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The overall MLBE project includes a 5.7-km extension of the existing Millennium Line from VCC station to
Arbutus Street along Broadway Avenue. The extent of the Project and its relation to the existing transit
network is illustrated in the figure below.
Figure 1 SkyTrain Network Map

The Project includes the following major capital components.


Construction of six (6) underground stations;



Tunnel length of 5.7km;



700m of elevated guideway; and



An interconnection at VCC-Clark Station.

The capital budget for the Project is estimated to be in the order of $2.8 billion.
For a more detailed description of the project background and scope refer to the MLBE Project Business
Case.
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2. Analyzing the range of possible consequences of the risks identified;
3. Evaluating the likelihood and potential impact of those consequences;
4. Developing prevention and mitigation strategies for identified risks; and
5. Quantifying, where possible, the dollar value of these outcomes to the project; and
6. Recording the results of this process in a risk matrix.
2.2.1

Risk Identification and Description

The first step in the risk assessment process involves identifying and describing the potential material
risks (from both technical and financial perspectives), the causes and potential consequences. The aim of
this step is to generate a comprehensive list of risks based on those events that might create, enhance,
prevent, degrade, accelerate or delay the achievement of project objectives.
For ease of tracking, risks are organized by the stage of the project life cycle in which they are expected
to occur. There are generally two key periods in a project’s development:


Planning, procurement, design and construction and transition/commissioning of the project
leading up to service commencement (herein referred to as Capital Risks); and



Operating period risks (herein referred to as Operating Risks) are identified, allocated and
evaluated but not quantified for financial modelling and value for money purposes since the
procurement method compares a DB and a DBF.

During preparation of the Business Case, the Project is in the planning stage. Technical and financial
information about the Project is gathered, analyzed and compiled into a comprehensive document that
becomes the Business Case. The information is subject to due diligence at this stage, however there can
be further refinement and modification throughout the project’s life cycle. It is important at this stage to
specify sufficient detail about each risk event, as a comprehensive description can help inform the risk
quantification and the development of potential scenarios.
When preparing documentation in anticipation of the procurement stage, the risk matrix can be used to
guide or confirm the risk allocation contained in the Project’s Contract.
2.2.2

Risk Allocation

Once the risks have been identified, each one is evaluated to determine which party (the Province or the
private sector) is exposed under each procurement model and which party is best able to manage the risk
at the lowest cost. From the perspective of the Province, a risk can be transferred to the private sector,
shared with the private sector or retained. One of the key differences between procurement models is
how risk is allocated between the parties and subsequently managed by the responsible party.
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As the Project progresses during the procurement process, it may become apparent that the initial
allocation does not provide the best value for money for the Province, in which case the allocation may be
amended as appropriate. For example, a geotechnical risk may initially be classified as transferred during
the business case stage. Further geotechnical studies completed after the Business Case may reveal
unexpected ground conditions. Rather than fully transfer the risk, it may be more cost-efficient at that
point to share the risk exposure with the private sector. This example illustrates the importance of keeping
a risk management plan up to date throughout a project’s development.
The transferred risks, together with the portion of the shared risks expected to be transferred to the
private sector, are incorporated into the draft Contract. Until negotiations with the preferred proponent
begin, it is assumed that each shared risk will be “split” equally between the private sector and the
Province. This assumed split is further refined during the procurement stage of the process as the
contract is developed and comments are received from proponents during the Request for Proposals
(RFP) stage.
The retained risks are expected to be retained by the Province and are used in part to assess the size of
the project reserve necessary to protect against the risk exposure.
Project teams will typically not quantify risks that may be high impact, but have a very small probability of
occurring. These include natural disasters and other “high impact, very low probability” events. Typically
speaking, broader provincial emergency plans (which are beyond the scope of this analysis) would come
into play under such circumstances.
2.2.3

Risk Treatment: Prevention and Mitigation

The risk allocation described above is part of an ongoing risk management process that enables parties
to reduce the probability of a risk occurring as well as mitigating the consequences of a risk should it
occur. A primary objective of risk management is to reduce potential negative outcomes by identifying
risks, analyzing them and implementing strategies to deal with them on an ongoing basis.
While risks are often thought of as events with only negative consequences, proactive risk management
can create value. For example, a comprehensive investigative testing program carried out in advance of
procurement may provide the Project team with more complete information and less uncertainty. New
information may reduce the probability of a risk materializing or may provide the Project team with an
opportunity to proactively deal with the issue at a lower cost.
The treatment strategies developed should be clear and realistic and involve the necessary Project team
resources. The risk management process should form an integral part of the Project team’s broader
project management.
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sufficient reserve in place to adequately address risk events within the Project budget. The impact of
individual risks on the total capital risk value is illustrated and described in section 3.3.1.
Project teams consider several factors in determining which risks to quantify. These may include:


Materiality – If the risk were to materialize, would it have a significant impact (financial, schedule,
public perception, program delivery)?



