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Abstract 

In Canada, there are six major oil pipeline projects either proposed or approved with an 

in-service date before 2020.  The federal government has a regulatory process to 

evaluate the environmental, economic, and social impacts of proposed pipeline projects.  

This dissertation examines existing methods that project applicants use to evaluate 

pipeline impacts in the review process and recommends how current methodologies 

could be improved.  The study uses the Northern Gateway Project as a case study. 

Decision-makers reviewing proposed pipeline projects must determine whether projects 

satisfy legislative criteria under the National Energy Board Act and the Canadian 

Environmental Assessment Act in order to approve the application.  Therefore an 

evaluative framework is necessary to assess the degree to which information in a 

regulatory application satisfies legislative criteria.  A framework consisting of three 

criteria, namely significant effects, project need, and public interest, is developed.  The 

evaluation determines that there are many major weaknesses in the regulatory 

application for the Northern Gateway Project concerning the quality of information, which 

suggests that decision-makers do not have the best available information to adequately 

assess the project as required under the National Energy Board Act and the Canadian 

Environmental Assessment Act. 

A multiple account benefit-cost analysis of the Northern Gateway Project is undertaken 

to evaluate the capability of the method to provide decision-makers with requisite 

information to address legislative criteria.  The analysis concludes that the Northern 

Gateway Project represents a net cost to society.  The evaluation of multiple account 

benefit-cost analysis with legislative criteria for project approval under the National 

Energy Board Act and the Canadian Environmental Assessment Act suggests that the 

method is suitable for evaluating major pipeline projects and is certainly an improvement 

relative to existing methods in the federal review process. 

There are six recommendations to improve the current approach to evaluating project 

impacts in the federal review process.  Recommendations include requiring multiple 

account benefit-cost analysis in the regulatory application, developing explicit 
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methodological guidelines for applicants, appointing independent experts to prepare 

impact assessments, developing specific decision-making criteria, evaluating alternative 

pipeline projects jointly, and improving stakeholder participation in the decision-making 

process.   

Keywords:  environmental assessment; impact assessment; multiple account benefit-
cost analysis; cost-benefit analysis; pipelines; Northern Gateway Project 
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VOC volatile organic compound 

VLCC very large crude carrier 

WCSB Western Canadian Sedimentary Basin 

WM Wright Mansell 

WTP willingness to pay 

WTA willingness to accept 
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1. Introduction  

Oil production in Alberta (AB) is one of the most significant industrial 

developments in Canadian history (Joseph 2013).  As of 2012, conventional oil and 

bitumen production in Alberta is approximately 3.0 million barrels per day (mbpd) and 

production is expected to increase to 4.6 mbpd by 2020 and 6.6 mbpd by 2030 (CAPP 

2013).  An important component of oil sands development is the construction of 

pipelines and other transportation infrastructure to connect oil-producing regions with 

consuming regions.  Construction and operation of major pipeline projects have the 

potential to cause significant economic, environmental, social, and cultural impacts.  

Therefore it is essential that proposed pipelines are properly evaluated to ensure that 

they are in the public interest.  

Because of the importance and potential implications of pipeline development, it 

is critical that decision-makers have the best possible information available to them to 

evaluate the potential impacts of a pipeline project, weigh the costs and benefits, and 

determine whether a project is in the public interest.  The purpose of this dissertation is 

to evaluate the federal pipeline public review process in Canada and identify 

improvements to methods informing decision-makers reviewing major pipeline projects. 

1.1. Overview of the Pipeline System in Canada 

The crude oil pipeline system in Canada is a complex delivery network of 

thousands of kilometres (km) of gathering lines, feeder lines, and transmission pipelines 

that transport oil and other liquids such as diluents.  Small diameter gathering lines 

collect and transport crude oil from production wells to central gather facilities where 

larger diameter feeder lines deliver the oil to refineries and to larger, long-haul pipelines 

referred to as transmission pipelines (CEPA undated).  Transmission pipelines transport 

Canadian conventional and oil sands crude produced in the Western Canada 
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Sedimentary Basin (WCSB) to domestic and international refineries and import crudes 

from international markets to refineries in Eastern Canada.   

The crude oil pipeline system in Canada is owned and operated by a few key 

pipeline companies.  There are currently four major export pipelines in Canada with the 

capacity to deliver nearly 3.5 mbpd of WCSB crude oil to market, including the Enbridge 

Mainline system, the Kinder Morgan Trans Mountain pipeline, the Spectra Express, and 

the TransCanada Keystone pipeline1 (CAPP 2013).  Consequently, Enbridge Pipelines 

Inc., Kinder Morgan ULC, and TransCanada Pipelines Ltd dominate the industry.  

Enbridge is the largest transporter of crude oil in Canada delivering 2.2 mbpd through 

nearly 25,000 km of crude pipeline (Enbridge 2012b).  Kinder Morgan and TransCanada 

Pipelines are smaller than Enbridge in terms of crude oil pipeline capacity but both 

companies have plans to expand their existing pipeline systems in Canada (see next 

section). 

The National Energy Board (NEB) is the federal agency in Canada tasked with 

regulating international and interprovincial oil and gas pipelines (NEB 2013b).  The NEB 

reviews potential projects for their economic, technical, and financial feasibility as well as 

their environmental and socio-economic impacts to determine if a pipeline project is in 

the public interest (NEB 2013b).  The NEB is also responsible for auditing and inspecting 

the construction and operation of pipelines to ensure that regulatory requirements are 

met (NEB 2013b).  As of 2009, the NEB regulated nearly 72,000 km of oil and gas 

pipelines in Canada (NEB 2011c). 

The primary export market for Canadian crude is the United States (US), which in 

2012 imported over 2.4 mbpd of crude oil from Canada (EIA 2013).  The US market is 

disaggregated geographically into Petroleum Administration for Defense Districts 
 
1  Note that the 3.5 mbpd capacity estimate from CAPP (2013) does not include the 120 

thousand barrels per day (kbpd) Alberta Clipper pipeline expansion that received regulatory 
approval from the NEB in February 2013.  The CAPP (2013) estimate also omits capacity 
from the Rangeland and Bow River pipelines that combined represent 214 kbpd based on 
Ensys (2011), although CAPP includes both of these pipelines on its map of crude oil 
pipelines in CAPP (2013, p. 38). 
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(PADDs) that differ in terms of market access, refining capabilities, and storage 

potential.  Refineries in PADD2 in the US Midwest represented the largest destination for 

Canadian crude oil in 2012, receiving 1.7 mbpd and the completion of recent refinery 

conversions for processing heavy oil is expected to increase demand in the region 

(CAPP 2013).  The US Gulf Coast in PADD3 represents a significant market opportunity 

for Canadian crude oil once constraints on the existing pipeline capacity are addressed.  

The US Gulf Coast currently has 50 refineries with a capacity to handle 9.6 mbpd (CAPP 

2013).  In 2012, PADD3 imported 2.2 mbpd of heavy crude oil (CAPP 2013).  Imports of 

Canadian crude were restricted to 100 kbpd due to limited pipeline capacity to the Gulf 

Coast (CAPP 2013).  CAPP (2013) anticipates that refineries in PADD3 could process 

1.1 mbpd of Canadian crude oil by 2020 based on existing contractual commitments for 

proposed pipelines to the Gulf Coast.  Pipeline companies operating in Canada have 

recently focused on diversifying their export markets away from the US by pursuing 

pipeline, port, and tanker projects that provide tidal access required to increase export 

capacity to international crude oil markets in Asia.   

1.2. Growth in Pipeline Development 

Major Canadian pipeline projects are proposed to meet the growing demand for 

oil in the US and Asia in the next decade.  There are six major oil pipeline projects either 

proposed or approved in Canada with an in-service date before 2020 (Table 1.1).  The 

six projects represent total potential pipeline capacity of 3.7 mbpd, approximately 10,366 

km of pipeline, and capital costs of $31.5 billion.  Although not all proposed projects are 

likely to proceed to the construction phase, most project proponents will likely submit an 

application to regulators requiring an evaluation of potential project impacts from the 

federal and/or provincial governments. 
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Table 1.1. Major New Oil Pipeline Projects in Canada 

Project Location Year in 
Service Facilities Capacity 

(kbpd) 
Pipeline 

Length (km) 
Cost 

(Billions) 

Alberta Clipper Expansion AB to WI 2016 Pipeline expansion 350 1,078 0.8 

Enbridge Line 9B Reversal ON to QC 2014 Pipeline reversal and 
expansion 300 639 0.1 

Keystone XL AB to NE 2015 Pipeline and infrastructure 830 1,897 5.3 

Kinder Morgan Trans 
Mountain Expansion AB to BC 2017 Pipeline and marine port 

expansion 590 1,180 5.4 

Northern Gateway AB to BC 2019 Pipeline and marine port 525 1,172 7.9 

TransCanada Energy East AB to QC 2017 Pipeline and marine port 1,100 4,400 12.0 

Total  3,695   10,366   31.5  

Source: CAPP (2013); ENGP JRP (2013). Note: Figures may not add up due to rounding; Year represents 
projected year the pipeline would be in service; kbpd = Thousand barrels per day; Capacity for Trans 
Mountain Expansion represents incremental capacity.  

1.3. Costs and Benefits of Pipeline Projects 

New major pipeline projects proposed in Canada over the next decade have the 

potential to generate regional and national economic impacts.  The six major oil pipeline 

projects either proposed or approved for construction in Canada represent potential 

investment of $31.5 billion in capital costs (Table 1.1).  The $31.5 billion in capital 

investment may increase gross domestic product (GDP), employment, and revenue for 

various levels of government and further generate indirect and induced economic 

impacts from economic multiplier effects.  Proponents often use the potential for 

significant economic benefits to justify the development of major projects and often 

overstate the economic benefits of large projects in order to appeal to governments 

focused on economic development (Flyvbjerg 2007).  Indeed, depending on the type of 

project and the economic conditions at the time, pipeline projects could contribute few 

incremental economic benefits if resources are simply reallocated between industry 

sectors and regions and if labour and capital employed by proposed projects would 

otherwise be employed elsewhere in the economy. 

Major pipeline projects also have the potential to impose significant 

environmental and social/cultural costs. Van Hinte et al. (2007) describe potential 
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environmental impacts from the construction and operation of pipeline projects, 

including: impacts to air quality from increased emissions and dust; impacts to 

vegetation from direct loss or alteration of vegetation, introduction of non-native species, 

and disturbance to rare plants; and impacts to surface and groundwater from flow 

obstruction, decreased water quality, and contamination.  Pipeline projects also pose 

potential impacts to wildlife from habitat loss, alteration, or fragmentation, disturbance to 

feeding, breeding, and migration patterns, and increased mortality resulting from 

increased human-wildlife conflicts (Van Hinte et al. 2007).  Further, pipelines that cross 

waterbodies may increase sedimentation and turbidity, and disrupt watercourse flows, 

resulting in direct species loss, and may increase access to fishing areas that result in 

indirect species loss (Van Hinte et al. 2007).  At larger spatial and temporal scales, 

cumulative impacts from incremental project development may combine to create 

synergistic environmental and social impacts in the development region (Kennett 1999; 

Duinker and Greig 2006; Galbraith et al. 2007; Holroyd et al. 2007). 

Major pipeline projects providing tidal access to ship oil and gas via tanker to 

international markets may cause impacts from routine tanker operations as well as 

potential catastrophic environmental impacts from a spill.  Routine tanker operations 

contribute to air pollution associated with human health effects, acid rain, and climate 

change, as well as release ballast water that may introduce invasive species and 

increase mortality in marine birds (Van Hinte et al. 2007).  Oil spills may cause morbidity 

and mortality to marine and terrestrial species, decrease water quality, and contaminate 

shorelines (Van Hinte et al. 2007).  Oil spills also have the potential to negatively impact 

workers involved in clean-up (Ott 2005; Rodríguez-Trigo et al. 2010), disrupt the local 

economy (Carson and Hanemann 1992; Mills 1992; ARI 1993; Cohen 1995), cause 

psychological stress to Aboriginal peoples and other local residents (Palinkas et al. 

1993), and disrupt subsistence harvests (Fall et al. 2001; Fall 2006).  The Exxon Valdez 

oil spill (EVOS) of 41,000 m3 produced significant environmental, economic, and 

sociocultural impacts, some of which are evident 20 years after the initial grounding in 

Prince William Sound (EVOSTC 2010).  Total estimated economic costs associated with 

the Exxon Valdez incident range between $12.2 and $131.1 billion (2010 Canadian 

dollars or CAD) (Gunton and Broadbent 2012b).  However, even smaller spills can have 

significant adverse environmental impacts.  The US government evaluated potential 
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impacts of a spill under 750 m3 in Cook Inlet, Alaska and predicted significant impacts to 

water quality, fish habitats and populations, birds, marine and terrestrial mammals, 

subsistence harvest areas, and economic assets (US DOI 2003). 

1.4. Regulatory Review of Pipeline Applications 

The project review process involves gathering and evaluating information to 

anticipate and mitigate environmental, social, cultural and other potential damages from 

proposed courses of action (Boyd 2003), and to assess whether a project is needed and 

in the public interest (NEB 2013a).  The regulatory review of major pipeline projects 

involves the NEB and Canadian Environmental Assessment Agency (CEA Agency) in a 

joint review process (JRP) that evaluates projects according to legislative criteria under 

the National Energy Board Act (NEBA) and the Canadian Environmental Assessment 

Act 2012 (CEAA 2012).  Criteria for project approval under the NEBA require an 

applicant to show that a project is required by the present and future public convenience 

and that a project is in the public interest, while the CEAA 2012 requires an applicant to 

demonstrate that the project is not likely to produce significant adverse environmental 

effects, or that such effects are justified in the circumstances. 

Research suggests that the regulatory review process for major pipeline projects 

in Canada contains several weaknesses.  In an evaluation of the assessment process 

for major oil and gas pipeline projects in Canada, Van Hinte et al. (2007) use best 

practices to identify strengths and weaknesses of the joint CEA Agency/NEB project 

assessment process in effect at the time of their research.  The authors determine that 

the NEB does not require comparative evaluation of project alternatives, decision-

making criteria and methods are not explicitly outlined, there are concerns over the 

objectivity of information since the applicant seeking project approval prepares the 

impact assessment, and responsible authorities have the discretion to approve a project 

regardless of findings presented during the regulatory review process (Van Hinte et al. 

2007).  Furthermore, the NEB approval process fails to address the equitable distribution 

of benefits and compensation issues for parties negatively affected by development (Van 

Hinte et al. 2007).  Van Hinte et al. (2007) conclude that of their 14 best practice criteria 

for evaluating impact assessment processes, the federal regulatory review and approval 
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process for major pipeline projects fully meets only three best practice criteria.  Wozniak 

(2007) evaluates the regulatory review and approval process for the Mackenzie Gas 

pipeline project in the Northwest Territories with a set of 13 best practice principles and 

determines that only two of the best practices were fully met.  Major deficiencies in the 

JRP for the Mackenzie Gas Project identified by Wozniak (2007) include the discretion of 

the NEB to determine whether or not a project is in the public interest, the lack of 

objectivity of proponents preparing information, the failure to evaluate competing 

projects, and the lack of requirements to incorporate stakeholder values into the final 

decision.  In an evaluation of the pipeline review process in Canada, Doucet (2012) 

suggests that the process could be improved in two key areas, namely increasing 

efficiency by eliminating duplication and addressing scope creep by dealing with 

overarching issues such as energy security and greenhouse gas emissions in a national 

energy policy.  Although other researchers have evaluated components of the review 

process for major pipeline projects in Canada (Doucet and Littlechild 2009; Land-Murphy 

2009; Stendie 2013), there is a relative dearth of literature compared to the extensive 

project evaluation research for the environmental assessment (EA) process in Canada 

(Gibson 1993; Doyle and Sadler 1996; Mulvihill and Baker 2001; Sinclair and Diduck 

2001; Couch 2002; Boyd 2003; Galbraith 2005). 

One key concern about the federal project review process relates to the 

evaluation methods that proponents use to determine the impacts of these projects.  The 

typical evaluation framework in the regulatory review process for major pipeline projects 

in Canada consists of economic impact assessment (EconIA) coupled with the 

identification of environmental and social impacts, as well as mitigation measures to 

reduce the significance of impacts (ENGP 2010; KM 2013).  Although there has been no 

comprehensive evaluation of methods used in the regulatory review process to evaluate 

major pipeline projects in Canada to date, Joseph (2013) evaluates a similar 

methodological framework used to assess Alberta oil sands projects.  The author 

characterizes the methodological framework for evaluating oil sands projects as one that 

examines economic, environmental, and social impacts in isolation using different impact 

assessment methods that collectively produce an abundance of disparate information 

that decision-makers must consider in making their decision whether or not to approve 

the project.  Joseph (2013) suggests that this approach does not provide decision-
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makers with the requisite information to effectively evaluate whether or not a project 

should be approved.  Joseph (2013) advocates the use of cost-benefit analysis (CBA) to 

address some of the deficiencies associated with existing evaluation methods in the 

project review process.  

Multiple account benefit-cost analysis (MABCA) represents one methodological 

approach that improves on traditional CBA (Shaffer 2010; Joseph 2013).  Unlike CBA 

that attempts to translate all impacts into a monetary value, MABCA has the capability to 

incorporate impacts that are too difficult to monetize into a single evaluative framework. 

These impacts are expressed in quantitative measures or qualitative summaries 

describing the magnitude or significance of impacts that provide a more meaningful 

estimate of potential values when there is a high degree of uncertainty associated with 

estimating shadow prices for these impacts (Shaffer 2010).  Traditional CBA attempts to 

aggregate all monetary values into an overall value for the entire project, whereas the 

MABCA framework disaggregates project impacts into separate evaluation accounts that 

systematically document the significance of monetary and nonmonetary economic, 

environmental, social, and other costs and benefits arising from a project (Shaffer 2010). 

Compared to CBA, the disaggregated nature of MABCA informs decision-making by 

comparing alternatives and identifying trade-offs across evaluation accounts (Shaffer 

2010).  The relative strengths and weaknesses of MABCA as a methodological 

approach for evaluating major pipeline projects in Canada are unknown. 

1.5. Research Scope and Objectives 

The future growth in pipeline development, potentially significant costs and 

benefits of pipeline projects, and recognized inadequacies associated with assessing 

regulatory applications for pipeline projects indicate that there is a need to ensure that 

the evaluation process is structured to provide decision-makers with the best information 

and methods of analysis available to decide whether a project should be approved.  My 

dissertation examines existing methods used to evaluate pipeline proposals and to 

provide information to decision-makers in the federal regulatory review process for 

pipeline projects and assesses whether existing methods produce information that 

effectively addresses legislative criteria for project approval.  Thus, the focus of my 
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dissertation is on the analytical approach to addressing legislative criteria and the 

methodological guidance provided by regulators to proponents in the preparation of 

project applications, as opposed to the overall regulatory review process.  Although, the 

importance of an effective regulatory process for reviewing pipeline project applications 

cannot be overstated, the investigation of the quality of the regulatory review process as 

a whole is outside the scope of this dissertation.   

There are three research objectives in my dissertation.  The objectives are to: 

1. identify strengths and weaknesses of existing methods that inform 
decision-making in the regulatory review of major pipeline projects;  

2. determine the capability of MABCA as an alternative methodological 
framework for evaluating major pipeline projects; and  

3. recommend improvements to the methodological approach informing 
decision-makers reviewing major pipeline projects.   

To address the research objectives I use a case study approach, which consists 

of an in-depth evaluation of the methods that Enbridge Northern Gateway Pipelines 

(ENGP) uses in its regulatory application for the Northern Gateway Project (NGP).  The 

NGP is a major pipeline project proposed between Bruderheim, AB and Kitimat, British 

Columbia (BC) with potentially significant economic, environmental, and social impacts.  

I chose the NGP as a case study for evaluating methods that inform decision-making in 

the federal regulatory review process for major pipeline projects because the information 

in the application submitted by ENGP is both comprehensive and recent.  The 

application for the NGP contains approximately 10,000 pages and there was an 

additional 11,000 pages of technical and scientific information submitted by experts 

(Park 2010).  Further, the information submitted to the NGP review process between 

2010 and 2013 is recent and reflects the latest data and analysis on economic, 

environmental, and social impacts from major pipeline projects.  This dissertation 

includes the following components: 

•  a description of the federal regulatory review process for Canadian pipeline 
projects; 

•  a description of the federal legislation that guides decision-making in pipeline 
review projects and the guidance documents provided by regulators to 
proponents preparing a regulatory application; 

•  a description of the NGP; 
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•  an evaluative framework for measuring the degree to which the NGP 
regulatory application satisfies legislative decision-making criteria under the 
NEBA and CEAA 2012; 

•  a description of existing methods used to produce information for decision-
makers reviewing pipeline projects; 

•  a case study evaluation of the NGP regulatory application with NEBA 
legislative criteria for evaluating the need and public interest of the project; 

•  a case study evaluation of the NGP regulatory application with CEAA 2012 
legislative criteria for evaluating the environmental impacts of the project (this 
evaluation focuses on oil spill risk assessment, which is the most significant 
potential adverse impact of the NGP); and 

•  a case study application of MABCA to the NGP and an evaluation of the 
method with the NEBA legislative criteria. 

1.6. Structure of Dissertation 

In the second chapter, I examine the federal institutional framework for 

evaluating major pipeline projects in Canada.  I provide an overview of the existing 

federal regulatory review process including the NEBA and CEAA 2012 criteria that 

decision-makers must use in the evaluation of major pipeline project applications, and 

guidance documents provided by federal regulators to proponents preparing their 

applications.  I conclude the chapter by synthesizing existing regulatory requirements 

into an evaluative framework that can be used to assess the degree to which a 

regulatory application for a major pipeline project satisfies NEBA and CEAA 2012 

legislative criteria.   

