained confidence reporting despite known readiness and systems
maturity 1ssues.
14 Digital Readiness Sydney Metro (2021) BIM and data handover strategies were immature, limiting asset integration readiness.
15 Siloed Delivery Both Dellyery paf:kages and d1§01p11nes worked in isolation, limiting systems coordination
and increasing interface risk.
16 Issue Escalation Sydney Metro (2021) Assurance reviews found a culture of withheld issues and delayed escalation.
17 Complexity Management Sydney Metro (2021 Sylstem—lwu'ie complexity was not simplified through packaging or interface
rationalisation.
24 Lessons Learned Inland Rail (2023) Hlstongal Iessqns were identified but not applied contributing to repeated integration
and delivery failures.
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Appendix B: Heat Map of Rail Systems Delivery Failure Modes

Risk Weighting Methodology

Each failure mode has been assigned a qualitative risk weight (1-20) derived from a simple impact x likelihood

assessment.

o Impact (1-5): Consequence to cost, schedule, safety, integration, or strategic intent if the failure manifests.

e Likelihood (1-5): Observed frequency across major rail systems programs. The weighting is indicative and

intended to stimulate governance focus rather than prescribe absolute rankings.

Table B-1: Risk Weight Calculations to support Heat Map

Failure Mode Impact| Likelihood | Risk Score Tier
20. Project Fatigue 3 3 9 Sustained Risk
26. Work Environment 3 3 9 Sustained Risk
13. Delivery Confidence 4 3 12 Sustained Risk
16. Issue Escalation 4 3 12 Sustained Risk
18. Governance Discipline 4 3 12 Sustained Risk
19. Incentive Alignment 4 3 12 Sustained Risk
21. Hero Culture 4 3 12 Sustained Risk
22. Team Cohesion 4 3 12 Sustained Risk
25. Benefits Realisation 4 3 12 Sustained Risk
12. Commercial Alignment 5 3 15 Mid-Tier
23. BAU vs Project Delivery 4 4 16 Mid-Tier
5. Business Context 4 4 16 Mid-Tier
9. Stakeholder Engagement 4 4 16 Mid-Tier
10. Access Planning 4 4 16 Mid-Tier
11. Transparency 4 4 16 Mid-Tier
14. Digital Readiness 4 4 16 Mid-Tier
24. Lessons Learned 4 4 16 Mid-Tier
1. Requirements Management 5 4 Top-Tier
2. Capability & Role Alignment 5 4 Top-Tier
3. Systems Integration 5 4 Top-Tier
4. Interface Management 5 4 Top-Tier
6. Change Control 5 4 Top-Tier
7. Schedule Management 5 4 Top-Tier
8. Assurance & Readiness 5 4 Top-Tier
15. Siloed Delivery 5 4 Top-Tier
17. Complexity Management 5 4 Top-Tier

Impact Rating; 1 = Insignificant, 2 = Minor, 3 = Moderate, 4 = Major, 5 = Catastrophic

Likelihood Rating; 1 = Rare, 2 = Unlikely, 3 = Possible, 4 = Likely, 5 = Almost Certain
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Appendix C: Additional Resources

Australian Resources

e Sydney Metro — Schott Independent Review (2021)
A comprehensive analysis of governance, integration, and delivery lessons from Australia's largest public transport

project.
Available at: https://www.transport.nsw.gov.au/system/files/media/documents/2023/Sydney_Metro_Independent_Review.pdf
Accessed: 03 February 2026

o Inland Rail Independent Review (2023) — Dr. Kerry Schott

Highlights misalignment of business case, stakeholder engagement, and integration risk in freight rail megaprojects.
Available at: https://www.infrastructure.gov.au/department/media/publications/delivery-inland-rail-independent-review
Accessed: 03 February 2026

o Infrastructure Australia — Lessons Learned Program
Aggregated insights across major infrastructure projects, including rail, drawn from post-completion reviews and case

studies.
Available at: https://www.finance.gov.au/government/assurance-reviews-and-risk-assessment/lessons-learned-gateway-reviews
Accessed: 03 February 2026

International Resources

e Crossrail Learning Legacy Portal (UK)
One of the most comprehensive repositories of documents, processes, and lessons from a complex urban rail
megaproject.
Available at: https:/learninglegacy.crossrail.co.uk/
Accessed: 03 February 2026

e US Federal Transit Administration (FTA) — PMO Reports
Shares oversight findings and audit reports from large rail transit projects across the U.S., often highlighting failure

modes in planning, cost control, systems integration, and safety assurance.
Available at: https://www.transit.dot.gov/
Accessed: 03 February 2026
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Appendix D: Indicative Governance & Delivery Artefact Framework

The artefacts listed below are indicative of disciplined rail systems delivery practice and are not intended as a prescriptive
or exhaustive checklist. The appropriate level of documentation should be proportionate to project scale, risk, and delivery

model.

Artefacts in BOLD are core artefacts.