Estimable – Can the risk impact be reasonably and accurately estimated?



Risk Ranking – How high is the risk ranking (low/medium/high/extreme)?

The decision on which risks to quantify involves examining past precedent projects, as well as
considering unique project-specific risks that warrant further attention.
Most risks are quantified using a triangular distribution which involves inputting three key variables:
low/best case (5th percentile), most likely (50th percentile), and high/worst case (95th percentile). Using a
triangular distribution is often regarded as a good proxy for a normal distribution but is much more
straightforward in terms of obtaining the appropriate inputs. Refer to section 2.3.2 for additional
information.
2.3.1

Risk Quantification and the Project Contingency

The contingency is a critically important item in the project budget and should not be removed and
replaced with the quantified risk amount.
In traditional cost estimating, large contingencies are often added to the expected cost, reflecting the fact
that unforeseen circumstances may arise that could result in additional costs or delays. These
contingencies represent an initial estimate, based on the quantity surveyor (QS)’s experience, of the
expected additional costs that may be attributed to risks usually associated with changes or unanticipated
events.
Contingencies are not dealt with consistently across all QS estimates. The QS examines how developed
the project planning is and bases the contingency on previous experience. When the QS creates the
contingency for the Project’s indicative design estimate, the QS assumes the contingency will be spent,
which means the contingency cannot be regarded as a substitute for risk costing. The Project team
should review the contingency with the QS to confirm costs are not being double counted.
2.3.2

Monte Carlo Analysis and Risk Distributions

The expected value of each quantified risk is calculated based on the assumed distribution and the
estimated probabilities and scenario outcomes for each risk. In order to quantify the overall risks and
develop aggregated distributions, Partnerships BC uses statistical software, called @Risk, to perform a
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Monte Carlo analysis2. Monte Carlo analysis provides a means of evaluating the effect of uncertainty
using a large number of scenarios. It is a tool used to estimate the total variation of project risk resulting
from the individual quantified risks. The Monte Carlo analysis takes the assumptions for each risk,
aggregates them, and then runs thousands of simulations to produce a distribution of the total value of
quantified risks.
The Monte Carlo analysis produces distributions that often approximate a normal distribution curve, also
known as a bell curve, as illustrated in the figure below.
Figure 3: Example Normal Distribution Curve

To help understand the distribution, the mean of $100 refers to the average data point and the standard
deviation of $45 refers to the amount of variability. Generally most risks are expected to fall close to the
mean as illustrated by the green section. Approximately 70% of the risk outcomes are expected to fall
between $55 and $145. If one refers to the three percent indicated by the pink area on the far right (also
referred to as the 97th percentile), one can say that there is an estimated 97% chance that the risk values
will be at or below $190. This is equivalent to saying there is an estimated three percent chance that the
risk values will exceed $190.
When developing the project budget, the percentile point that is selected on the risk distribution curve will
depend on the level and quality of information available and the Project team’s level of risk aversion. This
is discussed further in section 3.2.1.

2

Monte Carlo analysis involves a series of computational algorithms that rely on repeated random sampling to compute their results.
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Accept and Control: Refers to a risk that cannot be transferred to the private sector or that is
best managed and mitigated by the Province.