In Chapter 3, I provide an overview of the NGP and summarize the applicant’s 

regulatory application for the case study.  I describe the tanker, terminal, and pipeline 

components of the project and broadly discuss the contents of the regulatory application 

for the NGP submitted by the ENGP including the potential impacts of the project and 

the methods used by the applicant to assess the impacts. 

In the fourth chapter I describe the portion of the NGP regulatory application that 

addresses legislative criteria in the NEBA.  Thus, I describe evidence submitted by 

ENGP to support its argument that the project is needed and in the public interest under 

the NEBA.  
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In Chapter 5, I evaluate the methodological approaches used by the applicant in 

the NGP regulatory application to support the applicant’s claim that the NGP satisfies 

legislative criteria under the NEBA.  To complete the evaluation, I use evaluative criteria 

from my synthesis of the institutional framework in Chapter 2 to assess the NGP 

evidence summarized in Chapter 4.  Thus, I evaluate the degree to which information in 

the NGP application submitted during the JRP demonstrates the need for the NGP and 

the project’s public interest impacts. 

In Chapter 6, I describe the regulatory application for the NGP that seeks to 

address legislative criteria in the CEAA 2012.  Therefore, I describe evidence submitted 

by ENGP addressing the likelihood that the NGP will cause significant adverse 

environmental effects under the CEAA 2012.  

In Chapter 7, I evaluate the methods used in the NGP regulatory application to 

determine the likelihood of significant adverse environmental effects as required in the 

CEAA 2012.  As discussed earlier, I focus on the assessment of the risk of an oil spill. 

The objective of my evaluation is to examine whether the methods for estimating tanker, 

terminal, and pipeline spill risk in the NGP regulatory application adequately assess the 

likelihood of significant adverse environmental effects from the NGP.  To complete the 

evaluation I develop good practice criteria from a review of risk assessment literature 

and use the good practices to identify any deficiencies that may reduce the quality of 

information provided to decision-makers applying the CEAA 2012 legislative criterion.   

In Chapter 8, I evaluate spill risk for the NGP using the Oil Spill Risk Analysis 

(OSRA) model, which is an alternative risk assessment methodology to the approach 

used by ENGP to estimate spill risk in the NGP application.  I estimate NGP spill risk 

with the OSRA model because it is a well-established methodology that the US 

government uses to estimate spill risk for oil and gas exploration and development.  I 

evaluate the OSRA model and its application to the NGP with good practices identified in 

Chapter 7.  I then compare the results of my evaluation with the results of my evaluation 

of risk assessment methods in the NGP application and discuss the similarities and 

differences of the two approaches. 
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In Chapter 9, I test a comprehensive evaluative framework by completing a 

MABCA for the NGP.  I use MABCA to examine whether the method addresses some of 

the deficiencies identified in my evaluation of the NGP application in Chapters 5 and 7.  I 

then evaluate MABCA methodology with the evaluative criteria for assessing major 

pipeline project applications described in Chapter 2 and discuss the strengths and 

weaknesses of the MABCA method. 

In Chapter 10, I provide a summary of my findings and make recommendations 

to improve the methods used by project proponents to inform decision-makers reviewing 

major pipeline projects.  I also discuss future research related to the methods used to 

provide information to decision-makers in the federal regulatory review process for 

pipeline projects.  
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2. Regulatory Framework for Evaluating Major 
Pipeline Projects 

2.1. Introduction 

In this chapter I describe the federal regulatory framework for evaluating major 

pipeline projects in Canada.  The regulatory framework consists of the regulatory review 

process, legislative criteria in the NEBA and CEAA 2012 that decision-makers must use 

in the evaluation of project applications, guidance documents provided by federal 

regulators, and any documents at the individual project level that influence the decision-

making process.  Further, the regulatory framework is shaped by previous NEB 

decisions that provide insight on how the NEB uses its mandate under the NEBA to 

determine whether projects are in the public interest. 

 At the beginning of the chapter I introduce the JRP, which is the principal 

regulatory review process for pipeline projects under the NEBA and CEAA 2012.  Since 

my thesis focuses on analytical methods used to prepare the application reviewed by the 

joint review panel (JR Panel), and not the review process itself, I provide only a brief 

description of the review process.  I summarize the separate NEBA and CEAA 2012 

legislative criteria that are used by decision-makers in their evaluation of major pipeline 

projects.  I then describe the JRP for the NGP to illustrate how the JRP functions for a 

particular project.  For completeness I discuss the Technical Review Process of Marine 

Terminal Systems and Transhipment Sites (known as TERMPOL), which is a voluntary 

review process to address ship safety, route safety, and marine terminal siting, 

construction, and operation (TC 2001) since the review process applies to project 

applications that have a marine shipping component.  I then describe the various 

guidance documents that federal regulators have issued to guide project proponents in 

the preparation of their regulatory applications for major pipeline projects.  Guidance 

documents provide instruction to proponents on the type and format of information 

required to make a decision under the NEBA and CEAA 2012.  In the next section I 
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summarize previous NEB decisions as they relate to how the NEB exercises its mandate 

under the NEBA.  Based on my summary in the preceding sections, I then discuss 

general observations about the federal regulatory framework for evaluating major 

pipeline projects and I conclude the chapter with a synthesis of the informational 

requirements that proponents must provide to decision-makers to obtain project 

approval.  

2.2. Joint Review Process 

The JRP is a federally administered project review process governed by the 

NEBA and CEAA 2012.  The NEB administers the JRP for interprovincial pipeline project 

applications in a manner consistent with the requirements of a panel review under the 

CEAA 2012.  In order to limit the scope of my summary of the federal project review 

process for interprovincial pipeline projects, I focus on the JRP administered by the NEB, 

since the NEB’s hearing process for the regulatory review of major energy projects 

within federal jurisdiction is the preferred option over assessments of such projects by 

review panels under the CEAA 2012 (CEA Agency and NEB 2011).  Thus I do not 

summarize in detail the EA process by review panels administered separately by the 

CEA Agency.  For a comprehensive description of the EA process administered by the 

CEA Agency see Joseph (2013). 

The NEB is a federal agency established by the Parliament of Canada in 1959 to 

regulate interprovincial and international oil and gas activities in Canada (NEB 2011d).  

The NEB has a mandate to “promote safety and security, environmental protection and 

economic efficiency in the Canadian public interest…for the regulation of pipelines, 

energy development and trade” (NEB 2011d, p. 1).  The NEB regulates the following 

activities of the energy sector in Canada: 

•  Interprovincial and international oil and gas pipelines and power lines; 

•  Tolls and tariffs for pipelines within its jurisdiction; 

•  Export of oil, natural gas, natural gas liquids, and electricity, as well as natural 
gas imports; and 

•  Exploration, development, and production of oil and gas in offshore areas and 
frontier lands not under provincial or federal management (NEB 2012a). 
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The NEB has a legislative responsibility to assess environmental and socio-

economic effects of energy projects in its jurisdiction.  The NEB must assess 

environmental and socio-economic effects of four distinct phases, including: (1) the 

evaluation of potential effects of constructing and operating projects; (2) the monitoring 

and enforcement of terms and conditions; (3) the monitoring and regulation of operations 

including decommissioning; and (4) the evaluation of potential effects from project 

abandonment (NEB 2013a, p. 4A-18).  According to the NEB, its objectives for 

environmental and socio-economic assessment include the following: 

•  potential effects of projects receive thorough consideration before any 
decisions on the project are made allowing a project to proceed; 

•  projects are not likely to cause significant adverse effects or contribute to 
significant adverse cumulative effects; 

•  there is an opportunity for meaningful public and Aboriginal participation; and 

•  the NEB’s process and its decisions or recommendations are transparent and 
reflect the input received from those participating in the environmental 
assessment and regulatory review process (NEB 2013a, p. 4A-18). 

In 2011, the NEB and CEA Agency signed a Memorandum of Understanding in 

which they agreed to conduct a single JRP for projects requiring a federal EA under the 

CEAA 1992 (now replaced by CEAA 2012) and a project review under the NEBA (CEA 

Agency and NEB 2011).  The Memorandum of Understanding was designed to reduce 

duplication in the event that the NEB received a project application that it would 

otherwise refer to a review panel under the CEAA 1992, by substituting the NEB’s public 

hearing and review process under the NEBA for a review panel assessment under the 

CEAA 1992 (CEA Agency and NEB 2011).  Pursuant to the Memorandum of 

Understanding, a JR Panel would be established as an independent body appointed by 

the Chair of the NEB and the Minister of the Environment (CEA Agency and NEB 2011).  

The JR Panel would conduct the regulatory review of the project application and, 

depending on the project, would consist of three members including two permanent 

members of the NEB and one member appointed by the Minister of the Environment 

(NEB and MoE 2009).  The CEAA 2012 came into effect on July 6, 2012 and section 

126 requires an EA process started under CEAA 1992 to continue under the new CEAA 

2012. 
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The NEB is a responsible authority under the CEAA (S.C. 2012, c. 19, s. 52) and 

thus must conduct an EA for designated projects in accordance with the CEAA 2012 

(NEB 2012b).  An EA is required for projects listed in the Regulations Designating 

Physical Activities (SOR/2012-147), which specify in section 14 the construction, 

operation, decommissioning, and abandonment of an oil pipeline more than 75 km in 

length on a new right of way.  The CEAA 2012 integrates the federal EA process into the 

NEB review process and requires the NEB to complete an EA for major pipeline projects 

under NEB jurisdiction (Becklumb 2012).   

There are several main steps in the JRP that culminate in a decision as to 

whether or not to approve the project application.  The project proponent submits a 

Preliminary Information Package that provides an overview of the proposed project 

including a description of the biophysical and human environmental setting of the 

project, a description of proposed facilities including construction and operations, a 

summary of planned and undertaken consultation activities, and a description of the 

scope of the assessment (GPLP 2005).  The Minister of the Environment and the NEB 

issue the Terms of Reference (ToR) that the JR Panel must consider in its review of the 

project (GPLP 2005; NEB and MoE 2009).  ToR include a description of the scope of the 

assessment, a description of factors to be considered during the joint review and the 

scope of these factors, and an overview of the steps in the review process (NEB and 

MoE 2009).  The project proponent then files its regulatory application for a Certificate of 

Public Convenience and Necessity under section 52 of the NEBA (NEB 2011b).  The 

project application is a self-assessment prepared by the project proponent and any 

consultants or experts hired by the proponent.  According to the NEB Filing Manual, a 

section 52 application for a new pipeline facility should include the following information: 

•   The purpose of the project; 

•   Consultation activities of the applicant with potentially-affected parties 
including local residents, government, and Aboriginal groups; 

•   Engineering design of the project; 

•   Environmental and socio-economic assessment of the project; 

•   Economic and financial information on the applicant and the project; and 

•   Lands information including the general pipeline route (NEB 2011b). 
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Depending on the sufficiency of information in the regulatory application as 

outlined in the ToR, the JR Panel may ask proponents to submit additional evidence or 

clarify existing evidence to satisfy information requirements.  Once the proponent has 

filed its application with the NEB and the application contains sufficient information, the 

JR Panel issues a Hearing Order that outlines the JRP and sets out the procedures that 

the JR Panel must follow during the review.  The hearing order contains: 

•   a description of how public and Aboriginal peoples can participate in the 
project review process; 

•   a draft list of project-related issues that the joint review will consider; 

•   details about how and when interveners can issue information requests to 
obtain additional information from the project proponent and other parties; 

•   access to evidence, correspondence, and other project documents; 

•   a schedule including deadlines for filing evidence and information requests; 
and 

•   information about how procedural motions or questions can be raised (NEB 
and MoE 2012).    

Following issuance of the Hearing Order, the JRP Secretariat conducts 

information sessions with public participants and Aboriginal peoples to seek comments 

on the list of issues in the Hearing Order, any additional information required by the 

proponent, and the location of the oral hearings (NEB and MoE 2012).   

Public participants and Aboriginal groups participate in the federal project review 

process in various ways that include filing a letter of comment, providing an oral 

statement, or registering as an intervener.  A letter of comment allows participants to 

provide knowledge, views, or concerns on the project to the JR Panel while an oral 

statement is similar in nature to a letter of comment but allows the participant to vocalize 

their knowledge, views, or concerns during community hearings (ENGP JRP 2011b).  

Intervention is the highest level of participation whereby interveners can file written 

evidence such as reports and statements that they wish the JR Panel to consider, ask 

questions about the evidence of others in the form of information requests, receive 

questions on their own evidence submissions, participate in cross-examination during 

the final hearings, and make a final argument (NEB and MoE 2012).   
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The JRP includes two sets of hearings. The first set of hearings allows registered 

public participants and Aboriginal groups to give oral statements in front of the JR Panel 

(ENGP JRP 2011b).  These community hearings also allow interveners to deliver a 

portion of their evidence in an oral statement including oral traditional evidence or other 

evidence that cannot be submitted in writing (ENGP JRP 2011b).  The second set of 

hearings, final hearings, consists of oral questioning of the evidence by the applicant, 

interveners, and government participants and final argument submission by the same 

parties (ENGP JRP 2011b).  Oral questioning of the evidence submitted during the JRP 

allows the JR Panel and participating parties to test evidence submitted either by the 

proponent or interveners (ENGP JRP 2011b).  Final arguments allow parties to 

summarize their evidence, and make recommendations to the JR Panel regarding the 

project (ENGP JRP 2011b).   

After final argument, the JR Panel reviews the proponent’s application, weighs 

the evidence submitted by various participants, and summarizes its recommendations in 

a report to the Governor in Council.  The report that the JR Panel prepares sets out its 

recommendations as to whether or not the project should proceed (NEB and MoE 2012).  

The report includes a recommendation as to whether or not to issue a Certificate of 

Public Convenience and Necessity under section 52 of the NEBA, as well as reasons for 

the JR Panel’s recommendations, and any terms and conditions that the JR Panel 

considers necessary (NEB and MoE 2012).  The report also includes the JR Panel’s 

rationale, conclusions, and recommendations regarding the EA of the project and 

identifies the environmental effects that must be taken into consideration under section 5 

of the CEAA 2012 (NEB and MoE 2012).  Once the JR Panel has prepared the report 

identifying its recommendations on whether the proposed project should proceed, the 

panel submits the report to the Minister of Natural Resources who makes the report 

available to the public, Aboriginal peoples, and the Governor in Council (Becklumb 2012; 

NEB and MoE 2012).  Changes to the review process in 2012 require the NEB to 

complete its review and submit a report to the Governor in Council within 15 months of 

the proponent filing its application (Becklumb 2012).   

The ultimate decision to approve or not approve a project resides with the 

Governor in Council (federal cabinet).  Section 54 of the NEBA states that the Governor 

in Council has three months to review the report prepared by the JR Panel prior to 
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deciding whether to issue a Certificate of Public Convenience and Necessity or dismiss 

the project application (NEBA R.S.C. 1985, c. N-7, s. 54).  Further, section 31 of the 

CEAA 2012 states that the Governor in Council determines whether the project is likely 

to cause significant adverse environmental effects and if so, decides whether the effects 

from the project are justified in the circumstances (CEAA S.C. 2012, c. 19, s. 52. s. 31).  

Prior to the 2012 amendments, the Governor in Council did not have the authority to 

approve a project that the JR Panel had recommended against, but under the revised 

statutory scheme the Governor in Council may do so.  Also, for CEAA 2012 

assessments of projects that are not governed by the NEBA and reviewed by an NEB 

JR Panel, the decision about whether there are significant adverse effects is made by 

the Responsible Authority or the Minister of Environment, rather than the Governor in 

Council.  

After a pipeline receives NEB approval and obtains a Certificate of Public 

Convenience and Necessity, the exact route of the pipeline must be decided in a 

detailed route approvals process (NEB 2010).  The proponent is required to file a Plan, 

Profile, and Book of Reference with the NEB that shows the exact right-of-way of the 

proposed pipeline (NEB 2010).  If the NEB receives opposition to the proposed right-of-

way of the pipeline, the NEB will hold a detailed route hearing where it collects evidence 

and makes a decision on the detailed disputed route (NEB 2010). 

2.2.1. Project Approval Criteria 

Regulatory approval under the JRP requires the applicant to demonstrate that 

the proposed project satisfies separate decision criteria pursuant to the NEBA and 

CEAA 2012.  As I will discuss, both the NEB and CEA Agency provide little guidance to 

decision-makers and proponents on how to determine whether or not information in the 

project application meets decision-making criteria pursuant to the NEBA and CEAA 

2012. 

2.2.1.1. National Energy Board Act 

The NEBA establishes the regulatory responsibilities of the NEB for oil and gas 

activities and outlines criteria for assessing applications for proposed projects.  To obtain 

a Certificate of Public Convenience and Necessity under the NEBA, project proponents 
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must provide information in the application that enables the NEB to recommend to the 

Governor in Council whether or not the project should be approved.  Under section 52 of 

the NEBA, the NEB must make its recommendation taking into account whether the 

pipeline is and will be required by the present and future public convenience and 

necessity of the pipeline.  Section 52 of the NEBA requires the NEB to consider the 

following criteria when assessing an application for a Certificate of Public Convenience 

and Necessity:  

(a) the availability of oil, gas, or any other commodity to the pipeline; 

(b) the existence of markets, actual or potential; 

(c) the economic feasibility of the pipeline; 

(d) the financial responsibility and financial structure of the applicant, the 
methods of financing the pipeline and the extent to which Canadians will 
have an opportunity to participate in the financing, engineering and 
construction of the pipeline; and 

(e) any public interest that in the Board’s opinion may be affected by the 
issuance of the certificate or the dismissal of the application (NEBA 
R.S.C. 1985, c. N-7, s. 52). 

The NEBA does not provide a definition of the public interest.  Rather, a guide for 

landowners and the public published by the NEB defines the public interest as follows:  

The public interest is inclusive of all Canadians and refers to a balance of 
economic, environmental, and social interests that change as society’s 
values and preferences evolve over time. The Board estimates the overall 
public good a project may create and its potential negative aspects, 
weighs its various impacts, and makes a decision (NEB 2010, p. 1). 

Consistent with previous judgments on determinations of public convenience and 

necessity (Union Gas Co. of Canada Ltd. v. Sydenham Gas & Petroleum Company 

Limited, 1957; Memorial Gardens Association of Canada Limited v. Colwood Cemetery 

Company, 1958), Canadian courts have held that determining the public interest under 

the NEBA is not a matter of fact but a matter of opinion formulated by the NEB only 

(Committee for Justice & Liberty Foundation v. Interprovincial Pipe Line (NW) Limited, 

1981).  A judge in a Canadian court is not entitled to substitute his or her own opinion of 

what is in the public interest for the opinion of the NEB (Committee for Justice & Liberty 
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Foundation v. Interprovincial Pipe Line (NW) Limited, 1981).  Therefore, Canadian courts 

have not interfered in the NEB’s decisions related to the public interest. 

As discussed in the previous section, the Governor in Council decides if the 

project should receive a Certificate of Public Convenience and Necessity subject to the 

terms and conditions in the JR Panel report.  Indeed, section 54 of the NEBA states that 

after the NEB has submitted its report, the Governor in Council may, by order: 

(a) direct the Board to issue a certificate in respect of the pipeline or any 
part of it and to make the certificate subject to the terms and conditions 
set out in the report; or 

(b) direct the Board to dismiss the application for a certificate (NEBA 
R.S.C. 1985, c. N-7, s. 54). 

2.2.1.2. Canadian Environmental Assessment Act 

The CEAA 2012 is the primary piece of legislation in Canada that establishes a 

legal basis for the federal EA process and contains regulatory approval criteria that 

decision-makers must consider when deciding whether or not to approve a proposed 

project.  The NEB is a responsible authority under section 15 of the CEAA 2012 and 

must conduct an EA for proposed projects in accordance with the CEAA 2012 (NEB 

2012b).  Section 4 describes the purpose of the CEAA 2012: 

(a) to protect the components of the environment that are within the 
legislative authority of Parliament from significant adverse environmental 
effects caused by a designated project; 

(b) to ensure that designated projects that require the exercise of a power 
or performance of a duty or function by a federal authority under any Act 
of Parliament other than this Act to be carried out, are considered in a 
careful and precautionary manner to avoid significant adverse 
environmental effects; 

(c) to promote cooperation and coordinated action between federal and 
provincial governments with respect to environmental assessments; 

(d) to promote communication and cooperation with aboriginal peoples 
with respect to environmental assessments; 

(e) to ensure that opportunities are provided for meaningful public 
participation during an environmental assessment; 
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(f) to ensure that an environmental assessment is completed in a timely 
manner; 

(g) to ensure that projects, as defined in section 66, that are to be carried 
out on federal lands, or those that are outside Canada and that are to be 
carried out or financially supported by a federal authority, are considered 
in a careful and precautionary manner to avoid significant adverse 
environmental effects; 

(h) to encourage federal authorities to take actions that promote 
sustainable development in order to achieve or maintain a healthy 
environment and a healthy economy; and 

(i) to encourage the study of the cumulative effects of physical activities in 
a region and the consideration of those study results in environmental 
assessments (CEAA S.C. 2012, c. 19, s. 52, s. 4). 

The CEAA 2012 defines the environment and environmental effects.  Section 2 

of the CEAA 2012 defines the environment as components of the Earth including: 

land, water and air, including all layers of the atmosphere; all organic and 
inorganic matter and living organisms; and the interacting natural systems 
that include [these] components (CEAA S.C. 2012, c. 19, s. 52, s. 2). 

