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APPENDIX C - Megaproject Management & Delivery 
+WDSOT’s CEVP Cost Estimate Validation Process 

INTRODUCTION 

The following paper outlines key elements and processes necessary for the delivery of complex 
megaprojects, based on John Reilly’s work on delivery of such projects from 1970 – 2020 in the US, 
Canada, UK, Peru and Dubai plus related consulting in Germany and China (Reilly 2016b)

1. These 
elements include strategic program management, team alignment, advanced management of cost, 
schedule and risk and alternative contracting/delivery methods. Specifics are described in books 
and conference proceedings authored by John. References are listed at the end of this paper. 

John has been a project engineer, project director and specialized consultant for major Metro 
systems in Washington DC, Boston, Los Angeles, Atlanta, San Francisco, Toronto and London - plus 
major highway programs in Boston and Seattle. His profile can be accessed at www.JohnReilly.us  
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MEGAPROJECTS MANAGEMENT – KEY FACTORS 

Key characteristics of megaprojects include complexity - increasing exponentially with size - long 
time frames, high visibility, multiple organizations, political stakeholders and significant technical 
challenges. Out-turn cost performance has been, in a significant number of cases, problematic.  

The media is a key factor shaping the public’s view which, in some cases, has led to the perception 
that these large, complex programs are always delivered late, over budget, and with problems. 
This has been true for some projects, but certainly not for all, perhaps not even the majority. 
There have been, and continue to be, many large, complex projects that have been delivered 
successfully in terms of cost, schedule and performance using appropriated processes.  

Owner’s expectations 

The Owner’s expectations can be summarized: 

1. The Project is completed within budget. 

1. The Project is completed on time. 

2. The Project will serve its intended purpose. 

3. The Project satisfies all its constituents. 

These expectations are fundamental. Meeting them is necessary for success and to secure funding 
for future projects. 

Factors required for success 

Key factors for megaproject success can be summarized: 

1. Definition, communication and commitment to key goals and objectives  
(which normally flow from the overall strategic plan of the owner or agency). 

2. Management and technical capability, use of appropriate tools and processes. 

3. Well structured environment, obligations and regulations (control of external factors). 

4. Adequate available and mobilized resources, appropriate to the project at hand. 

These factors were first published by the US National Committee on Tunneling Technology 
(USNCTT 1974) and stemmed from a concern at that time about adequate management of 
projects in the uncertain, risky underground environment. These factors are still fundamental to 
successful delivery of projects. 

Key Management Elements  

Concerns about megaproject delivery issues in the 1990s led to discussions with International and 
North American owners, managers, designers and contractors regarding those key elements which 
are necessary for improved cost performance and management to budget. The question was 
asked “what differentiates a successful project from an unsuccessful one?” (Reilly 2000c, 2000d) 
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Core elements identified in responses included: 

1. Management  

a. Effective leadership, capability and organization for project delivery – critical if the agency 
has not recently and successfully delivered a project of similar size and complexity. 

b. Improved cost estimation (validating base cost, identifying the “range of probable cost”). 
c. Risk Management – identification, characterization, management and mitigation of risk  
d. Team Alignment – align people and processes to meet goals and objectives 

2. Technical competence – in means, methods and applications. 

3. Improved contracting and delivery methods – Design-Build, Progressive Design-Build,  
GC/CM, Alliancing (WSDOT/Reilly & Smith 2008; Reilly 2000d, 2013c, 2020, 2021). 

4. Communications - continuous outreach to public, politicians, stakeholders and media. 

Case Example WSDOT Urban Corridors Office 

In 2001, the WSDOT Secretary, Doug MacDonald, who had previously managed the successful $3.8 
billion Boston Harbor Project, was looking at the delivery of as several complex megaprojects. He 
was sensitive to the magnitude of the agency’s task and the complexity of the potential problems 
it would face. In particular, building and maintaining public and political trust was a key success 
factor, necessary to secure public funding and understanding for these and future projects. The 
Nisqually earthquake of February 28, 2001, which damaged the elevated Alaskan Way Viaduct, 
accelerated the decision and implementation process.  

This led to the development and implementation, by WSDOT with the author and other 
consultants, of a special delivery unit (Urban Corridors Office) to deal with political interests, 
stakeholders, the Legislature and to implement a delivery-focused organizational structure. New 
management processes were developed and applied including methods to improve accountability 
and transparent reporting (MacDonald 2001), better cost estimating with cost validation and risk 
based probable outcomes - the CEVP process (Reilly, McBride & Dye 2002; Reilly et. al. 2004c) plus 
improved contracting and delivery methods (WSDOT/Reilly & Smith, 2008). 