Transfer: Refers to a risk that can be transferred effectively to the private sector.
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Magnus Enfeldt
Magnus Enfeldt is an Associate Director at the City of Vancouver. Magnus joined the City in June 2014
from KPMG’s Infrastructure practice where he worked on a multitude of projects – from governmental
procurement to operational audits and P3 contract compliance reviews. He had a key role in the
procurement and implementation to the tolling operations services for the Port Mann Bridge and was
involved with the development of the performance-based agreement which he later on managed as the
Authority Representative on behalf of the owner, Transportation Investment Corp. Prior to that, as the
Venue General Manager for Richmond Olympic Oval, he was responsible to plan, operationalize, and
successfully deliver the speed skating events at the 2010 Olympics. Through hands-on experience,
Magnus brings and understanding of the complexities with planning, constructing an operationalizing
infrastructure with an interdisciplinary team in a multi-stakeholder environment and he has a proven track
record in public sector procurement and in developing and managing performance based contracts.
Magnus is an Olympian and holds a MBA from the University of Karlstad, Sweden.
Rachel Jamieson
Rachel Jamieson is a Project Manager in TransLink’s Infrastructure Management and Engineering
Division. She has worked closely with the City of Vancouver as TransLink’s project manager on Granville
pedestrian and transit mall reconstruction, Canada Line Station intermodal integration and TransLink’s
Bicycle Infrastructure Capital Cost sharing program. Earlier in her career in the private sector, she played
a key role in the Business Case for improved sidewalks on the Lion’s Gate Bridge reconstruction and
mobility analysis on the Sea to Sky Highway redesign. She has also managed numerous multijurisdictional transportation projects for TransLink including upgrades to the 26-km BC Parkway
pedestrian and bike route along the Expo Line SkyTrain in four municipalities and expanding the bus
lanes into North and West Vancouver when working with the B.C. Ministry of Transportation on the
Marine Drive corridor on the North Shore.
Dave Stewart
Dave Stewart is Executive Director, Finance Major Projects at the Ministry of Transportation and
Infrastructure. He brings a unique combination of expert financial management and strategic planning
skills to this role. He has extensive knowledge of government budget and capital planning processes,
along with an ability to forge productive relationships across government and with external stakeholders.
Previously, Dave worked at Partnerships BC and also six years with the Ministry of Transportation and
Infrastructure as its Chief Financial Officer. He was responsible for managing the Ministry’s operating
budget and also overseeing the BC Transportation Financing Authority’s multi-billion capital program.
While with the Ministry, he also worked for a year as Executive Director, Major Projects, responsible for
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financial and project management of the Evergreen Rapid Transit Line and the George Massey Tunnel
Replacement projects. Prior to this, Dave worked at the Ministry of Finance as Executive Director,
Treasury Board Staff, with responsibility for fiscal planning and capital planning for all government
ministries and crown agencies. Dave achieved a designation as a Chartered Accountant with the
Canadian Institute of Chartered Accountants in 1995 and holds a Bachelor of Commerce degree from the
University of British Columbia.
Jesse Koehler
Jesse Koehler is the Project Director, Millennium Line Broadway Extension. Prior to his work on the
MLBE Project, Jesse served as the Project Director for TransLink’s Phase One Investment Plan, which
was approved in November 2016 and funded the first significant expansion of transit in the Metro
Vancouver region since 2009. Jesse previously held positions in the planning divisions of TransLink and
the San Francisco County Transportation Authority. He holds Bachelor of Civil Engineering and Master of
Public Administration degrees from Cornell University.
George Kyriakelis
George Kyriakelis is a Project Director at Partnerships BC, with a focus on the transportation and energy
sectors. George joined Partnership BC in May 2013 and has been involved in the planning, procurement
and implementations of several health, education, transportation and energy projects, at various roles
such as financial modeller, evaluation manager, procurement director and owner’s compliance manager.
George joined Partnerships BC from Peter Kiewit Infrastructures Group where he worked in various
management capacities on some of the largest transportation projects in BC, including the Port Mann
Highway 1 signature span, the Pitt River Bridge, and the Sea to Sky Highway Improvement Work
Package 2 and the Sea to Sky Highway Improvement DBFO projects. George brings strong practical
knowledge of planning, procurement and implementation of large heavy civil projects from both the
owner’s and contractor’s side.
Alan Hartley
Alan Hartley, Stantec Vice President of Major Projects, is Design Director of the Millennium Line
Broadway Extension Project. Alan has over 16 years of experience in alternative procurement as a
design team lead on Canadian and International infrastructure projects. In British Columbia, Alan has
been involved with the Millennium SkyTrain Line, the Canada Line P3, the RCMP E Division
Headquarters Relocation P3, and the Kelowna and Vernon Hospitals P3.
Prior to joining the Stantec Project Delivery Office in 2011, Alan served as a Vice President and Director
of Stantec Architecture, a 1,000 person architectural practice with offices in Canada, the US, the UK and
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Middle East. During his practice leadership Stantec Architecture grew substantially and gained
recognition as a Top 25 global design practice.
Ian MacPhee
Ian MacPhee is a Planner in the City of Vancouver's Transit Projects and Policy Group. He began his
work at the City of Vancouver in the Planning Department focused on the Metro Core with a focus on job
space in the Central Broadway area. After moving to the Transit Projects and Policy Group five years
ago, he has been involved in a number of initiatives including the Downtown Bus Service Review, the
update of Vancouver's Pedestrian Wayfinding system and most importantly, the Millennium Line
Broadway Extension. He brings firsthand experience of previous studies of rapid transit options in the
Broadway Corridor as well as a strong understanding of the land use plans and policies that affect the
Corridor.
Andrew McClune
Andrew is a Partner in KPMG’s Global Infrastructure Advisory practice based in Vancouver. He is an
astute financial and commercial manager who draws on over 20 years of experience in the negotiation,
commercial evaluation and financing of multi-million dollar project finance and PPP projects:


8 years project finance/PPP advisory to public clients on large, complex international
infrastructure projects;



7 years bid-side PPP financial structuring within a major UK PPP contractor; and



6 years project finance analysis and financial modeling within the international oil and gas sector.

Fergus O’Neill
Fergus O’Neill is a Principal and a Senior Project Manager within Stantec’s Program and Project
Management, Project Delivery office. Fergus has in excess of 25 years’ experience in managing medium
to very large scale projects in both Canada and Europe. Throughout his career, he has managed projects
in various industrial sectors including Oil & Gas, Semiconductor, Pharmaceutical, Bio-Technology,
Transport, Education, Retail and Commercial. He brings a wealth of knowledge and experience in both
project management and project controls. A Project Management Professional with P3 DBFO project
experience, Fergus has worked on a diverse array of complex programs and projects throughout his
career in various sectors and some of his larger public and private sector clients have included City of
Ottawa, Capital Regional District, TransLink, University of Alberta, Canada Post, Wyeth, Pfizer’s, Xerox,
Saudi Aramco and Intel.
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Chris Robertson
Chris Robertson is a Senior Planner in the City of Vancouver’s City-wide and Regional Planning Division.
In 2005, he joined the City’s Rapid Transit Office to work on the implementation and integration of the
Vancouver segment of the Canada Line construction project. Chris’ experience with large-scale rapid
transit planning and construction is extensive. As a City of Vancouver representative, he has been directly
involved in rapid transit planning, design, regulatory reviews and construction processes for projects like
TransLink’s Faregate implementation program and Expo Line station upgrades. Since 2009, Chris has
been part of a team working on the Project including the 2012 alternatives analysis, and the more recent
conceptual alignment and station location reference case design. Chris has an extensive working
knowledge of the MLBE project and brings a strong understanding of land use planning and polices that
affect the Broadway Corridor.
Stephanie Robillard
Stephanie Robillard, P.Eng., is a Project Engineer with McMillen Jacobs Associates in Vancouver, BC.
She is trained as a geotechnical engineer and has focused on its application for the design and
construction of underground structures. Stephanie joined McMillen Jacobs in 2010 and has been involved
in the design and implementation of a number of large underground infrastructure projects, including
transportation, water and wastewater tunnels, hydropower tunnels, and gas pipelines. Stephanie’s focus
has been on transportation projects, including design and procurement for the Ottawa Light Rail Transit
Project, Evergreen Line and now as the deputy design lead for tunnels and stations for the Broadway
Line Extension.
Stephanie holds a Bachelor and Master of Applied Science from the Queen’s University, Kingston, ON,
and is a registered professional engineer in the province of British Columbia.
Tony Steadman
Tony Steadman is a Chartered Quantity Surveyor with over forty seven years of managerial and technical
experience in the practice of cost management, estimating, and contract administration in the construction
industry. In addition to working as a consultant, experience has been gained working for a contractor, and
within a client's project management organization. Work experience has included 29 years based in
Canada, 10 years based in Africa, extended periods in the Far East with four years in Hong Kong,
commencing work in the United Kingdom.
Work has covered the management and preparation of costs from the conceptual through tender and
construction stages of major projects including all the transit projects within the Lower Mainland of British
Columbia, a number of bridge projects including the Skytrain Bridge in New Westminster, Deh Cho Bridge
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in the Northern Territories, Groat Road Bridge in Edmonton, Lions Gate Bridge in Vancouver, and the
Bennett Bridge in Kelowna. When estimates of costs are prepared, his work takes into account the outputs
and costs of each resource together with construction methodology required to carry out each aspect of the
work. Parallel experience includes contract administration, document preparation, and claims management.
This experience has been combined for project cost control from initiating budgets, controlling costs during
design and construction, preparing cost effective contract strategies, ensuring the contract documentation
reflects the projects constraints and ideals effectively, and claims management during construction.
John Stolz
John M. Stolz, P.E., is Principal with McMillen Jacobs Associates in San Francisco, CA. He has 35-plus
years of underground construction experience in cost estimating, risk analysis, contract delivery methods,
“front-end” contract specifications and measurement and payment, and disputes resolution and claims
analysis. John joined McMillen Jacobs in 1989 and has been involved in varying degrees with a large
number of MJA’s large underground infrastructure projects, including transportation, water and
wastewater tunnels, hydropower tunnels, and gas pipelines. John’s experience with transportation
projects includes serving as the Claims Manager on the Los Angeles Red-Line Segment extension,
claims-related consultation on the design-build Tren Urbano project in Puerto Rico, design manager for
preliminary design on the California High Speed Rail Segment between San Jose and Merced, lead
estimator on the Downtown Transit Extension Project for rail services in San Francisco, lead estimator for
the Central Subway Project, also in San Francisco, lead estimator and Specifications Manager for the
Caldecott 4th Bore Road Tunnel Project in Berkeley, CA, lead estimator for underground work and
assistance with tender document preparation for the Ottawa Light Rail Transit Project, and the lead
estimator for tunnels and stations for the Broadway Line Extension.
John holds a Bachelor of Science from the Colorado School of Mines in Golden, CO, and is a registered
professional engineer in the state of California.
Samuel Swartz
Samuel Swartz, P.E., is a Lead Associate with McMillen Jacobs Associates in Seattle, WA, USA. He is
trained as a geotechnical engineer but has spent his career focused on design and construction of
underground structures. Sam joined McMillen Jacobs in 1998 and has been involved in the design and
implementation of a number of large underground infrastructure projects, including transportation, water
and wastewater tunnels, and hydropower tunnels. Sam’s focus has been on transportation projects over
the last decade, including design and design support during construction for the University Link and
Northgate Link Projects in Seattle, WA, preliminary design for the Ottawa Light Rail Transit Project,
design and construction support for the Evergreen Line, and now as the project manager for tunnels and
stations for the Broadway Line Extension.
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Sam holds a Bachelors of Science degree in Civil Engineering from the University of Michigan, a Masters
of Science degree in Geotechnical Engineering from the University of California at Berkeley, and is a
registered professional engineer in the states of California and Washington
Stephen Tsuen
Stephen is a Senior Manager in KPMG’s Global Infrastructure Advisory practice based in Vancouver. He
has over 11 years of project finance experience and PPP advisory to public clients on large, complex
international infrastructure projects. Stephen’s expertise is in the areas of financial modeling, risk
quantification (including Monte Carlo analysis), reviewing financial capacity of proponents, RFQ and RFP
bid evaluation, development of payment mechanisms and advising on preferred proponent negotiations.
Prior to joining KPMG, Stephen was an Assistant Vice President in PricewaterhouseCoopers’ Infrastructure
and Project Finance group.