Section 5 of the CEAA 2012 defines environmental effects that are to be 

considered relative to a physical activity or proposed project as changes that occur: 

•   to fish and fish habitat; 

•   to aquatic species; 

•   to migratory birds; 

•   on federal lands; 

•   across provincial boundaries; 

•   outside Canada; 

•   to Aboriginal peoples as a result of changes to the environment, including 
effects related to health and socio-economic conditions, physical and cultural 
heritage, use of lands and resources for traditional activities, and any 
significant historical, archaeological, paleontological, or architectural 
structures; and 

•   to the environment that is directly linked or necessarily incidental to a federal 
authority’s decision about a project, including socio-economic and other 
impacts arising from such changes (CEAA S.C. 2012, c. 19, s. 52, s. 5). 
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Regulatory approval pursuant to the CEAA 2012 requires the Governor in 

Council to decide if, after mitigation measures, the project is likely to cause significant 

adverse environmental effects.  If the Governor in Council decides the project is likely to 

cause significant adverse environmental effects, the Governor in Council must also 

decide whether the effects are justified in the circumstances.  Indeed, section 31 of the 

CEAA 2012 describes the role of the Governor in Council in the decision-making 

process: 

(1) After the responsible authority with respect to a designated project has 
submitted its report with respect to the environmental assessment or its 
reconsideration report under section 29 or 30, the Governor in Council 
may, by order made under subsection 54(1) of the National Energy Board 
Act 

(a) decide, taking into account the implementation of any mitigation 
measures specified in the report with respect to the environmental 
assessment or in the reconsideration report, if there is one, that the 
designated project  

(i) is not likely to cause significant adverse environmental effects, 

(ii) is likely to cause significant adverse environmental effects that 
can be justified in the circumstances, or 

(iii) is likely to cause significant adverse environmental effects that 
cannot be justified in the circumstances; and 

(b) direct the responsible authority to issue a decision statement to 
the proponent of the designated project that 

(i) informs the proponent of the decision made under paragraph 
(a) with respect to the designated project and, 

(ii) if the decision is referred to in sub-paragraph (a)(i) or (ii), sets 
out conditions — which are the implementation of the mitigation 
measures and the follow-up program set out in the report with 
respect to the environmental assessment or the re-consideration 
report, if there is one — that must be complied with by the 
proponent in relation to the designated project (CEAA S.C. 2012, 
c. 19, s. 52, s. 31). 

Therefore, under the CEAA 2012 the federal cabinet ultimately determines 

whether or not the project would cause significant adverse environmental effects and 

whether these effects are justified in the circumstances.  
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2.2.2. Provincial Role in Joint Review Process 

Provincial and territorial governments typically have a role in the JRP, although 

the level of participation depends on agreements signed between the federal 

government and each province or territory.  Cooperation or equivalency agreements 

permit provinces and territories to delegate their responsibilities to conduct project 

review to either the CEA Agency or NEB and vice versa for the CEA Agency in certain 

circumstances.  The CEA Agency has cooperation agreements with provincial 

governments to harmonize the project review process in the event that a project EA is 

required at both the federal and provincial levels.  Harmonization agreements are 

designed to streamline EA by reducing duplication and overlap between federal and 

provincial EA processes (Boyd 2003).  Although objectives among the different 

cooperation agreements vary, EA harmonization attempts to ensure environmental 

effects of projects are carefully considered, to improve efficiency of private and public 

resources, and to establish accountability and predictability in the EA process.  

Presently, the CEA Agency has signed cooperation agreements with the governments of 

AB, BC, Manitoba, Newfoundland and Labrador, Ontario, Québec, Saskatchewan, and 

the Yukon (CEA Agency 2012a).  

In June 2010, the NEB signed an equivalency agreement with the BC 

Environmental Assessment Office.  The Environmental Assessment Equivalency 

Agreement states that an assessment of a project conducted by the NEB constitutes an 

equivalent assessment pursuant to sections 27 and 28 of the British Columbia 

Environmental Assessment Act (NEB and BCEAO 2010).  Projects for which the 

Environmental Assessment Equivalency Agreement apply include projects under BC’s 

Reviewable Projects Regulation such as transmission pipelines, offshore oil or gas 

facilities, electric transmission lines, natural gas processing plants, or energy storage 

facilities (NEB and BCEAO 2010).  The BC Environmental Assessment Office identifies 

the NGP as one of the projects subject to the equivalency agreement signed with the 

NEB (BCEAO 2010).  Although projects subject to this agreement do not require 

assessment under the British Columbia Environmental Assessment Act and may 

proceed without a certificate issued pursuant to the British Columbia Environmental 

Assessment Act, projects still require all applicable permits and authorizations from the 

BC provincial government (NEB and BCEAO 2010).  Furthermore, either the BC 
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Environmental Assessment Office or the NEB may terminate the Environmental 

Assessment Equivalency Agreement upon providing 30 days written notice (NEB and 

BCEAO 2010).  However, termination of the agreement “…will not affect the acceptance 

of equivalency for any Project that has received a decision on whether or not to approve 

the Project pursuant to the National Energy Board Act prior to the date of termination” 

(NEB and BCEAO 2010, p. 3). 

2.3. Joint Review Process for the Northern Gateway Project 

The NGP underwent the JRP since it triggered a federal review from the CEA 

Agency and NEB.  ENGP submitted a Preliminary Information Package to the NEB and 

CEA Agency on November 1, 2005 to provide an overview of the NGP and initiate the 

federal EA process (NEB 2005).  On September 29, 2006, the CEA Agency announced 

that the NGP would undergo an EA panel review that must satisfy requirements under 

the NEBA and CEAA 1992 (CEA Agency 2006).  The EA for the NGP began under the 

CEAA 1992, although section 126 of the CEAA 2012 requires the EA process to 

continue under the new CEAA 2012 that came into force on July 6, 2012. 

In August 2009 the CEA Agency issued Scope of the Factors, a guidance 

document for the assessment of environmental effects for the NGP (CEA Agency 

2009b).  In December 2009, after a period for public comment, the CEA Agency and 

NEB released the JRP Agreement that contains ToR for the NGP and procedures for 

conducting the JRP (CEA Agency 2009a).  On January 20, 2010 the Minister of 

Environment and Chief Executive Officer of the NEB appointed members to the JR 

Panel for the NGP (CEA Agency 2010b).  ENGP filed its project application on May 27, 

2010 and the JR Panel reviewed the application to determine whether it contained 

sufficient information to begin the JRP (CEA Agency 2010a).  The JR Panel determined 

that ENGP must provide additional information related to the design and risk 

assessment of the project (CEA Agency 2011).  After the proponent provided the JR 

Panel with additional information, the JR Panel determined that the application was 

sufficient to move to the public hearing phase of the JRP and in May 2011 the JR Panel 

issued the Hearing Order that identifies participation methods and key steps in the 

review process (MPMO 2012).  From June to July 2011, the JRP Secretariat conducted 
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information sessions in many locations in BC and AB providing information about the 

JRP for the NGP and how interested parties can participate in the process (ENGP JRP 

2011b).   

Following the Hearing Order, interveners and government participants registered 

to participate in the JRP for the NGP.  The registration deadline was July 14, 2011 

(ENGP JRP 2011b) and 215 interveners and 13 government participants registered to 

participate in the NGP JRP (ENGP JRP 2011c).  Registered interveners and 

government participants asked the proponent questions about their application in the 

form of written information requests, the first round of which were due August 25, 2011 

with a response required from ENGP by October 6, 2011 (ENGP JRP 2011b).  A second 

round of information requests closed on November 3, 2011 and had a response date of 

November 24, 2011 (ENGP JRP 2011b).  Interveners and government participants 

submitted their own evidence for the JR Panel to consider by January 4, 2012 (ENGP 

JRP 2011a).  Evidence submitted by interveners and government participants was 

subject to information requests from ENGP, as well as other interveners, and 

government participants.   

Community hearings to permit registered interveners to provide the JR Panel 

with oral evidence began in Kitimat, BC on January 10, 2012 and concluded in Prince 

Rupert, BC in April 2012 (ENGP JRP 2013d).  Over 380 witnesses provided oral 

evidence representing 64 interveners during the community hearings (ENGP JRP 

2012a).  Community hearings also permitted oral statements no longer than 10 minutes 

from registered participants that wish to share their knowledge, views, or concerns about 

the NGP (ENGP JRP 2011b).  For the NGP, community hearings for oral statements 

began in Grande Prairie, AB in March 2012 and concluded in February 2013 in 

Vancouver, BC (ENGP JRP 2013d).  Over 4,300 people registered to make an oral 

statement and the JR Panel heard oral statements from 1,200 registered participants in 

19 locations across BC and AB (ENGP JRP 2013c).  Of the nearly 1,200 participants 

that made an oral statement in front of the JR Panel, less than one percent voiced 

support for the project (Figure 9.2). 

The second set of NGP hearings (i.e. final hearings) proceeded in two parts as 

oral questioning of the evidence and final argument (ENGP JRP 2011b).  Oral 
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questioning of the evidence that permits the JR Panel and parties to test the evidence 

submitted during the NGP JRP concentrated on specific concerns about the project at 

various locations.  September 2012 hearings in Edmonton, AB focused on the economic 

need for the project, potential impacts on commercial interests, and matters related to 

financing and tolling (CEA Agency 2012d).  Hearings in Prince George, BC from October 

to November 2012 were limited to issues concerning environmental and socio-economic 

effects, impacts to landowners, routing, design, and construction of the pipelines and 

terminal, and pipeline accident prevention and emergency preparedness (CEA Agency 

2012b).  Finally, hearings in Prince Rupert, BC from December 2012 to May 2013 

focused on impacts to Aboriginal rights, environmental and socio-economic impacts from 

tanker and terminal operations, accident prevention and response for marine operations, 

and engagement and consultation (CEA Agency 2012c).   

The final argument portion of the hearings provides an opportunity for parties to 

summarize their evidence in a written statement that may be followed up with oral 

responses (ENGP JRP 2012b).  Northern Gateway, interveners, and government 

participants submitted final arguments on May 31, 2013 and final hearings for oral 

argument began on June 17, 2013 in Terrace, BC (ENGP JRP 2012b).  After final 

argument, the JR Panel closed the record to focus on writing its report containing the 

conclusions and recommendations for the NGP (ENGP JRP 2013c).  The JR Panel 

released its report on December 19, 2013 and recommended approval of the NGP with 

209 conditions.  Under the NEBA and CEAA 2012, the report prepared by the JR Panel 

must be submitted to the federal cabinet, which makes the final decision on the project.  

On June 17, 2014 the federal government approved the project with the 209 conditions 

recommended by the JR Panel (NRCan 2014). 
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Table 2.1. Key Dates in NGP Review Process 

Date Description 
November 1, 2005 ENGP submits a Preliminary Information Package to the NEB and CEA Agency 

September 29, 2006 Minister of the Environment refers NGP to an independent panel review conducted by 
the NEB and CEA Agency 

August 2009 CEA Agency issues Scope of the Factors for the NGP 

December 4, 2009 CEA Agency and NEB issue the JRP Agreement including ToR 

January 20, 2010 Minister of Environment and NEB appoint members of the JR Panel 

May 27, 2010 ENGP files NGP regulatory application  

January 19, 2011 JR Panel determines additional information requirements on the design and the risk 
assessment of the project 

May 5, 2011 JR Panel issues Hearing Order outlining how individuals can participate in the JRP 

June 6 - 23, 2011 JRP Secretariat holds information sessions in various locations 

July 14, 2011 Registration deadline for interveners and government participants 

January 4, 2012 Deadline for interveners and government participants to submit evidence to the JRP 

January 10 - April 17, 2012 JR Panel holds community hearings at various locations and hears oral evidence 

March 26, 2012 - February 
1, 2013 JR Panel holds community hearings in various locations and hears oral statements  

July 6, 2012 CEAA 2012 comes into force 

September 4, 2012 - May 1, 
2013 

JR Panel holds final hearings at various locations to test evidence submitted by 
proponent and interveners 

May 31, 2013 Deadline for proponent, interveners, and government participants to submit written final 
argument 

June 17 - 24, 2013 JR Panel holds oral hearings for final argument  

December 19, 2013 JR Panel submits report to the Governor in Council recommending project approval with 
209 conditions 

June 17, 2014 Federal government approves the NGP with 209 conditions 

Source: CEA Agency (2013); ENGP JRP (2013b); ENGP JRP (2013d); NRCan (2014). 

2.4. Transport Canada TERMPOL Review Process 

Project proponents may choose to undergo a separate voluntary review of 

marine transportation activities by Transport Canada if their proposed project contains 

marine shipping activities.  Transport Canada has authority over transportation policies 

and programs related to the safety, security, efficiency, and environmental responsibility 

of air, marine, road, and rail transportation (TC 2011).  Transport Canada’s Marine 
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Safety program develops and enforces a safety and environmental protection program 

for domestic and foreign marine industries (TC 2009).   

TERMPOL is a voluntary review process managed by Transport Canada Marine 

Safety that refers to the Technical Review Process of Marine Terminal Systems and 

Transhipment Sites (TC 2001).  The purpose of the TERMPOL Review Process (TRP) is 

to address ship safety, route safety, and marine terminal siting, construction, and 

operation that could harm the environment in waters under Canadian jurisdiction (TC 

2001).  The TRP focuses on the route that a ship would navigate in Canadian waters to 

berth at a marine terminal and any cargo handling between vessels or off-loading 

processes between the ship and the shore (TC 2001).  Specifically, the TRP applies to 

the following: 

•   Specialized equipment and procedures required for proposed bulk oil, 
chemical, liquefied gas terminal, and other types of cargo identified by 
Transport Canada Marine Safety; 

•   Proposed transhipment facilities required for the aforementioned substances; 
and  

•   Proposed changes to existing terminals, transhipment sites, or facilities 
required for the aforementioned substances (TC 2001, p. 1-1). 

The TERMPOL review requires the proponent to address safety issues and 

identify mitigation measures that reduce potential risks.  The success of the TRP largely 

depends on the quality of data and information submitted by the proponent and the 

proponent’s adherence to TRP procedures (TC 2001).  The TRP must consider a range 

of concerns related to shipping activities and environmental and safety issues in the 

evaluation of a proposal submitted by a proponent.  Consideration must be given to the 

following: 

•   Potential effects of increased shipping activity on existing shipping operations 
and fishing activities; 

•   Perceived environmental concerns from pollutants carried by vessels; 

•   Perceived risks to communities located on route to the terminal or 
transhipment site that may present public safety or health concerns; 

•   Navigational safety of the ship route; 

•   Services necessary for safe navigation such as fixed and floating aids, vessel 
traffic services, and pilotage requirements, among others; 
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•   Ship characteristics such as the suitability of the ship’s design, manoeuvring 
characteristics, navigational equipment, and cargo containment and handling 
systems; 

•   Characteristics of the berth and terminal services required for the ship; and 

•   Pollution prevention programs, marine contingency planning, and emergency 
counter-measures (TC 2001, p. 1-2). 

A committee comprised of representatives from numerous government 

departments conducts the TERMPOL review.  The TERMPOL Review Committee (TRC) 

includes representatives from the Canadian Coast Guard, Department of Fisheries and 

Oceans, Oceans Canada Marine Program Management, and Transport Canada Marine 

Safety (TC 2001).  Depending on the nature of the project under review, the committee 

may also include representatives from Environment Canada, Natural Resources 

Canada, and other federal or provincial departments (TC 2001).  The TRC determines 

the scope of the review, receives and reviews the proponent’s submission, identifies 

information gaps and requests additional information if necessary, and prepares a report 

containing conclusions and recommendations of its review (Table 2.2). 

Table 2.2. TERMPOL Review Process Stages and Activities 

Process Stage   Activity 
TRC formation Initial review of proposed project outline 

Discuss survey and study requirements 
Identify departmental resources available 

TRC meets with proponent Agree on the scope and depth of surveys and studies required 
Inform proponent of departmental resources available 
Agree on the format of the proponent’s submission 
Establish administrative lines of communication 
Agree on a schedule of progress meetings 

TRC Chairperson receives 
submission from proponent 

Distribute proponent’s submission to the TRC 

TRC begins review process Identify additional information needs 
Meet with proponent 
May seek expert advice on information in proponent’s submission  

TRC submits report to 
Director General of TCMS 

Director General approves report with authorities from other departments 
Director General forwards report to proponent 

Source: TC (2001).  Note: TCMS represents Transport Canada Marine Safety.  
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The TRP is not a regulatory instrument and its provisions are not mandatory (TC 

2001).  Instead, results of the TRP provide the Department of Fisheries and Oceans and 

Transport Canada Marine Safety with information that identifies potential problem areas 

and recommends appropriate mitigation measures within a marine terminal system or 

transhipment site (TC 2001).  Conclusions and recommendations produced from the 

TRP do not release the proponent from legislative and regulatory obligations related to 

safety and environmental concerns of the project (TC 2001).  Proponents must meet 

applicable regulatory requirements of any legislation that applies to their project proposal 

including: the Canadian Shipping Act; Navigable Waters Act; Arctic Waters Protection 

Act; CEAA (Although the TRP may help to fulfill the first stage of the federal EA 

process); Canadian Environmental Protection Act; Transportation of Dangerous Goods 

Act; Fisheries Act; Oceans Act; and Canada Marine Act (TC 2001).  Furthermore, 

regulatory roles of the Department of Fisheries and Oceans, Canadian Coast Guard, 

and Transport Canada’s Marine Safety program are separate from the TRP since the 

TRP is largely a data and operational review process (TC 2001).     

Enbridge Northern Gateway informed Transport Canada of its intention to 

complete a TRP for the NGP in March 2009 and the majority of TERMPOL surveys, 

studies, and reports were submitted to the TRC in January 2010 (ENGP 2010).  The five 

federal government authorities involved in the TRP included Transport Canada, 

Department of Fisheries and Oceans, Environment Canada, Canadian Coast Guard, 

and the Pacific Pilotage Authority of Canada (TC 2012).  Based on studies submitted to 

the TERMPOL review by ENGP, the TRC determined no regulatory concerns for the 

vessels, vessel operations, proposed routes navigated by vessels, navigability, other 

waterway users, and operations associated with vessels using the marine terminal (TC 

2012).  The TRC concluded that existing international and Canadian marine laws and 

regulations, coupled with safety measures proposed by the proponent, would promote 

safe shipping operations for the NGP (TC 2012).  However, the TRC identified 15 

recommendations to enhance safety and reduce risks from the marine transportation 

components of the NGP based on the expectation that the proponent will fully implement 

commitments outlined in the information submitted to the TRC (TC 2012).  

Recommendations relate to identifying enhancements to marine navigation services, 

working with stakeholders to develop environmental limits for weather and sea 



 

32 

conditions during oil tanker navigation, and providing operations manuals and other 

documents to stakeholders including oil tanker operators, government agencies, and 

escort tug operators, among others (TC 2012).  Findings and recommendations of the 

TERMPOL review process are non-binding and the proponent is not required to adopt or 

implement any of them (TC 2012).   

2.5. Regulatory Guidance Documents for Proponents 
Preparing an Application 

Since the focus of my research is on analytical methods used to prepare the 

application reviewed by the JR Panel, and not the review process itself, I summarize 

guidance documents made available to a project proponent preparing their section 52 

regulatory application.  The NEB, CEA Agency, and Transport Canada offer guidance 

documents to assist proponents with the preparation of their regulatory applications.  

Generally, guidance documents are designed to advise a project proponent of the 

information that the JR Panel requires to determine whether or not to recommend 

approval of the project.  Federal regulators also issue specific guidance documents for 

individual project review processes such as the NGP.  To focus this section I include 

only information related to the NEBA and CEAA 2012 decision criteria.  

2.5.1. National Energy Board  

The NEB offers its Filing Manual to assist applicants on the types of information 

the NEB requires to make a decision under section 52 of the NEBA (NEB 2013a).  As 

summarized in section 2.2.1.1 above, the proponent must demonstrate the following in 

its regulatory application: (1) the availability of oil, gas, or any other commodity to the 

pipeline; (2) the existence of markets, actual or potential; (3) the economic feasibility of 

the pipeline; (4) financial responsibility; and (5) public interest affected by the project 

(NEBA R.S.C. 1985, c. N-7, s. 52).  To assist in the preparation of applications, the NEB 

Filing Manual broadly discusses the identification and analysis of effects, and outlines 

information requirements for various components of the application.  These include 

consultation activities of the applicant, engineering design of the project, environmental 

and socio-economic assessment of the project, and economic and financial information 
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(NEB 2013a).  According to the NEB, regulatory filings submitted by applicants should 

enable decision-makers to: 

•   evaluate the overall public good that the request can create as well as its 
potential negative aspects; 

•   weigh the various impacts; and 

•   make an informed decision that balances, among other things, the economic, 
environmental and social interests at that point in time (NEB 2013a, p. 1-1).   

The NEB Filing Manual provides guidance to project proponents on the type of 

information required to demonstrate the economic viability of a project under the NEBA.  

At a broad level, a proponent must demonstrate that the project is required (NEB 

2013a).  Indeed, the NEB states: 

The overall purpose for filing information on facility economics is to 
demonstrate that the applied-for facilities will be used, will be useful, and 
that demand charges will be paid and that sufficient funds will be 
available for abandonment requirements (NEB 2013a, p. 4A-62). 

The Filing Manual outlines more specific requirements that a proponent must 

satisfy in its section 52 application corresponding to the first four legislative criteria in the 

NEBA (i.e. supply, existence of markets, economic feasibility, and financial 

responsibility).  First, proponents must provide evidence in the application that there is, 

or will be, adequate supply (i.e. crude oil in the case of crude oil pipelines) to support the 

use of the pipeline over the economic life of the project (NEB 2013a, p. 4A-62-4A-63).  