As part of these initiatives, a Team Alignment process – focused on goals and clarity of roles, 
responsibilities, communications and working relationships – was implemented for the Urban 
Corridors Office, the Alaskan Way project and the SR520 floating bridge project. 

THE COST PROBLEM 

Of all the issues that can arise on megaprojects, the initially published cost estimate, compared to 
the final out-turn cost, is an area to which owners, politicians, the public and stakeholders are 
most sensitive. Failure to manage the project and deliver it at, or under, the first published budget 
is perceived by the public as a failure of management with potentially severe impacts to the 
agency and its ability to secure future funding and support. 
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International considerations – early issues 

In the 1990’s cost overruns for complex 
transportation megaprojects were of concern 
to National and International Agencies and 
Associations. Reports showed overruns in the 
order of +50-200% of budget for a significant 
number of cases. In the US a 2001 Conference 
in Seattle presented cases of cost overruns up 
to +260% over budget (graphic Stark 2001). 

Subsequently, a study of the out-turn costs of 
258 infrastructure projects over 70 years 
(Flyvbjerg et. al. 2002) confirmed the above 
findings and asserted that the problem of 
grossly inaccurate cost forecasts was chronic 
and had been so for 70 years. It noted that there appeared to be “strategic misrepresentation”. 

There are many examples of poor cost performance for complex projects – prominent examples 
include those following. It should be noted that these are all good and useful projects with 
significant design and construction achievements, all well recognized e.g. “The extended Jubilee 
Line is attracting high levels of use and has received many prestigious awards.” (Arup, 2000). 

Examples of significant out-turn cost overruns include: 

1. Great Belt Link, Denmark, +54% over budget. 

2. Channel Tunnel, UK-France, +80% over budget. 

3. London’s Jubilee Line Extension +67% over budget. 

4. Boston Central Artery at least 100% over what should have been the initial budget2. 

5. Denver Airport + 233% over budget. 

Examples of good cost performance 

Given that the media tends to highlight problems, it is helpful to recognize that many projects 
have been delivered at or under budget and close to schedule (Galloway et. al. 2013, Foreword). 
By now, almost everyone has heard about the significant cost overruns and delays in the delivery 
of Boston’s Central Artery/Tunnel Project (CA/T) which published a ridiculously low cost estimate 
in the beginning, resulting in huge public skepticism and loss of credibility for the Agency (Salvucci 
2003; NAS 2003).  

                                                      

 
2
  The initial $2.8 billion number should have been at least $7-9 billion. The final number was over $15 billion. 
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What has not been well reported are four other megaprojects in the author’s hometown, Boston, 
with similar political circumstances and environmental requirements—that were successfully 
delivered under, at, or close to budget and schedule. These four projects are: 

1. Boston Southwest Corridor Metro project: delivered at $743 million, $7 million (1% under 
the budget announced 9 years earlier) within six months of the date projected (the author 
was the GEC consultant Program Director on this program). 

2. Logan Airport Modernization Program: completed within a “couple of percent” of the $4 
billion estimate, announced several years earlier. 

3. MBTA Red Line North Extension: delivered on schedule at $570 million, 12% less than the 
initial budget of $625 million. 

4. Boston Harbor Project: delivered on schedule at $3.8 billion, 4% over the $3.65 billion 
budget.  

Note that the first US subway was opened in Boston in 1897, on schedule, 20% under budget. 

Basic acceptance requirements 

The significant cost overruns, time extensions and other problems cited above reduced the 
credibility of agency management, design and construction personnel in the eyes of the public and 
political officials. As a result, many agency managers realized that, to successfully deliver these 
projects, the following key management requirements need to be addressed: 

1. Ability to secure necessary funding. 

2. Ability to set realistic budget, schedule and performance requirements. 

3. Ability to meet budget, schedule and performance requirements. 

4. A public communication outreach and stakeholder process. 

Content of this and other papers 

This paper outlines megaproject management considerations and WSDOT’s CEVP process for 
determination of probable cost and schedule, which relates to items 2 and 3 above. (Reilly et. al. 
2002, MacDonald 2003, FHWA 2004) 

Two other megaproject management processes should be referenced in terms of their application 
to megaproject management. They are: 

 Risk Management (program and delivery units, construction contracts) 

 Team Alignment (program, delivery and functional units) 

These processes can be addressed in future papers, basic content is noted at the end of this paper 