1. Requirements & Change Governance

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle Stage

Business Context

1. Strategic Business Case (SBC)

Defines strategic need, benefits, and
investment rationale

Starting Up

Business Context

2. Investment Logic Map (ILM)

Clarifies problem definition and outcome
logic

Starting Up

Business Context

3. Concept of Operations (CONOPS)

Articulates intended operational model and
system behaviour

Initiation / Design

Business Context

4. Operations Strategy

Defines operational model and asset
utilisation

Initiation

Business Context

5. Asset Management / Through-Life
Support Strategy

Establishes lifecycle management approach

Initiation / Delivery

Business Context

6. Benefits Realisation Plan

Defines long-term maintenance and support
model

Initiation

2. Requirements & Change Discipline

Failure Mode . . .
. Artefact Primary Purpose Prince2 Lifecycle Stage
Alignment
Requirements Operational Specification (OPSPEC) Defines operational requirements Initiation
Management
Requirements Business Requirements Specification (BRS) |[Captures stakeholder and business needs Initiation
Management
Requirements Performance & Technical Requirements . s .
Management Specification (PTRS) Defines measurable system requirements Initiation / Design
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Failure Mode

. Artefact Primary Purpose Prince2 Lifecycle Stage
Alignment y P y g
Requirements Requirements Baseline Register Establishes controlled requirement baseline Initiation
Management
Requirements Requirements Traceability Matrix (RTM) [|Maintains traceability from need to verification ||Design / Delivery
Management
Change Control Engineering Change Control Procedure Governs design and scope changes Delivery
Change Control Configuration Management Plan (CMP) Maintains configuration integrity Delivery
Change Control Change Request Log Tracks approved and pending changes Delivery

3. Systems Engineering & Integration

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle Stage

Systems Integration ||7. Design Integration Matrix Identifies and manages system interdependencies ||Design
Interface 8. Interface Register Tracks system and contractual interfaces Design / Delivery
Management
Interface 9. Interface Definition Sheets (IDS) Defines interface responsibilities Design
Management
Interface Lo . .

10. Interface Control Document (ICD) Controls technical interface agreements Design / Delivery
Management
Schedule . . . . .

11. Integrated Master Schedule (IMS) Establishes integrated sequencing and milestones [|Delivery
Management
Schedule . . . . .

12. Schedule Basis & Assumptions Documents schedule logic and constraints Delivery
Management
Complexity 13. Systems Integration Governance Defines integration authority and oversight Delivery
Management Structure
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4. Assurance, Readiness & Commissioning

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle
Stage

Assurance & Readiness

14. Operational Readiness Plan
(ORP)

Defines readiness criteria and evidence
requirements

Stage Boundaries

Assurance & Readiness

15. Stage Gate Readiness Criteria

Establishes phase transition acceptance
thresholds

Stage Boundaries

Assurance & Readiness

16. Independent Review Entry/Exit
Criteria

Governs independent assurance checkpoints

Stage Boundaries

Defines system completion and verification

Assurance & Readiness 17. Systems Completion Strategy sequence Delivery
Assurance & Readiness 18. Test & Commissioning Plan Defines integrated testing approach Delivery
. . . Tracks completeness of operational .
Assurance & Readiness 19. O&M Documentation Register : Delivery
documentation
Assurance & Readiness 20. Training Needs Analysis & Demonstrates training completion and Delivery

Records

competence

5. Commercial & Incentive Alignment

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle Stage

Aligns commercial outcomes to system

Commercial Alignment 21. Contract Incentive Framework Initiation
performance

Incentive Alignment %i'gfizkage KPIs & Performance Aligns delivery behaviour to system objectives  ||Delivery

Incentive Alignment 23. Collaborative Delivery Charter Establishes shared behavioural commitments Initiation
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6. Governance, Risk & Escalation

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle Stage

Issue Escalation 24. Escalation Protocol Defines formal escalation pathways Delivery
Issue Escalation 25. Issue Management Register Tracks and governs issue resolution Delivery
Governance Discipline i‘f"aﬁeelxi’:j:lz Governance Defines decision authority and oversight All Phases
Lessons Learned 27. Lessons Learned Register Captures learning from stages and prior projects Closing
Lessons Learned 28. Close-Out Reports Formalises end-of-stage lessons Closing

7. Delivery Planning & Operational Constraints

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle Stage

Access Planning 29. Possession Strategy Coordinates operational access windows Delivery
Access Planning 30. Dilapidation Survey Reports Identifies existing asset condition Delivery
Siloed Delivery 31. Integrated Delivery Plan Aligns disciplines and packages Delivery
Siloed Delivery éfr‘a(;egr}t/iﬁcation & Type Approval Integrates regulatory and approval dependencies Delivery
BAU vs Project Delivery ||33. BAU Impact Assessment Identifies operational conflict risks Delivery
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8. People, Culture & Team Performance

Failure Mode
Alignment

Artefact

Primary Purpose

Prince2 Lifecycle Stage

Team Cohesion 34. Team Operating Model Defines team structure and collaboration model Delivery
Work Environment 35. Psychological Safety Checklist Assesses cultural health Delivery
Project Fatigue 36. Team Pulse Survey Monitors morale and engagement Delivery

- END -
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