Information requirements from the NEB include a description of the commodity, 

discussion of potential supply sources, forecast of current and future production over the 

life of the facilities, as well as the methodology underlying supply estimates, and 

discussion of contractual arrangements.  To demonstrate that there is commercial 

interest in the project, an applicant must provide evidence of transportation agreements 

(NEB 2013a, p. 4A-63-4A-64).  The NEB requires proponents to: 

Describe the contracted volume and term by shipper. When possible, 
submit evidence of the transportation agreements, such as signed 
execution sheets and copies of the contracts. Contractual evidence must 
be of sufficient detail to assure the Board that the facilities will be used at 
a reasonable level and that demand charges will be paid (NEB 2013a, p. 
4A-65). 
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Proponents must also demonstrate that there are adequate markets (i.e. demand 

for crude oil) for the incremental volume of oil transported on the pipeline.  Proponents 

must provide analysis of the consuming market and a discussion of upstream or 

downstream facilities to accept the additional volumes (NEB 2013a, p. 4A-65).  To 

satisfy these requirements, proponents must describe the market that would receive the 

commodity, including the refinery where it could be delivered, potential competition from 

other pipelines, energy sources, and transportation systems (NEB 2013a, p. 4A-66).  

The NEB notes that market information can be more general in nature when the 

proponent has signed long-term transportation agreements (NEB 2013a, p. 4A-65), 

which suggests that more detailed information on potential markets may be required in 

the absence of shipping contracts.  Projects with the potential for larger environmental 

impacts or impacts to third parties may require additional information to demonstrate that 

the project is in the public interest (NEB 2013a, p. 4A-66).     

The economic feasibility of the project relates, in part, to financing the proposed 

project (NEB 2013a, p. 4-3).  The proponent must demonstrate its ability to finance the 

proposed facilities including the methods and sources of financing, any financial risk 

associated with financing the facilities and details related to pipeline tolls (NEB 2013a, p. 

4A-68).  Proponents submitting an application for projects characterized by greater 

complexity and scope should provide additional information to the NEB related to the 

number of shippers on the proposed pipeline system and any third party effects of the 

proposed facilities (NEB 2013a, p. 4A-69).  Further, the NEB requires a proponent to 

submit transportation contracts associated with the proposed facilities as they pertain to 

pipeline tolls (NEB 2013a, p. 4A-69). 

With regards to the public interest of the proposed project, the NEB Filing Manual 

offers only general guidance for proponents on how to demonstrate that their project 

meets the public interest criterion established in the NEBA.  According to the NEB, the 

agency “has a broad mandate under the NEB Act and it may consider any matter that it 

finds relevant to its public interest determination” (NEB 2013a, p. 4A-18).  The NEB 

Filing Manual references the public interest throughout the document without providing a 

definition of the term and offers no specific methodological guidance to proponents on 

how to satisfy the NEB’s requirement that their project is in the public interest.  For 

example, in the section outlining information requirements to demonstrate adequate 
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supply, the NEB states that an adequate level of supply suggests “…that the applied-for 

facilities could be expected to be used at a reasonable level over their economic life and 

would be in the public interest.” (NEB 2013a, p. 4A-62).  The NEB further states that the 

level of detail it requires varies with the level of public interest in the project (NEB 2013a, 

p. 4A-17) and that projects with larger potential environmental impacts and impacts to 

third parties may require more information demonstrating the public interest (NEB 

2013a, p. 4A-66). 

2.5.2. Canadian Environmental Assessment Agency 

The principal reference document providing guidance to decision-makers and 

proponents on the likelihood of significant adverse environmental effects is from the CEA 

Agency’s predecessor the Federal Environmental Assessment Office (FEARO), which 

released a 1994 study entitled Determining Whether a Project is Likely to Cause 

Significant Adverse Environmental Effects.  Although the reference guide was prepared 

in 1994 for the CEAA 1992, its contents are referenced in the 2013 NEB Filing Manual 

related to the discussion of assessing the significance of a project’s adverse effects 

(NEB 2013a, p. 4A-38).  The CEA Agency has issued other guides to aspects of the 

CEAA such as cumulative effects assessment and considering Aboriginal traditional 

knowledge in EA (CEA Agency 2014), although it has yet to release an updated guide 

on how to assess the likelihood of significant adverse environmental effects under the 

CEAA 2012. 

FEARO (1994) identifies a three-step framework for assessing whether potential 

project impacts are adverse, significant, and likely.  First, the guide identifies factors that 

can be used to determine whether environmental effects are adverse.  Potential factors 

include, negative effects on plants, animals, and fish, threats to rare or endangered 

species, habitat loss or fragmentation, and discharges of persistent or toxic chemicals, 

among others (FEARO 1994, p. 189).  The FEARO recommends comparing predicted 

environmental effects to baseline conditions to determine whether the effect is adverse, 

although the document offers little guidance on the appropriate techniques to make this 

comparison.  Second, the guidelines describe criteria that should be considered when 

deciding whether or not adverse environmental effects are significant.  These criteria 

include: 
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•   Magnitude: Adverse environmental effects are considered significant when 
the magnitude or severity of effects are major or catastrophic; 

•   Geographic Extent: Adverse impacts may be considered significant if the 
geographical distribution is widespread; 

•   Duration and Frequency: Adverse environmental effects may be considered 
significant if the impacts are long-term and/or frequent; 

•   Irreversibility: Adverse environmental effects may be considered significant if 
they are irreversible; and 

•   Ecological Context: Adverse environmental effects may be considered 
significant if they occur in an area that is ecologically fragile. 

Third, FEARO (1994) provides guidance for determining the likelihood of 

significant adverse environmental effects.  The FEARO guide advocates the use of 

quantitative risk assessment (QRA) that estimates the probability of occurrence to 

determine the likelihood of a significant adverse environmental effect.  The guide also 

advocates the use of confidence limits in the analysis estimating likelihood since 

confidence limits communicate the level of uncertainty associated with likelihood 

estimates.  Indeed, the FEARO submits that the likelihood of significant adverse 

environmental effects is difficult to determine if confidence limits are low since there is a 

high degree of uncertainty (FEARO 1994, p. 193).   

In addition to providing a framework for determining the likelihood of significant 

adverse environmental effects, the FEARO guide references the importance of 

estimating impacts over the life of the project and determining risk acceptability.  In the 

discussion of the duration and frequency of significant adverse environmental effects, 

the FEARO suggests the importance of estimating the likelihood of future effects that is 

consistent with evaluating impacts over the life of the project.  Indeed, the FEARO 

states: 

Long term and/or frequent adverse environmental effects may be 
significant. Future adverse environmental effects should also be taken 
into account. For example, many human cancers associated with 
exposure to ionizing radiation have long latency periods of up to 30 years. 
Obviously, when considering future adverse environmental effects, the 
question of their likelihood becomes very important (FEARO 1994, p. 
190). 
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The FEARO reference guide also identifies the importance of determining risk 

acceptability and comparing risks of different projects.  QRAs typically contain an 

assumed acceptable level of risk based on a predetermined dose-response relationship.  

However, FEARO (1994, p. 192) cautions that the acceptable level of risk may be zero 

in some cases and thus it is critical to determine who defines risk and how they define it.  

The FEARO also highlights the importance of comparing the significance of adverse 

environmental effects among different alternative means of carrying out a project and 

recommends the use of quantitative methods that weight or rank individual adverse 

effects of different alternatives to assist in the decision-making process.  

2.5.3. Transport Canada (TERMPOL) 

Transport Canada provides support documentation to proponents participating in 

the voluntary TRP.  The guidance document entitled TERMPOL Review Process 

discusses a range of surveys, studies, and technical data that Transport Canada 

requests from a proponent to assess the proposed project including a marine traffic 

survey, route analysis, casualty data survey, ship specifications, general risk analysis, 

and intended methods of reducing risks.  According to Transport Canada, a proponent’s 

submission to the TERMPOL review committee should demonstrate that: 

•   the operator’s or owner’s safety management system is in accordance with 
recognized safe management procedures; 

•   arrangements are planned to conduct on-going operational audits of the 
safety and management system; 

•   major accident hazards in the context of the proposed operation have been 
identified; and 

•   the risks have been evaluated and measures taken to reduce those risks to 
an acceptable level using the best available technology (TC 2001, p. 1-1). 

The TERMPOL guidelines offer general recommendations on how to prepare 

components of the TERMPOL study with regards to the likelihood of an accident 

associated with a proposed project.  For the casualty data survey, Transport Canada 

recommends that proponents calculate the probability of occurrence using statistical 

casualty data based on: 
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the mathematical probability of casualties in the future taking into account 
the additional traffic within the regional zone of the proposed marine 
terminal or transshipment site (TC 2001, p. 3-7). 

Transport Canada identifies various data sets to complete the probability 

analysis.  Sources of casualty data recommended in the TERMPOL guidelines include 

Classification Societies, Protection and Indemnity Clubs and underwriters2, data from the 

Transportation Safety Board, US Coast Guard casualty records, International Maritime 

Organization data, Canadian Coast Guard records, and consultant reports (TC 2001, p. 

3-7).  Rather than endorse one data source over others, Transport Canada encourages 

proponents to use their own judgment when selecting data sources and deciding how 

best to apply the data to their project (TC 2001, p. 3-1).  

Section 3.15 of the TERMPOL guidelines discusses a proponent’s general risk 

analysis for uncontrolled spills of hazardous cargoes.  Typical spill scenarios include two 

ships colliding, a ship grounding or striking an object, improper transfer of cargo, or a fire 

or explosion.  Proponents should predict worst-case but credible spill scenarios (TC 

2001, p. 3-14), although the TERMPOL guidance document does not define the terms 

‘worst-case’ or ‘credible’.  According to Transport Canada, a proponent’s risk 

assessment should include the following analysis: 

•   the probabilities of credible incidents which result in the breaching of the 
ships cargo containment system; 

•   the risks associated with navigational and operational procedures; 

•   the probabilities of a major cargo transfer incident at the terminal dock; 

•   the geographical boundaries and the resulting consequences of an 
uncontrolled release of cargo on the marine environment and, when 
applicable, in the close vicinity of adjacent coastal communities; and 

•   the risk of an incident becoming “uncontrollable” (TC 2001, p. 3-14)3. 

 
2  Protection and Indemnity insurance covers shipowners, operators, and charters for third-party 

liabilities such as collisions, cargo loss, pollution, and loss of life, among other risks. 
3  Transport Canada does not define the term “uncontrollable” in TC (2001). 
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Further, the TERMPOL guidelines recommend that a proponent identify how 

perceived risks in the marine shipping system will be mitigated.  Mitigation measures 

identified by Transport Canada include the use of escort tugs, navigational systems, 

secondary shipping routes with lower traffic volumes, vessel traffic services such as 

speed regulations, and competent crews aboard tankers, among others.  The guidance 

document does not provide any specific recommendations on how to incorporate 

mitigation measures into the general risk analysis.  

2.5.4. Northern Gateway Project Joint Review Process 

Federal regulators prepare and submit guidance documents to project 

proponents at the beginning of individual project regulatory review processes.  The NEB 

and CEA Agency issued guidance documents to ENGP before it prepared the project 

application that it submitted to the JRP.  These documents include the ToR and the 

Scope of the Factors.  According to the NEB and MOE Agreement (2009), the JR Panel 

will consider information requirements in both of these documents during the review of 

the project.  

The CEA Agency and NEB released the ToR for the NGP in 2009 and issued an 

amended version in 2012 to reflect passage of CEAA 2012.  The ToR provides general 

information on the scope of the review, factors to be considered during the review, and 

main steps in the JRP (NEB and MoE 2012).  An important consideration identified in the 

scope of the review is the boundary for the component of the project related to marine 

transportation of oil and condensate.  The ToR defines the scope of marine shipping as 

“the proposed shipping routes to be used for the project that are within the 12 nautical 

mile limit of the Territorial Sea of Canada.” (NEB and MoE 2012, p. 11).  Section 5 of 

CEAA 2012 defines environmental effects to be considered relative to a physical activity 

or proposed project to include changes that occur outside Canada.  The ToR provides 

no rationale for excluding the open water area outside the Territorial Sea of Canada 

where a tanker spill may occur.  

The CEA Agency issued the Scope of the Factors that provides additional 

guidance to the proponent on how to assess environmental effects of the NGP (CEA 

Agency 2009b).  According to the CEA Agency, the Scope of the Factors was issued by 
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the CEA Agency because the NEB Filing Manual does not specifically address marine 

components of the project, which include marine transportation of oil and condensate, 

marine berths for loading and unloading, tank terminal near the marine terminal, and any 

ancillary activities (CEA Agency 2009b).  The CEA Agency states that even though the 

document provides additional guidance to assess impacts of the marine components of 

the project, the guidance document is applicable to all components of the project unless 

otherwise noted (CEA Agency 2009b).  The Scope of the Factors document covers a 

range of topics including overarching principles to consider in the application, project 

alternatives, study area boundaries, baseline information, impact assessment, and 

follow-up and monitoring (CEA Agency 2009b).   

The Scope of the Factors guidance document makes recommendations or states 

requirements related to the type of information that must be included in ENGP’s 

regulatory application.  At a broad level, ENGP is required to follow three principles for 

every part of the project, namely: (1) incorporate community knowledge and Aboriginal 

traditional knowledge; (2) promote sustainable development that balances environmental 

integrity, social equity, and economic efficiency; and (3) apply the precautionary 

approach4 to avoid significant adverse environmental effects (CEA Agency 2009b).  The 

document also provides direction on the type of impacts that must be evaluated in the 

impact assessment including the physical, marine, and human environments, as well as 

Aboriginal rights and interests.  

The Scope of the Factors identifies specific recommendations or requirements 

that should be included in certain parts of the application, particularly in relation to 

evaluating spill likelihood, disclosing uncertainty, and choosing project alternatives.  The 

guidance document requires ENGP to assess both components of spill risk, i.e. the 

likelihood and magnitude of project-related accidents.  With regards to the magnitude of 

 
4  The CEA Agency references the definition of precautionary approach from the 1992 Rio 

Declaration on Environment and Development that states “where there are threats of serious 
or irreversible damage, lack of full scientific certainty shall not be used as a reason for 
postponing cost-effective measures to prevent environmental degradation“ (CEA Agency 
2009b, p. 2). 
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impacts, ENGP must evaluate potential environmental, social, economic, and cultural 

impacts from a spill (CEA Agency 2009b, p. 13).  For the assessment of spill likelihood, 

the Scope of Factors requires ENGP to estimate the potential for minor and major spills 

with: 

Probability analysis of the likelihood of an accidental condensate or oil 
release, using world-wide statistics for tankers of the size and 
configuration proposed for condensate and oil shipment to and from the 
Project (CEA Agency 2009b, p. 13). 

The Scope of the Factors guidance document encourages ENGP to include and 

describe sources of uncertainty associated with their methodological approach.  Indeed 

the CEA Agency states: 

If the baseline data have been extrapolated or otherwise manipulated to 
depict environmental conditions in the study areas, modelling methods 
and equations should be described, and should include calculations of 
margins of error and other relevant statistical information, such as 
confidence intervals and possible sources of error (CEA Agency 2009b, 
p. 7).  

The Scope of the Factors also requires ENGP to identify, describe, and analyze 

different approaches to carrying out terrestrial and marine components of the project.  

An evaluation of alternatives should include, among other things, potential marine 

terminal sites and different shipping routes.  To carry out the evaluation, ENGP must 

determine criteria for selecting the preferred alternative, identify environmental effects 

and the economic feasibility of alternatives, and describe its rationale for rejecting 

alternatives (CEA Agency 2009b, p. 3).  Note that the alternatives to be considered 

include only alternative ways of meeting the project’s need and purpose. 

2.6. Historical Project Approval Decisions 

Previous NEB decisions provide insight on how the NEB uses its mandate under 

the NEBA to determine the public interest of projects.  The NEBA gives the NEB broad 

and flexible powers and the NEB must interpret and implement the NEBA consistent with 

the Canadian public interest (NEB 2009, p. 78).  Canadian courts have held that the 
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determination of the public interest is not a factual question, but is the formulation of an 

opinion by the NEB and the NEB only (Committee for Justice & Liberty Foundation v. 

Interprovincial Pipe Line (NW) Limited, 1981).  Factors that the NEB considers when 

determining whether a project is in the public interest depend on the application, location 

of the project, type of commodity, segments of the public affected, and current societal 

values (NEB 2007a, p. 32).  The NEB acknowledges that the public interest must also 

transcend current economic and energy policy set by governments and must balance 

competing political, economic, and social interests (NEB 2007a, p. 56).  Given the 

ambiguous definition of the public interest, it is helpful to discuss the basis for previous 

decisions made by the NEB on pipeline projects in Canada. 

Previous decisions made by the NEB suggest that a recurrent theme for 

determining the public interest is whether the benefits of a project outweigh the costs 

(NEB 2007a; 2007c; 2007b; 2009; 2011e).  For example, in its Reasons for Decision for 

the Keystone XL, the NEB recognizes that there may be excess pipeline capacity that 

could result in higher toll costs that could negatively impact Canadian oil producers5, but 

the NEB states that benefits provided to western Canadian oil producers from broader 

market access, more customer choice, and efficiencies gained from competition among 

pipelines outweigh the costs (NEB 2009, p. 79).  The NEB states that the Keystone XL 

would also enable Canadian oil producers to realize netbacks that reflect full market 

value, which would increase revenues for governments and social and economic 

investments (NEB 2009, p. 79).  According to the NEB (2009, p. 80), these social and 

economic investments benefit all Canadians and contribute to the public interest of the 

Keystone XL. 

 
5  Surplus capacity exists when the supply of pipeline capacity exceeds the demand for pipeline 

capacity by crude oil producers shipping their product to market.  Since pipeline companies 
are regulated utilities provided with a regulated return to cover costs and capital (NEB 
2013b), pipeline companies may, depending on the regulator’s decision, earn a market return 
on surplus capacity and shift the cost of the extra capacity onto shippers in the form of higher 
tolls. 
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The JR Panel has used the argument that project benefits outweigh costs in 

order to justify that significant adverse environmental effects are justified in the 

circumstances as required under the previous legislation, CEAA 1992.  In its report for 

the Mackenzie Gas Project, the JR Panel determined that significant adverse 

environmental effects to the Kendall Island Bird Sanctuary and woodland caribou are 

justified in the circumstances: 

If it were the case that the lack of full implementation of the Joint Review 
Panel Report means that we should accept that some significant adverse 
environmental effects are likely, we would find these effects to be justified 
in the circumstances. We reach this conclusion after looking at all the 
positive and negative effects this project might have and after concluding 
that the North is considerably better off with than without the project. 
These potentially significant adverse environmental effects include 
impacts on Kendall Island Bird Sanctuary and impacts on woodland 
caribou and other listed species without the early identification of critical 
habitat as part of species recovery strategies and action plans (MGP JRP 
2010, p. 76). 

Past regulatory approvals provide an understanding of other considerations that 

the NEB takes into account when making a public interest assessment.  With regards to 

the need for Keystone XL pipeline capacity, the NEB states that the existence of long-

term transportation agreements between Keystone XL and oil producers represents 

strong evidence that the project is needed (NEB 2009, p. 18).  The NEB also expresses 

this view for the original Keystone pipeline that the NEB determined was in the public 

interest.  The original Keystone pipeline obtained binding transportation contracts for 

78% of its capacity for an average term of 18 years (NEB 2007c, p. 12).  The NEB 

submits that the significant business risk incurred by shippers that sign long-term firm 

transportation contracts is an expression of confidence for a project (NEB 2007c, p. 57).   

Previous NEB decisions also provide insight on the scope of impacts that the 

NEB must consider in its mandate under the NEBA.  In its Reasons for Decision for 

Keystone XL, the NEB acknowledges concerns raised by interveners over the failure to 

assess environmental impacts of upstream oil sands production associated with the 

Keystone XL (NEB 2009).  When considering upstream or downstream impacts that may 

or may not be part of the project, the NEB attempts to find a direct connection between 

the facilities and the project under consideration (NEB 2009, p. 75).  Based on the 
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evidence in the Keystone XL application, the NEB (2009, p. 74) determined that the 

“…applicant is not applying to produce or supply the product it proposes to ship. Further, 

the upstream facilities are or will be regulated by other governments and operated by 

numerous corporate entities”.  The NEB concluded that in the case of the Keystone XL, 

the proponent was not required to consider upstream or downstream facilities under the 

CEAA 1992 or the NEBA (NEB 2009, p. 74).  The NEB determined a similar conclusion 

for the original Keystone pipeline, whereby it concluded that Keystone would be supplied 

by various upstream sources whose effects are not connected to the Keystone pipeline 

and thus upstream facilities are not relevant to the NEB’s decision under the NEBA 

(NEB 2007c, p. 58). 

Further, past NEB decisions provide an interpretation of meanings under the 

CEAA 1992.  For the GSX natural gas pipeline project, the NEB (2011b, p. 4A-24) 

determined that the proponent was not required to consider alternatives to a project that 

were not connected to the applied-for project.  The NEB interpreted the term 

“alternatives” under the CEAA 1992 as representative of feasible alternatives for 

transporting oil and gas if the project was not undertaken, such as transportation by 

tanker, rail, truck, or any other alternatives that would meet the objective of the applied-

for project.  The NEB did not consider alternative projects that do not meet the objective 

of the GSX pipeline and thus would not consider alternative ways to meet the energy 

needs of Canadians such as solar, wind, and tidal power under section 52 of the NEBA 

because these energy sources were not connected to the GSX pipeline. 