For publications related to processes essential for the successful delivery of complex megaprojects 
the reader is referred to publications such as “Managing Gigaprojects” (Galloway et. al. 2013); 
“Megaprojects – Challenges and Recommended Practices” (Hatem & Corkum 2010) and 
“Recommended Contract Practices for Underground Construction” (UCA 2008 & 2019). The author 
of this paper contributed to chapters on Cost, Schedule and Risk Management in these 
publications.  
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WSDOT’S COST ESTIMATE VALIDATION PROCESS - CEVP® 

INTRODUCTION 

WSDOT’s Cost Estimate Validation Process CEVP® was developed in 2002 to better estimate the 
probable cost of complex transportation projects and to form a basis to communicate those 
probable costs to the public and key stakeholders. A summary can be seen at 
https://www.johnreilly.us/cevp-riaat-cost-risk-management/ including an example of an 
application for the Alaskan Way project in Seattle, which used CEVP plus Value Engineering to 
revise the scope of this complex megaproject to meet the Legislature’s budget. 

Development of WSDOT’s CEVP®3 

In 2002 concerns regarding management of several upcoming megaprojects, plus large cost 
growth of the planned SR167 project, caused the Washington State Secretary of Transportation, 
Doug MacDonald, to ask for better, more reliable cost-estimating and management practices. Two 
key consultants, with WSDOT staff, developed a concept of combining independent validation of 
the “base cost” with quantitative risk identification and then probabilistically modeling the base 
cost plus risks to produce a “range of probable cost” (Reilly 2001; Reilly, McBride & Dye 2002). 

Base cost is defined as the estimated cost of 
the project if everything goes as planned 
and assumed. The base cost does not 
include contingency but does include the 
normal variability of prices, quantities and 
like units. Once the base cost is established, 
and validated, related risks are identified 
and characterized (quantifying probability 
and consequence including opportunities 
and threats) and used as input to a 
probabilistic model. 

CEVP replaces general and often vaguely defined “contingency” with explicitly defined risk events, 
with an associated probability of occurrence and the potential impact on cost and schedule for 
each risk event. Because the risks are explicitly identified and quantified, they can then be 
effectively managed by a normal risk management and response process.  

                                                      

 
3
  CEVP is registered to WSDOT to recognize its role in the development of the process and to ensure that CEVP 

principles are used in applications that reference CEVP. 

https://www.johnreilly.us/cevp-riaat-cost-risk-management/
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Application of CEVP to a complex megaproject 

For the SR99 Deep Bore Tunnel project of the Alaskan Way Viaduct and Seawall Replacement 
program, the CEVP process of validated base cost, base variability and the probable consequence 
of risk events, combined in a Monte-Carlo simulation model, was used to produce a probable 
range of cost and schedule, including the probability of achieving the desired cost and schedule.  

For the public, we produced a “1-pager” which included the project description, benefits, 
schedule, range of probable cost, key risks and assumptions (Figure 1). 

 

Figure 1- CEVP summary, initial 2009 analysis, SR99 Deep Bore Tunnel 

Process to manage to Budget 

Because of normal “wants and desires” scope tends to grow to exceed that which is capable of 
being delivered for the authorized budget. For the SR99 Deep Bore Tunnel, design development 
after decision to proceed resulted in the probable cost exceeding the authorized budget of $1.96 
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billion. Work to bring the project into compliance with a 60% probability4,5 of delivery at $1.96 
billion was initiated and included an augmented CEVP process with Value Engineering and a “Tiger 
Team” to critically evaluate scope and alignment options. Two cycles of cost reduction using this 
augmented CEVP process were needed to comply with the budget probability. 

Figure 2 diagrams this CEVP/VE/Scope review analysis. The result was a defined project scope, 
which would satisfy purpose and need, and which resulted in a 60% probability of delivering the 
project at the $1.96 billion authorized amount.  

 

Figure 2 – CEVP+, Value Engineering and Scope management to meet authorized budget 

                                                      

 
4
  The WSDOT budget policy in 2009 was to use the 60% probability CEVP result. In actual fact, the consultant 

who developed the CEVP analysis recommended that 80% be used – a recommendation which was close to 
the final out-turn cost after the project risks eventuated and the legal cases were resolved.  

5
  In the early CEVP applications, an 80% probability was used for budgeting, consistent with levels of 

uncertainty at that time and the historical record of cost overruns on complex megaprojects. 
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Figure 3 – Probabilistic CEVP+ result for the Alaskan Way Deep Bore Tunnel  

Final design proceeded on the basis of the scope and alignment defined by the CEVP+ and VE 
work. Subsequently a design-build contract, with the largest tunnel boring machine (TBM) in the 
world at that time, was bid and awarded. Early in construction the project suffered a major issue 
with the tunnel boring machine which broke down in the initial drive. The risk events associated 
with this breakdown had been anticipated by WSDOT, and listed on their risk register, but while 
the consequence was large, the estimated probability of occurrence was very low - an example of 
the difficulty of dealing with high-impact/low probability events. Fortunately for WSDOT the 
design-build contract provisions and WSDOT’s management of the project resulted in a favorable 
legal outcome.  