Ian Wardley
Ian Wardley is an economist, project manager and strategic advisor with more than 25 years’ experience
in a variety of assignments within Canada and the U.S. with a particular emphasis on transportation and
public transit infrastructure. During his career, he has applied his education along with his strong project
management and interpersonal skills to projects in the areas of transit, transportation, finance, design,
engineering, and government.
Specifically, Ian’s infrastructure project experience includes the Millennium Line and Evergreen Line
SkyTrain projects, Edmonton’s Valley Line LRT project, the Golden Ears Bridge project, and TransLink’s
Compass Card project. Ian’s involvement in these projects, which include both traditional and Public
Private Partnership projects, covers a broad spectrum of project-related activities from project set-up,
developing and authoring Business Cases for a projects initial justification and funding, assessing various
project delivery models including participating in risk workshops, liaising with public and private sector
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stakeholders, providing strategic advice regarding procurement process, authoring and reviewing
procurement documents, assembling and managing multi-disciplinary project teams, and managing dayto-day issues necessary to ensure the project’s success.
Gary Webster
Gary has been a practicing Professional Engineer for more than 25 years and has specialized in the
organization, procurement and implementation of large scale infrastructure projects and, in doing so, he
has worked for both the Public and Private sector participants. Gary has led the Business Case
assessment, procurement and contract implementation stages for a number of Public Infrastructure
Programs that have included all forms of contracting from conventional delivery through to some of the
largest PPP transactions in Canada. His experience includes setting up program optimization systems,
managing through the regulatory processes, risk assessment, obtaining government approvals, Business
Case development, producing contract and procurement documentation, managing the selection process,
engineering design, construction supervision, asset management, revenue collection systems and
maintenance management. This experience has been gained across a variety of infrastructure sectors,
including institutional, health, marine, transit, highway and bridges and water and wastewater.