2.7. Discussion 

The regulatory framework for evaluating major pipeline projects in Canada 

consists of legislative criteria in the NEBA and CEAA 2012 and associated regulations, 

guidance documents provided by federal regulators and project documents issued 

specifically for individual projects.  From the regulatory framework summarized above, it 

is possible to draw some general conclusions about the existing decision-making 

framework for major pipeline projects.   
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First, there is no single methodological framework that decision-makers use to 

evaluate major pipeline projects.  Under the existing federal regulatory review process, 

project proponents submit a regulatory application that contains a separate evaluation of 

the likelihood of significant adverse environmental effects required under the CEAA 2012 

and a separate evaluation of the project need and public interest under the NEBA 

without integrating the results into a common evaluative framework.  Thus decision-

makers must evaluate large volumes of information generated during the regulatory 

review process without a comprehensive methodological framework that synthesizes the 

important information from various sources, directly compares costs and benefits of the 

project, and identifies trade-offs that must be made if the project is approved or rejected.  

The JR Panel report submitted to the Governor in Council at the conclusion of the 

regulatory review process does not necessarily address the absence of a 

comprehensive analytical framework with which to evaluate projects since the report 

typically merely summarizes information submitted by proponents and outlines the JR 

Panel’s recommendations.   

Second, the existing methodological approach evaluates projects on a case-by-

case basis instead of comparing the relative impacts of alternative projects.  This 

observation is consistent with findings from Van Hinte et al. (2007) and Wozniak (2007).  

Proponents prepare and submit a regulatory application for an individual project and the 

NEB evaluates each project in isolation without considering the relative impacts of 

different projects.  This approach prevents decision-makers from choosing the project, or 

sets of projects, that are best able to meet Canada’s interest.  The large number of 

proposed projects that are alternatives to each other (Table 1.1) underscores the 

importance of undertaking a comparative evaluation of pipeline projects proposed to 

meet the growing demand for oil in the US and Asia over the next decade.  In addition, 

the NEB does not consider alternative ways to meet the energy needs of Canadians 

such as solar, wind, and tidal power in its deliberations. 

Third, the definition of the public interest under section 52 of the NEBA is highly 

ambiguous.  The NEBA and NEB Filing Manual do not define the public interest.  The 

definition of the public interest provided by the NEB in its Guide for Landowners and the 

Public is broad and vague and allows for divergent interpretations of the definition by the 

NEB (see section 2.2.1.1).  Further, the NEB has the discretion to include any matter 
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that it finds relevant in its determination of the public interest (NEB 2013a, p. 4A-18), and 

the courts have taken the approach that the determination is based solely on the opinion 

of the NEB, which gives the NEB considerable flexibility in how it defines the public 

interest and applies the public interest test for particular projects.  As Van Hinte et al. 

(2007) and Wozniak (2007) observe, the NEB does not explicitly outline the decision-

making criteria for project approval and responsible authorities can make a decision 

regardless of the findings in the impact assessment.  Previous NEB decisions suggest 

that a project is in the public interest when benefits exceed costs (NEB 2007a; 2007c; 

2007b; 2009; 2011e).  However, the results of this calculus may depend on the scope of 

the project that is included in the assessment, and may change significantly if particular 

costs and benefits of a proposed project are either included or excluded from the 

evaluation and no methodological guidance is provided on how to compare costs and 

benefits and determine whether there is a net benefit.  Although an in-depth analysis of 

the public interest is outside the scope of this dissertation, a clearer definition of the 

public interest would help to ensure that the NEB uses its mandate under the NEBA 

consistently. 

Fourth, there is little methodological guidance provided from federal regulators on 

how to specifically address project approval criteria under the NEBA and CEAA 2012.  

The guidance documents prepared by federal regulators identify information 

requirements that proponents should provide in their application but fail to discuss or 

recommend specific analytical methods to derive the information such as multiple 
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accounts evaluation or CBA (Van Hinte et al. 2007)6.  While there are advantages to 

allowing the proponent to choose the methodological approach, such as the ability to 

use innovative methods and the flexibility to choose specific methods for a particular 

project review, there are significant drawbacks.  Different methods generate dissimilar 

information that may not provide decision-makers with the best available information to 

make a decision.  Given the vague information requirements outlined in the NEB Filing 

Manual and FEARO guidance document, numerous methods could be used to provide 

information to decision-makers, each with potentially divergent results and varying 

degrees of quality of the outputs.  There are also concerns related to the objectivity of 

the information submitted in the regulatory application by proponents (Van Hinte et al. 

2007; Wozniak 2007; Joseph 2013).  Project proponents have an incentive to minimize 

project impacts since they have a bias for project approval.  Another consideration is 

efficiency gains resulting from more specific methodological guidance to proponents.  

The original application filed by ENGP in May 2010 was determined to be insufficient 

and the JR Panel determined that ENGP had to provide additional information 

concerning the design and risk assessment of the project before the JR Panel could 

determine that the application was sufficient to move to the public hearing phase of the 

JRP.  Once the application was complete, ENGP alone received 3,680 information 

 
6  The NEB Filing Manual does broadly discuss the use of the valued component based 

approach to estimating environmental and socio-economic impacts, which according to the 
NEB, focuses on components of the biophysical or socio-economic environments that may be 
affected by the proposed project and that the public has identified as a concern (NEB 2013a).  
Proponents are required to identify valued ecosystem components and describe and quantify 
the predicted effects to these components from the proposed project.  The description and 
quantification of predicted effects must include spatial and temporal boundaries of the effect, 
changes from the baseline, factors influencing change, magnitude and reversibility of 
predicted changes, and “methods used for any modelling, including the assumptions used 
and limitations of the models” (NEB 2013a, p. 4A-30).  Once effects are analyzed, the 
proponent must describe mitigation measures that will address project effects after which it 
must evaluate the significance of remaining residual effects.  The NEB Filing Manual 
references the contents of the FEARO (1994) study describing criteria that should be 
considered when deciding whether or not a project is like to cause significant environmental 
effects, which I discuss in the previous section.  While the NEB identifies the valued 
component based approach, the NEB does not recommend specific techniques to analyze 
predicted effects despite the numerous analytical approaches that can be used to predict 
biophysical and socio-economic effects from a project. 
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requests from the JR Panel, interveners, and government participants (ENGP 2013b) 

seeking clarification on existing information or additional information that was not 

included in the regulatory application.  Interveners, governments, the JR Panel, and the 

proponent spent considerable time and expense preparing and answering information 

requests clarifying the methods used by the applicant or acquiring more data or 

information.  These situations could potentially be mitigated if federal regulators were 

provided with more specific methodological guidelines that clearly and comprehensively 

describe the type of information that must be included in the application.  Moreover 

specific methodological guidelines may increase the consistency of information in 

regulatory applications from project to project thereby increasing the likelihood that 

legislative decision-making criteria are applied more consistently to all projects.  

Increased consistency may also improve the efficiency of the process, which Van Hinte 

et al. (2007) and Doucet (2012) identify as one area for improvement in the pipeline 

review process. 

Fifth, the existing approach lacks sufficient transparency, which enables the JR 

Panel to recommend a decision to the Governor in Council without clearly demonstrating 

how it arrived at the decision.  Further, there are no clear criteria that government must 

use to evaluate recommendations made by the JR Panel in its report (Wozniak 2007).  

The broad mandate of the NEB provides tremendous discretionary power to the review 

panel and the federal government to consider any matters that are relevant to its 

recommendations (NEB 2013a, p. 4A-18).  Requiring the use of a comprehensive 

evaluative framework and providing more specific methodological guidance to 

proponents could improve the transparency of the JR Panel’s recommendation if the 

review panel was required to clearly justify its recommendation to the Governor in 

Council.  Increased transparency would also increase the accountability of the JR Panel 

to the federal cabinet and the public. 

In summary, there are several deficiencies in the existing regulatory framework 

for evaluating major pipeline projects.  These deficiencies include the absence of a 

comprehensive framework for evaluating project costs and benefits, project evaluation 

that proceeds on a case-by-case basis, ambiguous definition of the public interest, 

insufficient methodological guidance for proponents preparing applications, and a lack of 
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transparency and accountability to the public.  The consequences of these deficiencies 

are assessed in the case study evaluation of the NGP.   

2.8. Summary of the Regulatory Framework for Evaluating 
Major Pipeline Projects 

From the overview provided in this chapter it is possible to synthesize the criteria 

that decision-makers must consider in their evaluation of major pipeline projects.  I 

derive the evaluative criteria from NEBA and CEAA 2012 legislation, as well as the 

guidance documents provided to proponents describing the information required to 

satisfy decision-making criteria.  The evaluative framework consists of three main 

criteria, namely significant adverse effects, project need, and public interest (Table 2.3).  

The categories contain sub-criteria describing metrics with which to assess the degree to 

which a regulatory application submitted to the JRP for major pipeline projects satisfies 

legislative criteria.   

Table 2.3. Evaluative Criteria for Project Approval Under the JRP for Major 
Pipeline Projects 

Criterion Description of Information and Analysis Required for a Sound Decision 

Significant 
Effects 

An analysis of the likelihood of adverse environmental effects provides the best available 
information to enable a reasoned judgment whether adverse effects are significant 
Sufficient information facilitates a rational assessment whether significant adverse 
environmental effects are justified in the circumstances 

Project   
Need 

A supply and demand analysis for the pipeline provides the best available information to 
enable a sound decision of the need for pipeline capacity  

Public 
Interest 

All relevant economic, environmental, and social costs and benefits to Canadians are 
estimated using the best available information and analysis to facilitate a rational 
assessment of public interest impacts 
Information is presented in a manner that facilitates the identification of trade-offs among 
the various impacts to enable a reasoned judgment of whether there is a net benefit 

Source: Compiled from NEBA, FEARO (1994), CEAA 2012, NEB (2013a). 
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3. Overview of the Northern Gateway Project 
and Regulatory Application 

3.1. Introduction 

In this chapter I provide an overview of the NGP and the regulatory application 

submitted to the JR Panel.  I begin the chapter with a description of the key project 

components, namely the pipeline, marine terminal, and tankers.  I then identify the 

predicted effects of the NGP and the various methods of impact assessment used by 

ENGP in the application.  Finally, I summarize the structure of the NGP regulatory 

application submitted to the JRP. 

3.2. Key Project Components 

According to ENGP, the primary purpose of the NGP is to provide access for 

Canadian oil to large and growing international markets that comprise existing and future 

refiners in Asia and on the US West Coast (ENGP 2010, Vol. 1 p. 1-3).  The key 

components of the NGP include: (1) oil and condensate pipelines between AB and the 

BC Coast; (2) a marine terminal to transfer oil and condensate in and out of tankers; and 

(3) tanker traffic that imports condensate and exports oil to international refineries.  This 

section provides additional details for each of the three main project components. 

3.2.1. Pipelines 

The NGP would consist of two separate 1,172 km crude oil and condensate 

pipelines transporting hydrocarbons between Kitimat, BC and Bruderheim, AB (ENGP 

2010, Vol. 3).  The crude oil export pipeline would deliver diluted bitumen (dilbit) and 

synthetic oil from Bruderheim to Kitimat Terminal where it would be loaded onto tankers 

and shipped to market (Figure 3.1).  The condensate pipeline would import condensate 
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from tankers arriving at Kitimat Terminal and deliver it to Bruderheim for use in blending 

with crude oil (ENGP 2010, Vol. 2 p. 1-12).  

Construction and operation of the oil and condensate pipelines would consist of 

seven pump stations for the oil pipeline, nine pump stations for the condensate pipeline, 

and Bruderheim Station that would house an initiating oil pump station and condensate 

receiving facilities (ENGP 2010, Vol. 3).  The crude oil pipeline is designed for an initial 

average annual throughput of 525 kbpd with potential to expand to 850 kbpd with 

additional pumping capacity (ENGP 2011c).  The condensate pipeline is designed for an 

initial average annual throughput of 193 kbpd with potential to expand to 275 kbpd 

(ENGP 2011c).  The pipelines would traverse several different physiographic regions 

including plains, plateaus, and mountains and would cross 773 watercourses, 669 of 

which are fish-bearing (ENGP 2010, Vol. 3).  The traditional territories of approximately 

50 Aboriginal groups are along the proposed pipeline route (Hoekstra 2012). 

Figure 3.1.  Map of NGP Pipeline Route 

 
Source: ENGP JRP (2013e). 



 

52 

3.2.2. Marine Terminal 

Kitimat Terminal is a proposed 220-hectare marine terminal complex on Kitimat 

Arm that would consist of a tank terminal and a marine terminal.  The marine terminal 

would have two principal functions: (1) receive crude oil from the oil pipeline, transfer it 

to tanks at the marine terminal and load oil onto tankers; and (2) unload and transfer 

condensate from tankers to tanks and into the condensate pipeline (ENGP 2010, Vol. 3).  

Major facilities at Kitimat Terminal would include oil and condensate transfer 

systems, terminal buildings, and tanker berths.  The oil transfer system would include an 

oil receiving station, 11 oil tanks with a total nominal capacity of 496,000 barrels (bbl) 

and an oil loading system that consists of loading arms for transferring oil into tankers 

(ENGP 2010, Vol. 3).  The condensate transfer system would receive condensate from 

tankers and pump it to three tanks with a capacity similar to the oil tanks, after which the 

initiating condensate pump station would direct condensate into the pipeline for transport 

to Bruderheim Station.  Approximately 45 buildings are planned for Kitimat Terminal, 

including various maintenance and storage buildings, electrical buildings, and 

pumphouses (ENGP 2010, Vol. 3).  The terminal would also have two tanker berths to 

transfer oil and condensate into and out of three different types of tankers, namely very 

large crude carrier (VLCC), Suezmax, and Aframax tankers (see Table 3.1). 

3.2.3. Tanker Operations 

Tankers accessing Kitimat would include oil tankers exporting crude oil to 

international markets and condensate tankers importing condensate from abroad.  The 

NGP application estimates that the project would add 190 to 250 VLCC, Suezmax, and 

Aframax tankers a year, or an average of 220 vessels, to existing commercial marine 

traffic accessing Kitimat (Table 3.1) (ENGP 2010, Vol. 8B p. 2-9).  Tanker traffic of 220 

vessels equates to 440 annual tanker sailings to or from the terminal, or approximately 8 

tanker transits every week.  Of the 220 tankers per year forecast to call at the proposed 

Kitimat Terminal, approximately 149 tankers would export crude oil and 71 tankers 

would import condensate (Brandsæter and Hoffman 2010).  Tankers importing 

condensate would be laden inbound, while tankers exporting crude oil would be laden 

for outbound transits.  Three escort tugs would assist tankers in berthing and deberthing 

at the marine terminal (ENGP 2010, Vol. 6A).  The proposed project has the capacity to 
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increase oil shipments from 525 kbpd to 850 kbpd and increase condensate shipments 

from 193 kbpd to 275 kbpd, which would increase tanker traffic from 220 to 331 tankers 

per year7.   

Table 3.1. Characteristics of Tankers Accessing Kitimat Terminal 

Characteristic 
Tanker Class 

VLCC Suezmax Aframax 
Maximum Deadweight Tonnage 320,000 160,000 81,000 
Overall Length (metres) 343.7 274.0 220.8 
Average Cargo Capacity (m3) 330,000 160,000 110,000 
Average Number of Vessels per Year 50 120 50 
Source: ENGP (2010). 

ENGP expects that tankers calling at Kitimat Terminal would be chartered, or 

owned by independent tanker operators, and not owned or operated by ENGP (ENGP 

2010, Vol. 8A p. 4-3).  Owners of chartered tankers bear the responsibility for tanker 

safety.  According to ENGP, operational protocols for tankers include local pilots, escort 

and tethered tugs, tankers equipped with navigation systems, and the use of radar 

systems (ENGP 2010, Vol. 8B p. 2-5).  ENGP states that it would require all chartered 

tankers for the NGP to be double-hulled (ENGP 2010, Vol. 8A p. 4-84), as required by 

existing federal government regulations. 

Tanker traffic accessing the marine terminal at Kitimat would use three potential 

routes within an area referred to by ENGP (2010) as the BC study area.  The BC study 

area includes an open water area defined as marine waters from the Alaskan border to 

the northern end of Vancouver Island, and from the 12 nautical mile (nm) limit of the 

Territorial Sea of Canada landward to the northern fjords, as well as a confined channel 

assessment area defined as the Kitimat Arm, Douglas Channel and channels leading 

 
7  Estimated based on the increase in tanker traffic according to tanker data and information 

provided by Brandsæter and Hoffman (2010) in the Marine Shipping QRA and Dudding 
(2013). 
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from Douglas Channel to open waters of Queen Charlotte Sound and Hecate Strait 

(ENGP 2010).  The three tanker routes include a Northern Approach and two Southern 

Approaches (ENGP 2010) (Figure 3.2).  The Northern Approach is a 251 nm route that 

approaches north of Haida Gwaii, continues through Hecate Strait and Wright Sound 

and enters Douglas Channel on its way to Kitimat Terminal.  The 190 nm Southern 

Approach passes directly through Caamaño Sound passage through Queen Charlotte 

Sound, through Hecate Strait and Wright Sound and into Douglas Channel.  Finally, the 

Southern Approach via Principe Channel is a 259 nm route that enters Principe Channel 

north of Banks Island, through Nepean Sound and Otter Channel, and follows a similar 

route as the other Southern route into Kitimat Terminal.  The three tanker routes would 

traverse the Pacific North Coast Integrated Management Area8 and traditional territories 

of several First Nations. 

 
8  The Pacific North Coast Integrated Management Area is a 102,000 square km area from 

Canada’s border with Alaska south to Bute Inlet and across to Campbell River and the 
Brooks Peninsula on Vancouver Island (DFO 2013).  The region is one of five large ocean 
management areas identified by the federal government for integrated oceans management 
planning (DFO 2013).  The Pacific North Coast Integrated Management Area is a biologically 
diverse region that supports commercial fisheries, recreational fisheries, traditional uses of 
First Nations, marine tourism, shipping and transportation, and aquaculture (DFO 2013). 
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Figure 3.2.  Map of NGP Tanker Routes 

 
Source: ENGP JRP (2013e). 

Proposed tanker routes for the NGP traverse multiple-use environments with 

important and varied environmental, economic, social, and traditional assets and uses.  

The north and south passes that would be navigated by tankers are within seven distinct 

ecosections, including the Continental Slope, Dixon Entrance, Hecate Strait, North Coast 

Fjords, Queen Charlotte Sound, Queen Charlotte Strait and Vancouver Island Shelf 

(ENGP 2010).  These marine ecosections contain important biological features such as 

productive plankton communities, migratory corridors and nursery areas for salmon and 

other fish, and feeding grounds for several marine mammal and bird populations (ENGP 

2010).  These ecosections also contain overlapping anthropogenic uses, including 

commercial fisheries for many species of fish, marine transportation corridors, important 



 

56 

sites for tourism and recreational activities, and culturally-important harvesting areas for 

many Aboriginal communities (ENGP 2010).  

Further, there are many parks, ecological reserves, conservancies, and protected 

areas along, or in close proximity to, the northern and southern passes that would be 

traversed by tanker traffic.  Gwaii Haanas National Park Reserve and Haida Heritage 

Site, Naikoon Provincial Park, Tow Hill and Rose Spit ecological reserves and numerous 

Oceans and Fisheries Canada Rockfish Conservation Areas are located in the open 

water area (ENGP 2010, TERMPOL Study No. 3.15).  Several areas protected under the 

British Columbia Parks Act and the British Columbia Protected Areas Act are located in 

the confined channel assessment area9, including Green Inlet Marine Park, Oliver Cover 

Marine Park, Jackson Narrows Marine Park, and Sir Alexander Mackenzie Marine Park, 

among others (ENGP 2010, TERMPOL Study No. 3.15).  The Hakai Luxvbalis 

Conservancy managed by the Heiltsuk Nation and the province of BC is the largest 

provincial marine protected area on the BC coast and falls within the confined channel 

assessment area (ENGP 2010, TERMPOL Study No. 3.15).  Other environmentally 

significant areas located within or nearby the confined channel area include Coste Rock 

Park, an intertidal habitat used by harbour seals and frequented by recreational SCUBA 

divers for its undersea gardens and fish habitats, and Kitasoo Spirit Bear Conservancy 

on Princess Royal Island, which provides protection for the Spirit Bear and its habitat 

(ENGP 2010, TERMPOL Study No. 3.15).  

3.3. Project Costs 

ENGP estimates significant capital expenditures for the NGP.  In its initial 

application, ENGP (2010) estimates capital costs of $5.54 billion (2009 CAD).  In reply 

evidence filed in July 2012, WM (2012) estimates construction costs of $6.39 billion 
 
9  According to ENGP (2010, TERMPOL Study No. 3.15 p. 10-3), the confined channel 

assessment area includes Kitimat Arm, Douglas Channel and approaches the tankers will 
use to enter Douglas Channel (Caamaño Sound and Squally Channel from the south, as well 
as Principe Channel from the north). 
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(2012 CAD) and in 2013, the JR Panel references capital costs of $7.9 billion (ENGP 

JRP 2013) (Table 3.2).  This escalation in capital costs represents a 42% increase from 

the original estimate of $5.54 billion.  ENGP also estimates annual operating costs for 

electric power, wages, operations, maintenance, and property taxes would increase from 

$192 million (2009 CAD) to $341 million (2012 CAD).  ENGP has stated that it would 

provide benefits to Aboriginal peoples in the form of a 10% share of the $5.5 billion 

project that could generate $280 million in net income over the first 30 years and a 

contribution of 1% of pre-tax profit to a trust that could amount to $100 million over the 

30-year period (ENGP 2013a).  According to ENGP (2013a), equity ownership and the 

community trust would ensure the participation of Aboriginal communities in the project 

and provide funds for Aboriginal peoples to invest in health care, education, and 

housing. 