Benefits of CEVP 

Benefits identified with the CEVP/CRA process and associated risk management, taken from 
surveys within WSDOT and a recent study reported by WSDOT and ODOT (Gabel et. al. 2022) have 
shown that CEVP or CRA (a simpler process for smaller projects) has the following benefits: 

1. Is inclusive and aligns the team on a pathway of successful project delivery. 

2. Reduces tension and anxiety related to project uncertainty. 

3. Builds confidence and credibility in decision making. 

4. Improves risk appetite and allows for strategic risk-taking behavior. 

5. Has a positive influence on creative thinking and innovation. 

6. Improves quality and confidence in the base cost estimate and schedule. 
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Evaluation - cost and schedule outcomes  

WSDOT evaluated the cost and schedule outcomes for 28 highway projects completed by them to 
quantify the benefit of risk-based estimating and formal risk management. It found that those 
projects that had completed a CRA were more likely to be completed with a total contract cost at 
or below the engineer’s estimate, experience a lower post-award cost and schedule growth, and 
experience more predictable outcomes than those projects that did not undergo a CRA. The CRA 
activities included facilitated workshops, risk analysis, and formal risk management which 
appeared to provide significant, if intangible, results for the owner agencies.  

Key findings from these comparisons included: 

1. Post-award contract change order percentages reduced, on average, from +10.3% to +3.9% 
for cost and from +18.2% to +8.2% for time when a CRA was performed. 

2. Additionally, the standard deviation in post-award changes reduced by 13.1% for cost and 
by 9.3% for time when a CRA is conducted, indicating a tendency toward more consistent 
post-award project delivery outcomes. 

The results indicate a quantifiable benefit to project cost and schedule outcomes in terms of:  

3. More reliable estimates and consistent engineer’s estimates as evidenced by the reduced 
overrun percentages and reduced cost variance, and  

4. More effective and consistent post-award project delivery outcomes as evidenced by 
reduced change order percentages (mean and standard deviation) for both cost and time. 

 

 

Figure 4 – Comparison of CEVP/CRA projects vs. non CEVP/CRA projects  
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APPLICATION OF CEVP 

CEVP was presented to FTA and FHWA at the TTB conference Washington DC in January of 2003 by 
Secretary MacDonald and John Reilly (MacDonald 2003). The process was evaluated by those 
agencies and the process, or a similar probabilistic risk-based cost estimate process (PRBE), was 
adopted and has been applied by those agencies since that time.  FHWA and the National Highway 
Institute have recently developed an eBook training model for the application of PRBE (the author 
of this article wrote the basic input text).  

To our knowledge CEVP and/or PRBE has been used extensively in the US, Canada, Germany and 
Austria plus Peru and potentially Australia.  WSDOT has a Cost-Risk Estimating Management 
(CREM) office in Olympia and regularly hosts presentations on the process – membership of the 
CREM working group includes some 80 professionals from the US and Canada with attendees of 
the CREM bi-monthly presentations also including Ireland, Germany, Austria and Peru.  

For further information, see: 

https://wsdot.wa.gov/construction-planning/project-management/risk-assessment/home  

 

Thank you for your interest in this topic – please send questions to John at John@JohnReilly.us  

 

https://wsdot.wa.gov/construction-planning/project-management/risk-assessment/home
mailto:John@JohnReilly.us
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RISK6 MANAGEMENT 

As noted in the previous section, because the risks identified in the CEVP analysis are explicitly 
characterized and quantified, they can be effectively managed with a normal risk management 
and response process. Treatment of risk and risk management is addressed in a separate white 
paper, the contents of which include: 

 

                                                      

 
6
  The ISO (International Organization for Standardization) definition of risk is  

the “effect of uncertainty on objectives” 
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TEAM ALIGNMENT FOR MEGAPROJECTS 

“Team Alignment” and “Teambuilding” processes use strategic-level planning to fully engage all 
participants and stakeholders in a project, to enhance management’s effectiveness and leadership, 
to sharpen the delivery team’s focus on the key goals, objectives and deliverables, to increase 
efficiency and capability, to mitigate conflict, to reduce risk and to accelerate problem resolution. 

Team Alignment is addressed in a separate white paper, the contents of which include: 
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