 Table 3.2. ENGP Estimated Capital and Operating Costs for the NGP 

Cost 2010  
(in millions 2009 CAD) 

2012 
(in millions 2012 CAD) 

Current 
(in millions 2012 CAD) 

Construction (total) 5,540 6,393 7,900 
Operating costs (annual) 192 341 341 
Source: ENGP (2010); WM (2012); ENGP JRP (2013e). 

3.4. Employment 

ENGP estimates that the NGP would contribute significant employment across 

Canada.  In its section 52 application, ENGP estimates that the NGP would create 104 

direct operating jobs in Canada over the 30-year operating period that represent a total 

of 1,146 direct, indirect, and induced operating jobs with multiplier effects (ENGP 2010, 

Vol. 6C) (Table 3.3).  In terms of person years that count one job over a 30-year period 

as 30 person years of employment, WM (2010) estimates that the project would create 

nearly 558,000 direct and indirect person years of construction and operating 

employment.  Reply evidence from WM (2012) updating the WM (2010) employment 

impacts estimates that the NGP would generate over 907,000 direct, indirect, and 

induced person years of employment during the construction and operating phases of 

the project.  According to WM (2012), over 778,000 or 86% of the 907,000 person years 
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of employment are attributable to reinvestment of the oil price uplift10.  I provide 

additional information on the employment impacts in section 4.3.2 that describes the 

EconIA in the NGP regulatory application. 

Table 3.3. ENGP Estimated Canada-wide Employment Impacts for the NGP 

Region 
Total Employment Impacts in Canada Over Life of Project (See Note) 

Operating Jobs Person Years (WM 2010) Person Years (WM 2012) 
BC 561 139,784 263,037 
AB 379 260,810 401,147 
Other 206 157,393 242,883 
Canada 1,146 557,987 907,067 
Source: ENGP (2010, Vol. 6C); WM (2010; 2012).  Note: Operating jobs represent the number of direct, 
indirect, and induced jobs during the 30-year operating period of the project, with the exception of 
employment impacts from the WM (2010) study that do not include induced effects.  Person Years represent 
the sum of total employment impacts including multiplier effects from construction and operations over the 
30-year NGP operating period.   

3.5. Project Effects Assessed by Proponent 

ENGP examined a wide range of potential effects from the NGP in its regulatory 

application (Table 3.4).  These potential effects include all of the effects initially 

assessed by ENGP related to the construction, operation, and decommissioning of 

pipeline, terminal, and tanker operations including associated infrastructure11.  The 

proponent and its consultants used several methodological approaches to assess 

potential project impacts (see next section).  

 
10  According to MS (2010), the oil price uplift consists of two factors that increase netback 

prices: (1) Canadian crude oil accesses the Asia market where oil prices are higher relative to 
the US; and (2) there is a reduction in the quantity of oil shipped to the US resulting in a 
northward shift of the pricing point from the Gulf Coast to the interior US that reduces 
transportation costs for Canadian oil producers shipping into the US market.  

11  The list of impacts does not include any potential effects identified by interveners or 
government participants submitted as evidence or any information identified during 
information requests. 
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From its assessment of potential effects, ENGP claims that the benefits of the 

positive effects outweigh the costs of the negative effects.  ENGP (2010, Vol. 2 p. 1-13-

1-14) concludes that the NGP is in the public interest under the NEBA because the 

project generates significant and widespread economic benefits.  Further, the proponent 

claims that pipeline and tanker spill risk is negligible and mitigation measures would 

reduce the likelihood of significant effects to acceptable levels (Brandsæter and Hoffman 

2010; ENGP 2010, TERMPOL Study No. 3.15; Bercha Group 2012a; 2012b; 2012c; 

WorleyParsons 2012).  Thus ENGP claims that the likelihood of significant adverse 

environmental effects is negligible compared to the significant economic benefits of the 

project.  Chapters 4 and 6 contain a more detailed summary of the evidence that ENGP 

provides related to the NEBA and CEAA 2012 decision criteria as well as the 

methodological approaches used to determine those effects.   

Table 3.4. Potential Effects Examined by ENGP in NGP Application 

Impact Type Effect Assessed 
Acoustic Environment Sound level in urban and rural environments 
Atmospheric Environment Ambient Air Quality Objectives compliance 

Air quality (Criteria Air Contaminants and Hazardous Air Pollutants) 
Greenhouse gas (GHG) emissions 

Economic National and provincial economic impacts 
National and provincial employment and labour income impacts 
National and provincial fiscal impacts 

Freshwater Fish and Fish 
Habitat 

Displacement and stranding 
Habitat structure and cover 
Migration and habitat access 
Mortality 
Nutrient and contaminant concentrations 
Sediment deposition and concentration 
Water temperature 

Heritage Resources Damage or loss of archaeological and historic material 
Human Health Ingestion of plants and animals exposed to chemicals 

Inhalation of outdoor air 
Hydrogeology Groundwater flow and direction 

Groundwater quality 
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Impact Type Effect Assessed 
Marine Birds Mortality 

Physical habitat change 
Sensory disturbance and habitat avoidance 

Marine Fish and Fish 
Habitat 

Acoustic disturbance and displacement 
Habitat availability and changes to spawning or rearing habitat 
Habitat quality affected by sedimentation 

Marine Fisheries Aesthetic, visual, and noise disturbance 
Distribution and abundance of harvested species 
Loss or damage to fishing gear 
Restricted access to fishing grounds 

Marine Mammals Acoustic disturbance causing behavioural change 
Humpback whale vessel strike 
Injuries and mortality from underwater explosives 

Marine Vegetation and 
Invertebrates 

Habitat availability 
Habitat quality 

Marine Sediment and 
Water Quality 

Sediment and water chemistry 
Suspended sediment levels 
Habitat availability 
Habitat quality 
Mortality 

Non-traditional Land and 
Resource Use 

Aesthetic and visual resource values 
Aggregate, minerals, and oil and gas 
Agriculture 
Designated protected and recreation areas 
Forestry 
Hunting, recreational fishing, and trapping 
Marine parks, protected and recreation areas 

Operational Spills Effect of hydrocarbons on biophysical environment 
Effect of hydrocarbons on human environment 
Spill likelihood 
Spill preparedness, response and remediation 

Paleontological 
Resources 

Direct or indirect disturbance and loss of fossil-bearing rocks 

Soils Agricultural capability 
Soil quality 
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Impact Type Effect Assessed 
Surface Water Deposition of air emissions 

Flow patterns, discharges, and water levels 
Water and sediment quality 

Terrain Terrain integrity 
Traditional Land and 

Resource Use 
 

Aboriginal and treaty rights 
Burial sites, heritage and sacred areas 
Community well-being and spirituality 
Harvesting areas for food, social, and ceremonial activities 
Hunting, fishing, trapping and plant harvesting 

Vegetation Air emissions 
Invasive species 
Surface water and shallow groundwater flow 
Surface disturbance (clearing) 

Wildlife Disruption in movement patterns 
Habitat loss and fragmentation 
Mortality 

Source: Compiled from ENGP (2010).  Note: Structure of table adapted from Joseph (2013). 

3.6. Methods of Impact Assessment 

ENGP and its consultants used various methods of impact assessment to 

estimate potential effects of the project.  A summary of the methods used to produce 

information in the NGP regulatory application and a description of each type of 

environmental impact assessment method based on the academic literature is provided 

in Table 3.5 (Davis 1990; Smith 1993; Canter 1998; Lawrence 2003; Wang and vom 

Hofe 2007; Baker and Rapaport 2009; Noble 2009; Boardman et al. 2011; Joseph 

2013).  The list of methods represents only the methods that ENGP uses in its regulatory 

application and does not include methodologies used in evidence submitted by 

interveners.  Further, the list of methods is not suggestive of the quality of the application 

of the method but merely indicates that the project proponent used the method in some 

form.  

The NGP regulatory application includes one particular method of impact 

assessment that proponents seldom use in the preparation of project applications 
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submitted to the JRP.  ENGP submitted a CBA that measures the net social benefit of 

the NGP by adding up all costs and benefits of the project to which a monetary value 

could be assigned.  The proponent submitted the CBA as reply evidence in 2012 two 

years after submitting its section 52 application.  The CBA was submitted in response to 

a CBA prepared by Dr. Gunton and I for the intervener Coastal First Nations (see 

Appendix A).  Since proponents typically do not include a CBA of project impacts in their 

regulatory application, and ENGP stated that its CBA was prepared in response to an 

intervener’s CBA (WM 2012, p. 6), it is likely that ENGP would not have completed a 

CBA if interveners had not submitted the original CBA as evidence.  I further discuss the 

CBA that the ENGP submitted as reply evidence in section 4.3.3. 

The NGP application also contains several types of risk assessment.  ENGP 

completed individual risk assessments for tanker, terminal, and pipeline spills to assess 

the likelihood and consequences of potential spills from the project.  The NGP 

application contains a human health risk assessment examining the nature and 

likelihood of impacts to humans exposed to chemicals following an oil spill, and an 

ecological risk assessment that examined potential impacts of a tanker spill to marine 

water and subtidal sediment quality.  The types of risk assessment used in the 

application include QRA that uses model-based risk analysis tools such as Monte Carlo 

simulation, and semi-quantitative risk assessment (SQRA) that combines qualitative and 

quantitative characteristics of risk analysis tools.  I further discuss the risk assessments 

in the NGP regulatory application as they relate to CEAA 2012 decision criteria in 

Chapter 6.  

Table 3.5. Impact Assessment Methods used in the NGP Regulatory 
Application 

Method Description Example from Application 
Analogs Impacts from similar projects (i.e. case studies) provide 

an analogy for predicting potential impacts of a proposed 
project 

Comparing tanker spill impacts 
from the EVOS to a potential 
spill from the NGP 

Biophysical Impact 
Assessment 

Estimating impacts from projects to the biological and 
physical environment 

Potential injuries to humpback 
whales from a vessel strike  

Checklists Lists that contain items or impacts relevant to the 
proposed project. Checklists are ideal for the initial 
scoping stages 

ToR for the NGP that lists 
factors to be considered during 
the JRP 
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Method Description Example from Application 
CBA Estimating in monetary terms the value of all costs and 

benefits of a project to all members of society 
Monetary costs related to 
surplus pipeline capacity and 
marine oil spills 

Cumulative Effects 
Assessment 

Assessing the spatial and temporal impacts of a 
proposed project in combination with past, present, and 
future projects to determine the aggregate effect 

Air pollution impacts from 
tanker operations combined 
with other projects in Kitimat 

Demographic 
Analysis 

Describing characteristics of populations including size 
and distribution across an area 

Population, employment by 
industry sector, and labour 
force for areas impacted by the 
NGP 

EconIA Estimating the gross economic impacts of a project using 
input-output analysis that structures an economy based 
on economic linkages representing the relationships 
among various economic sectors 

Economic benefits that 
increase GDP, employment, 
and government tax revenues 

Expert Opinion Developing information from professional judgment in 
structured or unstructured approaches 

Expert workshops held for 
Marine Shipping QRA 

Geographic 
Information 
Systems 

Analyzing spatial impacts with computer mapping 
software 

Mapping of proposed pipeline 
right-of-way 

Heritage Impact 
Assessment 

Estimating project impacts to cultural heritage resources 
such as historic buildings, and archeological and 
paleontological sites 

Assessing the likelihood and 
consequences of unauthorized 
collecting of archaeological 
resources from increased 
human presence 

Indicators Identifying important information that describes the 
affected resource.  Indicators often measure the 
quality/quantity of a resource before and after the 
proposed project 

National and provincial 
economic Indicators 
measuring GDP, employment, 
wages, etc. 

Literature Review Estimating impacts from reviewing existing academic and 
other literary sources 

Identifying potential tanker spill 
impacts from existing research 
on oil spills 

Mass Balance  Analysis of a physical system that accounts for material 
entering and leaving the system 

Measuring the fate of oil spilled 
in various oil spill scenarios 

Matrices Identifying and linking project activities to potential 
environmental components and effects in a grid  

Matrix characterizing residual 
effects from chemicals of 
potential concern 

Modelling Qualitative and quantitative simplifications of real systems 
that predict changes to the system from the proposed 
project 

Dispersion modelling 
measuring air quality effects of 
air emissions from Kitimat 
Terminal  
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Method Description Example from Application 
Negotiation Resolving issues using conflict resolution methods and 

processes 
Negotiations between ENGP 
and Aboriginal groups 

Networks Diagrams that demonstrate relationships and connections 
between proposed projects and impacts 

Human health risk assessment 
conceptual model diagram 

Remote Sensing Collecting information using various remote data 
acquisition techniques 

Aerial photographs mapping 
the proposed pipeline route 

Risk Assessment Analyzing information to determine if an initiating event, 
or hazard, might cause harm. There are different types 
(e.g. human health or ecological) and different techniques 
(e.g. quantitative or semi-quantitative) of risk assessment 

Impacts to humans from 
consuming contaminated 
marine resources; Return 
periods for pipeline spills 

Scenario Building Using different underlying assumptions to develop 
alternative future scenarios 

Scenarios for different oil spill 
sizes, types, region, etc. 

Social Impact 
Assessment 

Estimating the social effects of a proposed project such 
as impacts to culture, community, etc. 

Increased stress from 
disturbance to traditional foods 
and medicines 

Stakeholder 
Involvement 

Gathering information through formal or informal methods 
from groups that have an interest in the outcome  

Stakeholder engagement 
during hazard identification 
portion of risk assessment 

Traditional 
Ecological 
Knowledge 

Gathering information and data from Aboriginal or 
Indigenous groups that possess knowledge about local 
environmental resources 

Completion of Aboriginal 
traditional knowledge reports 
with some Aboriginal groups 

Trend 
Extrapolation 

Estimating future conditions based on changing or 
continued historical trends 

Assuming historical tanker spill 
rates continue to decline over 
the project life 

Source:  Impact assessment descriptions from Davis (1990); Smith (1993); Canter (1998); Lawrence (2003); 
Wang and vom Hofe (2007); Baker and Rapaport (2009); Noble (2009); Boardman et al. (2011); Joseph 
(2013).  Types of impacts compiled from ENGP (2010). 

3.7. Structure of Regulatory Application 

The section 52 application submitted by ENGP to the JR Panel contains eight 

volumes.  The volumes include: 

•   Volume 1: Overview and General Information; 

•   Volume 2: Economics, Commercial, and Financing; 

•   Volume 3: Engineering, Construction, and Operations; 

•   Volume 4: Public Consultation; 

•   Volume 5A: Aboriginal Engagement; 
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•   Volume 5B: Aboriginal Traditional Knowledge; 

•   Volume 6A: Environmental and Socio-Economic Assessment - Pipelines and 
Tank Terminal; 

•   Volume 6B: Environmental and Socio-Economic Assessment - Marine 
Terminal; 

•   Volume 6C: Environmental and Socio-Economic Assessment - Human 
Environment; 

•   Volume 7A: Construction Environmental Protection and Management Plan; 

•   Volume 7B: Risk Assessment and Management of Spills - Pipelines; 

•   Volume 7C: Risk Assessment and Management of Spills - Kitimat Terminal; 

•   Volume 8A: Overview and General Information - Marine Transportation; 

•   Volume 8B: Environmental and Socio-Economic Assessment - Marine 
Transportation; and 

•   Volume 8C: Risk Assessment and Management of Spills - Marine 
Transportation. 

The first volume in the regulatory application contains general project information 

relevant to the NEB Filing Manual, the JRP Agreement, ToR, and the Scope of the 

Factors including project overview and description, discussion of alternatives, and 

regulatory framework, among others.  Volume 2 provides details on oil supply from the 

WCSB, markets where the oil would be delivered, and the import of condensate from 

Kitimat to the WCSB.  The second volume also discusses potential benefits of the 

project, commercial support, and toll principles.  Volume 3 of the application provides 

information on the design, construction, and operation of the project including pipelines, 

Kitimat Terminal, and associated facilities.  ENGP also discusses alternatives to these 

components in Volume 3.  Volume 4 contains information on ENGP’s public consultation 

efforts with stakeholders to address concerns of the project.  Volume 5A and Volume 5B 

provide details on the communication efforts between ENGP and Aboriginal groups and 

ENGP’s efforts to incorporate Aboriginal traditional knowledge into the environmental 

and socio-economic assessment. 

Volume 6 of the regulatory application contains information about the 

environmental and socio-economic assessment for the NGP.  The volume is broken into 

three parts namely pipelines and tank terminal, marine terminal, and human 

environment.  The environmental and socio-economic assessment for pipelines and the 

tank terminal evaluates project effects on the atmospheric and acoustic environment, 
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soils, vegetation, and wildlife, among others.  The environmental and socio-economic 

assessment for the marine terminal evaluates project effects on various ecosystem 

components including marine sediment and water quality, marine vegetation, fish and 

fish habitat, marine mammals, birds, and fisheries.  The environmental and socio-

economic assessment for the human environment examines effects of the project on 

national and provincial economies, human health, and non-traditional land use and 

heritage resources (see Table 3.4 for a full list of project effects assessed in the 

environmental and socio-economic assessment).  The environmental and socio-

economic assessment also considers mitigation measures proposed by the proponent 

and cumulative effects. 

 ENGP provides details about management plans and the NGP risk assessment 

in Volume 7.  Volume 7A of the application contains information on the environmental 

protection and management measures that ENGP intends to implement during 

construction if the project proceeds.  Volumes 7B and Volume 7C outline the risk 

assessments for accidents and malfunctions from the oil and condensate pipelines and 

Kitimat Terminal.  Components of the risk assessment for the pipelines and marine 

terminal include spill likelihood, the fate of hydrocarbons in the environment, emergency 

response, and potential biophysical and socio-economic effects from a spill.  

Finally, Volume 8 provides information about marine transportation operations.  

Volume 8A contains an overview of marine transportation and marine terminal 

operations including the various proposed tanker routes.  Volume 8B provides details 

about the environmental and socio-economic effects of routine marine transportation 

operations for the NGP including effects from tanker operations.  Volume 8C describes 

the risk assessments for tanker and marine terminal operations and provides spill 

likelihood estimates, the fate of spilled hydrocarbons, potential biophysical and socio-

economic effects from a spill, and the use of tethered and escort tugs to avoid accidental 

spills.  

ENGP also submitted additional information during the JRP in response to 

information requests made by interveners and government participants.  ENGP alone 

received 3,680 individual information requests from interveners seeking additional 

information or clarifying information contained within the NGP regulatory application 
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(ENGP 2013b).  Although I do not summarize all the interrogatories and responses to 

information requests in this section, I include information from ENGP’s responses in the 

sections in which the information is relevant to the subject matter and note that the 

information originates from responses to information requests. 
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4. Evidence Addressing Decision Criteria in the 
National Energy Board Act 

4.1. Introduction 

In this chapter, I describe the methods and information submitted by ENGP and 

its consultants to support their argument that the NGP is needed and in the public 

interest under the NEBA.  ENGP claims the NGP is both needed and in the public 

interest because of: (1) market demand in Asia for Canadian crude oil; and (2) economic 

benefits of the project (ENGP 2010, Vol. 2 p. 1-13-1-14).  The summary in this chapter 

provides the basis for my evaluation in Chapter 5 and relies on the following regulatory 

documents submitted as part of the section 52 application or as reply evidence during 

the JRP:  

•   ENGP 2010 Volume 2: Economics, Commercial, and Financing; 

•   ENGP 2010 Volume 2, Appendix A: Market Prospects and Benefit Analysis 
for the Northern Gateway Project by Muse Stancil (2010); 

•   ENGP 2010 Volume 2, Appendix B: Public Interest Benefits of the Enbridge 
Northern Gateway Pipeline Project by Wright Mansell (2010); 

•   Update of Market Prospects and Benefits Analysis for the Northern Gateway 
Project by Muse Stancil (2012); and 

•   Public Interest Benefit Evaluation of the Enbridge Northern Gateway Pipeline 
Project: Update and Reply Evidence by Wright Mansell (2012). 

4.2. Market Demand for Canadian Crude Oil in Asia 

ENGP contracted Muse Stancil (MS) to examine prospective markets for 

Canadian crude oil and to evaluate potential benefits associated with the NGP.  

Appendix A in Volume 2 of the NGP regulatory application contains the original MS 

(2010) study entitled Market Prospects and Benefits Analysis for the Northern Gateway 

Project.  Muse Stancil updated the study in 2012 submitting the revised report as reply 
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evidence.  Both MS (2010; 2012) studies contain two main sections: (1) analysis of 

potential markets for Western Canadian crude, and; (2) analysis of the impact of NGP on 

Western Canadian crude prices.  In the following paragraphs I summarize the first 

section from both the original MS (2010) study and the reply evidence (MS 2012).  I refer 

to this portion of the study as the Market Analysis.  

The MS (2010; 2012) Market Analysis identifies Japan, China, South Korea, and 

Taiwan as potential purchasers of Canadian crude oil12.  According to MS (2010), 

refineries in Northeast Asia are interested in diversifying their crude suppliers thereby 

reducing their dependence on the Middle East and taking advantage of their proximity to 

Kitimat relative to other oil producing regions (Table 4.1). 

Table 4.1. Comparison of Tanker Sailing Distances to Northeast Asia 
Estimated by ENGP 

Destination 
Tanker Voyage Distance (in round trip nm) 

Kitimat Arabian Gulf Nigeria 
Shanghai, China 9,729 11,994 20,649 
Yokohama, Japan 8,082 13,277 21,931 
Ulsan, South Korea 8,725 12,546 21,201 
Source: MS (2010, p. 13; 2012, p. 78). 

China is the largest importer of crude oil in Northeast Asia, followed by Japan 

(MS 2010; 2012).  Although data on the grades of crude oil imported by China are 

unavailable, Chinese refineries currently receive about 50% of crude imports from the 

Middle East (IEA 2007 as cited in MS 2010).  China continues to add refining capacity 

with an expected capacity of over 13,400 kbpd by 2016 (BP 2011 and IEA 2011 as cited 

in MS 2012) and Chinese refineries are adding conversion and desulphurization capacity 

that will allow for processing of heavier crudes with higher sulphur contents.  According 

 
12  MS (2010) also completes a market analysis for the US West Coast, however, MS does not 

include markets on the US West Coast as destinations for NGP shippers in its Canadian 
benefit estimate.  Therefore I do not summarize the US market analysis. 
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to MS (2012), 10% of refineries in Northern China have a high capability to process 

heavy, high sulphur crudes.  MS (2010) concludes that the current market potential for 

Canadian crude oil in China is 630 kbpd13 and MS (2012) estimates market demand of 

1,060 kbpd for Canadian Crude in northern and southern China.  MS (2010; 2012) 

estimates that market potential for Canadian crude in China is growing at 5% per year.   

Northeast Asia’s second largest importer of crude, Japan imported 3,570 kbpd of 

crude oil in 2011 the majority of which (90%) came from the Middle East (MS 2010).  In 

terms of refining capacity, approximately 8% of Japanese refineries have a high 

capability to process heavy crudes with a high sulphur content (MS 2012).  MS (2012) 

states that even though refineries in Japan are reducing crude distillation capacity over 

the next 10 years by 1,000 kbpd, their decommissioning would have little impact on 

potential Canadian crude imports.  MS (2010; 2012) concludes that the estimated 

market potential for Canadian crudes in Japan is 630 kbpd.   

For South Korea and Taiwan, MS (2012) notes that the refining sectors in both of 

these countries share many of the same characteristics, that include an industry with few 

refineries but large capacities and static refining capacity over the last several years.  

MS (2012) notes that refineries in South Korea are continuing to invest in conversion 

and desulphurization capacity in order to process heavier crudes with more sulphur.  MS 

(2010; 2012) estimates that the potential market size for Canadian crudes is 340 to 350 

kbpd in South Korea and 170 to 180 kbpd in Taiwan.  MS (2010; 2012) concludes that 

potential demand for Western Canadian crude oil in Northeast Asia ranges from 1.75 

mbpd to 2.22 mbpd (Table 4.2) and that projected growth in crude oil demand in 

Northeast Asia is strong.  

 

 
13  Note that MS (2010, p. 19) states that the demand for Canadian crude oil in China is 630 

kbpd yet Table 5 on page 23 of the same report shows total demand in China of 610 kbpd.  
Further, MS (2012, p. 84) states that the market size for China is 940 kbpd yet Table B-2 on 
page 89 of the report shows potential demand of 1,060 kbpd in China.  Neither MS (2010) nor 
MS (2012) explain these discrepancies. 
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Table 4.2. ENGP Estimated Potential Crude Demand in Northeast Asia (in 
kbpd) 

Importing Country MS (2010) (MS 2012) 
Japan 630 630 
China 610 1,060 
South Korea 340 350 
Taiwan 170 180 
Total 1,750 2,220 
Source: MS (2010, p. 23; 2012, p. 89).  Note: See footnote 13.  

4.3. Economic Benefits of the NGP 

ENGP submitted several studies estimating the economic benefits of the NGP.  

These studies include the portion of the study entitled Market Prospects and Benefits 

Analysis for the Northern Gateway Project from MS (2010) that estimates impacts of the 

NGP on WCSB oil prices (referred to as Benefits Analysis) and the Public Interest 

Benefits of the Enbridge Northern Gateway Pipeline Project from WM (2010) that 

contains an EconIA study and predicts the economic benefits of the project on various 

measures of the economy.  In 2012, MS (2012) and WM (2012) submitted updates to 

their 2010 studies in response to intervener evidence challenging the findings submitted 

in 2010.  WM (2012) also submitted a CBA in its reply evidence that estimates the costs 

and benefits of the NGP and concludes the project is a net social benefit to Canadians.  

Here I summarize these analyses as they relate to the decision-making criteria under the 

NEBA.  

4.3.1. Benefit Analysis of Exporting Crude to Asia 

In addition to its Market Analysis for Canadian crude, MS (2010; 2012) 

completed a Benefits Analysis quantifying the impact of the NGP on Western Canadian 

crude prices.  MS uses its Crude Market Optimization Model to predict the allocation of 

crude to particular markets and the resulting prices under the assumption that markets 

allocate crude oil efficiently.  The objective of the analysis is to maximize the Western 

Canadian crude oil netback price at Edmonton.  The Crude Market Optimization Model 
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uses linear programming methods to distribute WCSB and US crude supplies among 

refineries in Canada, the US, and Northeast Asia based on expected pipeline and 

refinery capacity constraints.  There are six inputs into the model: (1) the supply of crude 

oil from Western Canada, Alaska, and inland US by grade; (2) pipeline capacity; (3) 

pipeline volume commitments; (4) pipeline tolls and other transportation costs; (5) 

refinery capacities; and (6) refining value of crude oil grades at each refinery.  I describe 

these inputs along with the results of the Crude Market Optimization Model from the 

original MS (2010) study and the MS (2012) reply evidence. 

MS (2010; 2012) uses the Canadian Association of Petroleum Producers (CAPP) 

Growth Forecast to estimate Western Canadian crude oil supply.  The original MS 

(2010) study uses the 2009 CAPP Forecast whereas the updated MS (2012) study uses 

the 2011 CAPP Forecast from 2018 to 2025 coupled with data from Enbridge to extend 

the projection from 2026 to 2035 (Table 4.3).  The CAPP Forecast disaggregates 

Canadian crudes into light and medium conventional, conventional heavy, upgraded 

light, and oil sands heavy and MS further disaggregates oil sands heavy into Western 

Canadian Select, Cold Lake Blend, Athabasca Dilbit, Athabasca synthetic bitumen, and 

sour synthetic.  In its 2012 study, MS notes that the 2011 CAPP Forecast from 2018 to 

2025 and Enbridge’s supply projections from 2026 to 2035 are comparable to NEB 

Reference Case supply forecasts over the same period since the greatest absolute 

percentage differential is 4.2%. 

Table 4.3. CAPP Growth Forecast for Western Canadian Crude Supply 

Year 
CAPP Growth Forecast (in kbpd) 

Difference 
2009 Forecast 2011 Forecast 

2015 3,308 3,549 241 
2020 3,939 4,466 527 
2025 4,240 5,245 1,005 
Source: Adapted from MS (2010, p. 39; 2012, p. 51).  Note: Forecasts represent total conventional 
light/medium, synthetic, and heavy oils.  

To estimate pipeline capacity, MS models the existing crude pipeline network in 

North America, pipeline projects approved by the NEB, and major pipeline expansion 

projects from Enbridge that have not been approved by regulators (Table 4.4).  MS uses 
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data from the NEB, the US Federal Energy Regulatory Commission, state tariff filings, 

and data provided by Enbridge to estimate pipeline tolls and uses its own industry 

research to estimate barge and rail costs.  MS also estimates tanker transport costs from 

Kitimat to markets in Northeast Asia and the US West Coast based on a 130,000 

deadweight tonnage Suezmax tanker14.   

Table 4.4. Pipeline Capacity Assumptions (MS 2012) 

Project Description 

Keystone System 
Keystone system capacity that includes Keystone XL (700 kbpd) and Legacy Keystone 
(210 kbpd) for a combined capacity of 910 kbpd.  MS also includes the Bakken Marketlink 
(65 kbpd) and the Cushing Marketlink (75 kbpd). 

Enbridge Flanagan South Chicago-Cushing pipeline proceeds before 2018 with 600 kbpd of capacity. 

Seaway System Twinning of existing pipeline for total capacity of 1,100 kbpd with a 600 kbpd extension 
from Houston to Port Arthur, Texas. 

Enbridge Mainline 

Mainline expansion as of 2018: Cromer to Clearbrook (350 kbpd expansion to 2,613 kbpd); 
Clearbrook to Superior (350 kbpd expansion to 2,428 kbpd); Superior to Chicago/Flanagan 
(435 kbpd expansion to 1,761 kbpd); Line 5 Superior to Sarnia (50 kbpd expansion to 541 
kbpd); Line 6B Chicago to Stockbridge (260 kbpd expansion to 491 kbpd); Line 9A Sarnia 
to Westover (Eastbound reversal); Line 9B Westover to Montreal (idled). 

Enbridge North Dakota 
System Capacity to Clearbrook (185 kbpd) and Cromer (205 kbpd). 

Trans Mountain Capacity of 300 kbpd less 45 kbpd for shipment of refined products. 

Rockies Export to Rockies (PADD IV) of 514 kbpd and capacity from the Rockies on the Platte 
pipeline (145 kbpd) and White Cliffs pipeline (30 kbpd). 

Other US Pipelines 
Magellan Longhorn between West Texas and Houston (225 kbpd); Butte/Belle Fourche 
pipeline expansion to 150 kbpd; Shell Ho-Ho pipeline reversal from Houston to Louisiana 
(300 kbpd). 

Rail and Barge 

Barge capacity of 110 kbpd in 2018 growing to 280 kbpd by 2035; Rail capacity to BC 
ports of 20 kbpd in 2018 growing to 800 kbpd by 2035; Rail capacity to the US Gulf Coast 
of 40 kbpd in 2018 growing to 945 kbpd in 2035; Rail capacity to Washington State of 30 
kbpd through 2035; Rail capacity for Bakken Crude to Cushing of 75 kbpd from 2018-2035 
and US Gulf Coast (unlimited). 

Source: MS (2012, p. 21-25).  

 
14  Tanker transport costs for the NGP represent the hiring of the vessel and port fees, as well as 

the fluctuations of supply and demand for tanker shipments over time (MS 2010).  See MS 
(2010 p. 26-27) for a discussion of the approach that MS uses to estimate tanker costs 
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The MS (2012) Crude Market Optimization Model estimates refinery capacities 

based on the 2011 EIA Refinery Capacity Report, 2011 Oil & Gas Journal Worldwide 

Refining Survey, and adjustments made by MS.  The model represents individual 

refineries in Canada, the Puget Sound area, the Midwest, and the Mid-Continent.  The 

model aggregates refineries located in China, Japan, Korea, Taiwan, the US Gulf Coast, 

US East Coast, Rockies, and California due to the large number of refineries.  MS 

assumes that refineries in China, Korea, and Taiwan will increase refining capacity at a 

rate of 1% per year, while refinery capacities in North America and Japan remain static 

over the forecast period. 

The final input into the model is an estimation of the value of Canadian crude to 

refinery customers.  MS estimates the refining value of Canadian crude using proprietary 

software that optimizes refinery operations relative to numerous factors including crude 

selection and the mix of refined products.  MS constructs refinery optimization models 

for each refinery or group of refineries that may receive Canadian crude thus 

establishing a base case according to some combination of domestic and imported 

crudes.  MS then alters the refining mix to include more Canadian crudes and estimates 

the value of Canadian crudes based on the difference between this case and the base 

case.   

Estimating Canadian crude refining values requires prices for non-Canadian 

crude and refined products since the MS model displaces non-Canadian alternatives 

with Canadian crudes and refined products.  The price forecasts are based on five 

independent market variables that according to MS, address the principal aspects of the 

refining industry: (1) The price of Light Louisiana Sweet at St. James that establishes the 

price for all crudes and products; (2) The price of natural gas at the Houston Ship 

Channel that influences refinery operating costs and the pricing relationships between 

liquid petroleum gases and light products such as gasoline and diesel; (3) Contribution 

margin for a Gulf Coast cracking refinery that influences the differential between light 

product and crude; (4) Contribution margin for a Gulf Coast coker that influences the 

differential between light and heavy products; and (5) The differential between ultra-low 

sulphur diesel and unleaded regular.  MS forecasts these five variables based on 

historical data in the refining industry as well as analysis and opinion from MS.  The 

forecasting methodology assumes the same refining margins for crude oil prices 
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established in different markets and thus assumes refiners have no preference for 

purchasing one crude oil over another (notwithstanding transportation costs for inland 

locations). 

MS forecasts crude and refined product price differentials for the US Gulf Coast, 

Mid-Continent, Chicago, Seattle, Los Angeles, and New York in North America and 

forecasts Asian crude and refined product prices in Singapore.  According to MS (2010, 

p. 31), Singapore is the key pricing location in Asia.  MS generates prices for Asia-

Pacific and Middle Eastern crudes based on Singapore as the price-setting location with 

adjustments for freight and quality.  MS assumes that light sweet crude oil in Singapore 

(Tapis) will maintain a price premium to Light Louisiana Sweet crude in the US Gulf 

Coast through 2035 due to West Africa’s role as the incremental crude oil supplier to 

Asia.  MS (2012) expects that an increase in crude exports from West Africa to Asia 

through 2016 will increase delivered crude prices in Asia thus expanding the price 

differentials between Asia and North America and improving the competitiveness of 

Canadian crudes. 

MS estimates the benefit of the NGP based on running its Crude Market 

Optimization Model for two scenarios.  One case represents the NGP operating at 500 

kbpd of committed volume and the other case, the base case, represents the model 

outputs without the NGP.  For each scenario, the MS model outputs five main findings: 

(1) pipeline, barge, tanker, and rail throughput; (2) market disposition of Western 

Canadian crude; (3) market disposition of inland US crude; (4) refinery throughput; and 

(5) price for Canadian crude.   

In terms of capacity, the results of the original MS (2010) report show that there 

is sufficient pipeline capacity to meet the demand for WCSB exports without the NGP.  

In the NGP scenario, WCSB exports are shipped to the Asian and US markets, while in 

the base case (no NGP), Canadian crude producers ship WCSB exports to the US 

market only.  The results of the base case analysis indicate that the US market is 

capable of absorbing all Western Canadian exports and production in the WCSB is 

unaffected by the decision to build or not build the NGP; NGP simply changes the 

distribution of the market allocation of crude oil.  Thus the analysis from MS (2010) 

suggests that the addition of the Keystone (including Keystone XL) and Enbridge Clipper 
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expansions will provide sufficient pipeline capacity to transport WCSB exports to the US 

and demonstrates that the NGP is not needed to meet forecast WCSB export demand 

during the forecast period to 2025 (Table 4.5).  The updated MS (2012) study shows 

slightly different results for the disposition of Canadian crude than the 2010 study since 

the updated analysis includes rail shipments.  MS (2012) estimates that if NGP is not 

built, rail shipments to Asia by way of BC ports are at capacity over the forecasting 

period (up to 800 kbpd by 2035).  Thus, MS (2012) assumes in its base case analysis 

that the US market does not absorb all Canadian heavy crude exports since a portion of 

these exports are destined for Asia by rail to BC ports.  In its analysis, MS (2012) does 

not run a scenario to examine whether the US market is able to absorb the volumes of 

Canadian crude shipped by rail to Asia. 

Table 4.5. Market Allocation of Canadian Heavy Crude in 2025 Estimated by 
ENGP 

Region 
Canadian Heavy Crude in 2025 (in kbpd) 

NGP Case Base Case Difference 
Canada 263.5  291.9  (28.3) 
Inland US 1,415.9  1,555.5  (139.7) 
US Coast 418.7  632.9  (214.3) 
Northeast Asia 454.8  72.6  382.3  
Total 2,552.9  2,552.9  0  
Source: Compiled from MS (2010, p. 50-55).  

One of the alleged benefits of the NGP specified by MS is that shipping Western 

Canadian crude to Asia will result in higher netbacks to all WCSB producers.  The 

original MS (2010) study identifies two factors increasing the netback.  The first factor is 

that MS forecasts higher oil prices in Asia relative to the US.  MS assumes that the Asia 

price premium that has historically existed between oil companies in the Middle East and 

buyers in Asia will persist (Table 4.6).  MS assumes Canadian producers capture this 

price premium since the NGP enables Canadian crude producers to access a higher 

priced market in Asia at similar or lower freight costs than shipping crude to the US Gulf 

Coast.  Thus, according to MS, the price premium in Asia results in higher netbacks for 

Western Canadian oil shipped to Asia relative to crude destined for US markets.  The 

second factor is that reducing the quantity of oil shipped to the US results in a northward 
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shift of the pricing point from the Gulf Coast.  MS (2012) assumes that the more 

northerly prices will be higher because of the extra transportation charges for non-

Canadian oil delivered to the Gulf that must be shipped northward into the Mid-Continent 

or Midwest US.  Consequently, all Canadian oil delivered to the more northerly market-

clearing points will realize higher netbacks.  

Table 4.6. ENGP Estimated Historical and Forecast Asia Price Premium 

Year 
MS (2010) Forecast (2009 USD per bbl) MS (2012) Forecast (2012 USD per bbl) 

Arab Light Arab Heavy Arab Light Arab Heavy 
2000 0.04 1.19 n/a n/a 
2001 2.67 3.88 n/a n/a 
2002 1.62 2.10 n/a n/a 
2003 0.88 1.39 n/a n/a 
2004 (1.57) (1.08) n/a n/a 
2005 0.73 1.05 0.73 1.27 
2006 3.03 3.17 3.03 3.00 
2007 2.54 1.54 2.54 1.82 
2008 (0.90) (0.06) (0.90) (0.50) 
2009 3.49 2.77 3.49 3.32 
2010 2.04 2.29 0.54 1.18 
2011 2.35 2.75 0.51 0.81 
2012 2.60 3.13 2.30 2.77 
2015 2.45 3.16 2.19 2.58 
2020 2.62 3.39 2.33 2.71 
2025 2.79 3.63 2.47 2.84 
2035 n/a n/a 2.78 3.13 
Source: Compiled from MS (2010, p. 45; 2012, p. 24).  Note: Bold and Italicized values denote forecast.  
Forecast values represent real dollars whereas historical values represent nominal dollars. 

The updated MS (2012) study identifies a third factor increasing the netback for 

Canadian crude.  One of the differences between the 2010 and 2012 analyses is the 

inclusion of rail and barge transportation in the MS (2012) study.  MS claims that the 

NGP will benefit Canadian producers by eliminating the need to transport WCSB crude 

via rail up until 2023.  Even if the NGP proceeds, Canadian crude producers would have 
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to transport crude by rail after 2023 if no new pipelines are constructed since there 

would be capacity constraints in the pipeline system.  In this case, MS observes that per-

bbl benefits of the NGP decrease relative to benefits prior to 2023 since the NGP 

reduces, but does not eliminate, crude transportation via rail.  MS (2012) also notes that 

the value of crude oil to refineries decreases as throughput volumes increase, 

suggesting that the willingness to pay (WTP) for Canadian heavy crude oil would 

decrease as refineries reach their capacity to process heavy oil.  

MS estimates gross and net benefits associated with the NGP.  To estimate 

gross benefits, MS multiplies the change in Canadian crude oil prices for each grade by 

the volume of corresponding crude grades.  In the MS (2012) reply evidence, gross 

benefits from the NGP equal $2.3 billion (2012 United States dollars or USD) in 2018 

and increase to $4.3 billion (2012 USD) in 2035.  The study then deducts the cost of 

higher feedstock costs for Canadian refineries and subtracts committed tolls on the NGP 

to estimate net benefits.  As a result, MS estimates net benefits of $1.2 billion (2012 

USD) in 2018 rising to $3.5 billion (2012 USD) in 2035 (Table 4.7).  The net present 

value (NPV) of the price benefit is estimated at $24 billion to 2035 based on a 5% 

discount rate. 

Table 4.7. ENGP Estimated Net Benefits of the NGP 

Study 
Summary of NGP Benefits (in billions) 

2016 2018 2020 2025 2030 2035 Total NPV 
MS (2010) in 2009 USD 1.47 2.23 2.49 3.34 n/a n/a 28 21 
MS (2012) in 2012 USD n/a 1.17 3.36 2.58 2.61 3.50 38 24 
Source: Compiled from MS (2010, p. 37; 2012, p. 50).  Note: NPV represents a 5% discount rate. 

As shown in Table 4.7, the original MS (2010) study and the MS (2012) reply 

evidence produce different results for the following reasons.  First, the MS (2010) study 

uses the period 2016-2025 whereas the MS (2012) study uses the period 2018-2035.  

Second, the 2010 study uses 2009 USD while the 2012 study uses 2012 USD.  Third, 

the MS (2010) study uses the 2009 CAPP Growth Forecast to estimate Western 

Canadian crude oil supply whereas the 2012 study uses the 2011 CAPP Growth 

Forecast.  The CAPP (2011) Growth Forecast shows higher supply in excess of 500 

kbpd by 2020 and 1,000 kbpd by 2025 compared to the 2009 Forecast (Table 4.3).  
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Fourth, the MS (2012) analysis incorporates rail and barge as potential shipment options 

for crude oil producers whereas the MS (2010) study only includes pipeline shipments.  

Fifth, the MS (2012) study includes updated network and capacity information for the 

North America crude pipeline system.  

4.3.2. Direct, Indirect, and Induced Economic Impacts 

Part of ENGP’s public interest justification for the NGP is that the project would 

generate positive economic impacts.  In Volume 2 of its regulatory application, ENGP 

includes an EconIA study by WM (2010) to estimate economic benefits from the NGP.  

Wright Mansell (WM) updates the 2010 EconIA study in its reply evidence submitted to 

the JR Panel in 2012.  

According to WM, the objective of the EconIA study is to evaluate the benefits of 

the NGP in terms of the need for the project and the Canadian public interest (WM 2010, 

p. 11).  The EconIA uses an input-output model from Statistics Canada to measure the 

macroeconomic impacts of the NGP on investment, labour income, GDP, employment, 

and government revenues over the 30-year operating life of the project.  The analysis 

estimates the direct macroeconomic benefits as well as indirect and induced multiplier 

effects that arise as a result of economic linkages.  The 2010 and 2012 WM studies rely 

on findings in the MS (2010; 2012) studies. 

WM claims that the NGP would provide economic benefits to oil producers from 

the expected increase in netback prices for all Canadian oil production, and benefits 

from reinvesting a portion of the increase in oil revenues into new energy production 

(WM 2010; 2012).  WM also maintains that oil producers would realize additional 

economic benefits from the NGP due to the diversification and option values provided by 

accessing new markets.  According to WM, accessing new markets where favourable 

conditions exist will increase economic stability by reducing the variability of oil 

producers’ net revenues because of the differences in profitability of sales and demand 

for oil between markets in Asia and the US (WM 2010; 2012).  There is no attempt to 

monetize diversification and option values in the analysis.  

WM uses two scenarios in the EconIA to evaluate benefits from construction and 

operation of the NGP.  The base case scenario assumes no NGP and assumes 
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Canadian oil exports (based on CAPP forecasts) flow through existing or expanded 

pipeline systems to the US market.  The NGP scenario assumes the same level of oil 

sands production as the base case but the NGP diverts a portion of Canadian oil exports 

from the US market to Northeast Asia based on data from the MS (2010; 2012) studies.  

According to WM, the difference between the NGP and base case scenarios are the 

expected economic benefits from the project. 

Although the summary in this section focuses on the WM (2012) study since it 

represents the latest information describing potential economic benefits from the NGP 

and addresses concerns raised by interveners, I describe methodological differences 

between the 2010 and 2012 WM studies to account for differences in the results of both 

studies (Table 4.8).  First, the two studies use different base currencies, exchange rates, 

and operating periods15.  Second, the WM (2010) study uses the Statistics Canada 

Interprovincial Input Output Model for 2005 whereas the WM (2012) study uses the Input 

Output Model from 2008.  Third, the 2010 WM study only includes direct and indirect 

impacts and omits induced impacts from the expenditures of labour income (with the 

exception of reinvestment associated with the oil price uplift), whereas the 2012 study 

includes direct, indirect, and induced effects.  Fourth, the WM (2010) study uses data 

from MS (2010) while the WM (2012) study uses data from MS (2012) reply evidence.  

Fifth, the 2010 WM study uses construction costs of $5.54 billion (2009 CAD) and 

annual operating and maintenance expenditures of $176 million16 (2009 CAD) whereas 

the 2012 study uses updated capital and operating costs of $6.39 billion (2012 CAD) and 

 
15  For base currencies, the 2010 study uses 2009 CAD whereas the 2012 study uses 2012 

CAD.  For exchange rates, the 2010 study uses an exchange rate of $1 CAD = $0.91 USD 
for 2010, which falls by $0.01 per year until 2015 and remains at $1 CAD = $0.85 USD in all 
subsequent years.  The 2012 study uses an exchange rate of $1 CAD = $1 USD for 2012, 
which falls to $0.98 in 2013, $0.96 in 2014, $0.95 in 2015 remains at $1 CAD = $0.95 USD in 
all subsequent years.  For operating periods, the 2010 WM study uses the period 2016-2046 
whereas the 2012 study uses the period 2019-2048. 

16  Note that operating costs of $176 million per year from WM (2010) differ from operating costs 
of $192 million identified by ENGP (2010) in Volume 6C.  Neither ENGP nor WM explain the 
discrepancy.  
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$341 million (2012 CAD), respectively17.  As a result, there are significant differences 

between the results of the 2010 and 2012 WM studies, particularly with regards to 

employment impacts.  The difference in employment impacts between the 2010 and 

2012 WM studies appears to be largely related to potential induced employment effects 

from reinvestment of the oil price uplift and subsequent production18. 

Table 4.8. Comparison of Estimated Canada-wide Economic Benefits of the 
NGP from the 2010 and 2012 WM Studies 

Impact 
Total Impacts in Canada (See Note) 

2010 WM Study 2012 WM Study 
Investment/Revenues 289,863 301,376 
Labour Income 48,066 69,948 
GDP 269,988 311,514 
Employment 557,987 907,067 
Source: WM (2010; 2012, p. 54).  Note: Impacts represent the sum of construction and operations over the 
NGP operating period.  Economic benefits from the 2010 WM study represent 2009 CAD whereas benefits 
from the 2012 study represent 2012 CAD.  Impacts from the 2010 WM study do not include induced effects.  
Employment represents person years.  

The EconIA from WM (2012) describes two main sources of the expected 

economic benefits of the NGP.  The first is the construction and operation of the NGP 

and the second is the oil price uplift.  According to WM, direct, indirect, and induced 

benefits associated with the oil price uplift represent the majority of economic benefits 

form the NGP in Canada (Table 4.9).  Indeed, the collection, reinvestment, and 

 
17  This estimate does not reflect the latest capital expenditures estimate of $7.9 billion (ENGP 

JRP 2013) 
18  In the 2010 WM study, direct and indirect employment associated with reinvestment of the 

price uplift is 275,551 whereas direct, indirect, and induced employment from reinvestment of 
the price uplift in the 2012 WM study is 473,263, an increase of 197,712 person years of 
employment.  Similarly, the 2010 WM study estimates direct and indirect employment 
associated with production from reinvestment of the price uplift of 221,136 whereas the 2012 
WM study estimates direct, indirect, and induced employment from production of 304,964, an 
increase of 83,828 person years of employment.  Combined these represent an increase in 
person years of employment of 281,540 or 81% of the difference in person years between the 
2010 and 2012 studies of 349,080. 
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production associated with the price uplift represents 90% of the estimated $301 billion 

in total investment and revenues related to the NGP, 89% of the $312 billion in GDP, 

92% of total government revenue, and 86% of the over 900,000 person years of 

Canada-wide employment.   

Table 4.9. Overview of Main Components of NGP Economic Benefits Estimated 
by ENGP 

Direct, Indirect, and 
Induced Impacts 

Impacts in Canada (in millions 2012 CAD and employment in person years) 
Construction and 
Operation of NGP 

Oil Price Uplift (Collection, 
Reinvestment, and Production) Total 

Investment/Revenues  31,325   270,052  301,376 
Labour Income  9,612   60,336  69,948 
GDP  34,009   277,505  311,514 
Total Govt Revenue  7,454   90,865  98,319 
Employment  128,841   778,227  907,067 
Source: WM (2012, p. 54; 62).  Note: Impacts represent the sum of construction and operations from 2015 
to 2048.  Economic benefits from the price uplift (not including reinvestment and production) represent only 
direct impacts since there are no indirect and induced impacts from increased revenues received by oil 
producers. 

Expected economic benefits associated with construction of the NGP would 

largely occur in BC and AB where the majority of investment occurs over the five-year 

construction period from 2015 to 2019 (Table 4.10).  Most of the $6.39 billion in capital 

costs would occur in BC (74%) and the province is expected to receive 57% of the 

predicted total $6.54 billion in GDP and 55% of the over 47,400 person years of 

employment from construction of the NGP.  WM expects a large portion of the remaining 

balance of economic benefits from construction to occur in AB and estimates Ontario 

and Québec would receive a comparatively smaller portion of the remaining benefits in 

the form of manufacturing and service purchases for the project.   
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Table 4.10. ENGP Estimated Economic Benefits from Construction of the NGP 

Direct, Indirect, and 
Induced Impacts 

Impacts (in millions 2012 CAD and employment in person years) 
BC AB Ont Qué Sask Other Canada 

Investment 4,730 1,663 0 0 0 0 6,393 
Labour Income 2,326 971 453 138 55 67 4,009 
GDP 3,710 1,683 718 217 99 113 6,539 
Total Govt Revenue 1,101 412 210 66 25 29 1,843 
Employment 26,148 10,608 6,478 2,192 826 1,161 47,413 
Source: WM (2012, p. 58).  Note: Impacts represent construction from 2015 to 2019.  

WM estimates that economic benefits from NGP operations would generate 

$24.9 billion in revenues, $27.5 billion in contributions to GDP, and over 81,400 person 

years of employment (Table 4.11).  WM assumes an operating period of 30 years 

beginning in 2019 and ending in 2048, while acknowledging that the NGP would likely 

continue to operate beyond its assumed life.  The majority of the benefits from 

operations would occur in BC given that the majority of the pipeline is located in the 

province.  WM anticipates that Ontario, Québec, and Saskatchewan would receive 

relatively few economic benefits from NGP operations over the 30-year operating period.  

Table 4.11. ENGP Estimated Economic Benefits from Operation of the NGP 

Direct, Indirect, and 
Induced Impacts 

Impacts (in millions 2012 CAD and employment in person years) 
BC AB Ont Qué Sask Other Canada 

Revenues 19,081 5,851 0 0 0 0 24,932 
Labour Income 4,287 624 472 147 20 53 5,603 
GDP 21,423 4,980 728 213 46 81 27,470 
Total Govt Revenue 4,576 693 233 73 11 25 5,611 
Employment 63,077 7,069 7,356 2,601 347 979 81,428 
Source: WM (2012, p. 59).  Note: Impacts represent operations from 2019 to 2048.  

According to WM, the oil price uplift described by MS (2010; 2012) would 

contribute significant economic benefits in the form of increased revenues for oil 

producers, GDP, and government revenues (Table 4.12).  WM claims that direct 

economic benefits of the price uplift alone would increase Canadian GDP by nearly $115 
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billion over the life of the NGP.  Oil producers in Alberta are predicted to receive $111.4 

billion or 97% of the producer revenue uplift, while BC would receive only 0.1% of 

benefits from the oil price uplift.  Since oil producers would collect the majority of the oil 

price uplift (government would collect a portion), WM does not expect the price uplift to 

directly generate additional employment or labour income across Canada nor does it 

expect that any benefits would accrue to Ontario or Québec.  

Table 4.12. Economic Benefits of the Oil Price Uplift Estimated by ENGP 

Source: WM (2012, p. 60).  Note: Impacts represent period from 2019 to 2048. 

WM expects oil producers to reinvest a portion of the price uplift generated from 

the NGP (Table 4.13).  To forecast future reinvestment of the oil price uplift, WM uses 

historical investment patterns in the oil and gas industry between 2007 and 2010 since, 

according to WM (2012, p. 61), the period is representative of the relationship between 

oil and gas exploration and development.  WM estimates that reinvestment of $48.4 

billion of the oil price uplift would contribute direct, indirect, and induced impacts of $53.1 

billion to Canadian GDP and over 473,000 person years of employment.  The majority of 

the benefits of the oil price uplift occur in Alberta. 

 

 

 

 

 

Direct Impacts 
Impacts (in millions 2012 CAD and employment in person years) 

BC AB Sask Other Canada 

Revenues 82 111,392 3,165 165 114,804 
GDP 82 111,392 3,165 165 114,804 
Total Govt Revenue 31 38,275 1,146 59 39,511 
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Table 4.13. ENGP Estimated Economic Benefits of Reinvesting the Oil Price 
Uplift  

Source: WM (2012, p. 62).  Note: Impacts represent period from 2019 to 2048. 

WM (2012) does not disclose the nature of the reinvestment of the oil price uplift. 

ENGP (2012) provided additional information on reinvestment activities in response to 

an information request from the Coastal First Nations.  According to ENGP (2012), 

induced production from reinvestment of the oil price uplift would result in both increased 

oil and natural gas production in BC, AB, Saskatchewan, and other provinces between 

2019 and 2048 (Table 4.14).  ENGP estimates that cumulative production induced from 

reinvestment of the oil price uplift would total 8.8 billion barrels over the 30-year 

operating period of the NGP, the majority of which would occur in AB and 

Saskatchewan.  On an annual basis, oil production associated with the oil price uplift 

ranges from nearly 37 kbpd in 2019 to almost 1.5 mbpd in 2048 or an annual average of 

about 806 kbpd over the 30-year period.  ENGP estimates that cumulative natural gas 

production induced by reinvestment of the oil price uplift would total 82,128 billion cubic 

feet or an annual average of 7,500 million cubic feet per day over the 30-year period. 

 

 

 

 

 

Direct, Indirect, and 
Induced Impacts 

Impacts (in millions 2012 CAD and employment in person years) 

BC AB Ont Qué Sask Other Canada 

Investment 10,652 29,051 0 0 6,294 2,421 48,419 
Labour Income 7,803 19,980 3,296 887 2,286 1,054 35,306 
GDP 11,393 29,256 5,221 1,434 3,958 1,850 53,112 
Total Govt Revenue 3,398 7,864 1,584 444 1,232 504 15,027 
Employment 117,114 237,165 50,486 15,974 34,691 17,833 473,263 
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Table 4.14. ENGP Estimated Cumulative Production from Reinvestment of the 
Oil Price Uplift   

Source: Calculated from ENGP (2012).  Note: Figures may not add due to rounding; Mmcf represents 
million cubic feet; Bcf represents billion cubic feet; bpd represents barrels per day. 

WM estimates that production resulting from reinvestment of the oil price uplift 

would create significant benefits across Canada if the NGP is built (Table 4.15).  

According to WM, the reinvested portion of the price uplift would contribute $109.6 billion 

to Canadian GDP and create nearly 305,000 person years of employment, which 

represent approximately one-third of total expected GDP and employment impacts 

created from the NGP.  WM estimates that the majority of economic impacts from 

production are expected to occur in AB.  Indeed, production impacts in AB represent 

56% of revenues, 55% of GDP, and 48% of person years of employment.   

Table 4.15. ENGP Estimated Economic Benefits of Production from 
Reinvestment of the Oil Price Uplift 

Direct, Indirect, and 
Induced Impacts 

Impacts (in millions 2012 CAD and employment in person years) 
BC AB Ont Qué Sask Other Canada 

Revenues 18,296 60,090 0 0 20,546 7,897 106,829 
Labour Income 3,886 14,819 2,558 733 2,336 698 25,030 
GDP 18,556 60,190 4,108 1,199 17,276 8,260 109,589 
Total Govt Revenue 6,144 20,601 1,291 378 6,043 1,869 36,327 
Employment 56,698 146,306 39,750 13,333 36,456 12,421 304,964 
Source: WM (2012, p. 62).  Note: Impacts represent period from 2019 to 2048.  

WM claims that the NGP would contribute nearly $312 billion to GDP and 

produce over 907,000 person years of employment from construction and operation, as 

Producing Region 
Oil Production Natural Gas Production 

Million bbl Avg Annual (bpd) Bcf Avg Annual (mmcf/day) 

Alberta  3,702  338,094   52,513  4,796  
British Columbia  385   35,135   29,617  2,705  
Saskatchewan  3,629  331,444  n/a n/a 
Other  1,109  101,322  n/a n/a 
Total  8,825  805,935   82,128  7,500  
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well as the oil price uplift received by oil producers, its reinvestment and subsequent 

production (Table 4.16).  In terms of distributional impacts, the province of AB is 

expected to receive the majority of total benefits from the NGP.  Indeed, 69% of 

investment/revenues, 67% of GDP and nearly half of the employment generated from 

the NGP would occur in AB.  WM concludes from its EconIA that the NGP would 

generate “large and widely-distributed positive economic impacts in Canada” (WM 2012, 

p. 63).   

Table 4.16. ENGP Estimated Overall Economic Benefits of the NGP  

Source: WM (2012, p. 54).  Note: Impacts represent the sum of construction and operations from 2015 to 
2048.  

4.3.3. Public Interest and Net Social Benefit  

The EconIA in Public Interest Benefits of the Enbridge Northern Gateway 

Pipeline Project from WM (2010) in Volume 2 of the regulatory application estimates 

gross economic benefits of the NGP without discussion of any potential environmental 

and social costs and opportunity costs of labour and capital.  Interveners (Allan 2012; 

Gunton and Broadbent 2012a) submitted evidence identifying concerns over these 

issues and others associated with the EconIA, and WM (2012) prepared a CBA of the 

NGP in its reply evidence responding to intervener submissions.    

The objective of the WM CBA study is to measure the net benefits of the NGP 

and determine whether the project is in Canada’s interest (WM 2012, p. 66).  WM uses a 

national perspective in its CBA and thus measures the costs and benefits of the project 

within Canadian borders.  The CBA only evaluates the NGP and does not consider 

alternative approaches to transporting WCSB oil to market.  The authors use a 30-year 

Direct, Indirect, and 
Induced Impacts 

Total Impacts (in millions 2012 CAD and employment in person years) 

BC AB Ont Qué Sask Other Canada 

Investment/Revenues 52,841 208,047 n/a n/a 30,006 10,483 301,376 
Labour Income 18,302 36,394 6,778 1,904 4,697 1,872 69,948 
GDP 55,163 207,501 10,774 3,063 24,544 10,468 311,514 
Total Govt Revenue 15,251 67,846 3,319 960 8,457 2,486 98,319 
Employment 263,037 401,147 104,069 34,099 72,320 32,395 907,067 
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life of the project beginning in 2019 and use a default discount rate of 8% in the base 

case.  

The principal benefits included in the WM CBA are the predicted higher prices 

earned by WCSB oil producers (defined as the oil price uplift) and the toll revenue 

received by Enbridge.  The principal costs are capital and operating costs of the NGP, 

costs of surplus capacity in the pipeline system caused by building the NGP, and 

environmental costs.  The environmental cost estimates, primarily related to potential oil 

spills and GHG emissions, are estimated to be NPV $122 million compared to the 

benefits of higher oil prices estimated at NPV $23.7 billion.  Overall WM concludes that 

the NGP generates net benefits of $23.5 billion under base case assumptions (Table 

4.17).  The positive net benefit result is driven by the assumed price uplift such that 

without the price uplift benefit, the WM CBA concludes that the NGP imposes an overall 

net cost of NPV $209 million.  I discuss each component of the WM CBA in further detail 

below. 
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Table 4.17. Results of the Cost Benefit Analysis for the NGP Estimated by ENGP 

Source: WM (2012 p. 88).  Note: Revenue of ($527) million represents revenue less investment and 
operating costs before interest payments and after taxes. Sensitivity 1: No oil price uplift; Sensitivity 2: Oil 
price uplift halved and only for 5 years; Sensitivity 3: Double costs and half benefits, only 5 years of oil price 
uplift; Sensitivity 4: Double costs and half benefits, only 5 years of oil price uplift, and NGP not needed until 
2024; Sensitivity 5: Oil spill costs set high enough to offset all other benefits in base case.  

First, the CBA measures direct cash flows for both the oil and condensate 

pipelines.  According to (WM 2012, p. 68), investment and operating costs as well as 

tolls paid by shippers create property taxes of $427 million for local governments and 

income taxes of $387 million for provincial and federal governments.  The authors use a 

Cost of Service model to estimate cash flows from the NGP, although they do not 

 NPV at 8% (in millions 2012 CAD) 

Components of CBA Base Sens. 1 Sens. 2 Sens. 3 Sens. 4 Sens. 5 

Direct Cash Flow from Project 
Revenue  (527) (527) (527) (1,053) (1,053) (527) 
Property taxes 427 427 427 427 427 427 
Income taxes 387 387 387 387 387 387 

Adjustment for reducing unemployment 41 41 41 37 37 41 
Cost from reduced volume on Mainlines (416) (416) (416) (831) (831) (416) 
NGP not needed 0 0 0 0 (2,611) 0 
Canadian Oil Price Uplift 

to private sector 17,851 0 3,090 3,090 3,090 17,851 
to governments 9,367 0 1,622 1,622 1,622 9,367 
cost to Canadian refineries (3,476) 0 (851) (851) (851) (3,476) 

Environmental Impacts: Possible Clean up and Damages 
Other (9) (9) (9) (9) (18) (18) 
Greenhouse Gases (32) (32) (32) (32) (63) (63) 

Oil Spills: Possible Clean up and Damages 
Onshore (pipeline) (22) (22) (22) (45) (45) (6,485) 
Marine Terminal (3) (3) (3) (7) (7) (981) 
Offshore (tanker) (56) (56) (56) (112) (112) (16,149) 

Total Net Benefit 23,533 (209) 3,651 2,582 (29) 0 
Overall Social Rate of Return 32.8% 7.6% 17.6% 11.4% 8.0% 8.0% 
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disclose the parameters of the model, data used to estimate cash flows, or any 

assumptions or simplifications required for their calculations. 

Second, the WM CBA adjusts employment benefits for those employees hired by 

the NGP that would otherwise be unemployed.  WM assumes that 5% of labour required 

for construction and operation would otherwise be unemployed and also assumes that 

an otherwise unemployed worker has a zero social cost.  These assumptions result in an 

employment benefit of $41 million over the life of the project. 

Third, WM accounts for redirecting oil shipped on pipelines from the US market 

to markets in Asia as a result of the NGP.  According to the WM CBA, building the NGP 

would result in unused or surplus capacity that generates a cost in the form of lost 

revenues to main oil export pipelines (WM 2012, p. 74).  WM relies on the updated MS 

(2012) report to estimate surplus capacity but does not provide the data on surplus 

capacity by year or the basis for the cost estimate of $416 million over a seven year 

period (2019-2025).  Further, the MS report provides limited information on pipeline 

capacity utilization, which makes it difficult to evaluate the assumptions used and the 

validity of the surplus capacity forecast.  

Fourth, the CBA includes an oil price uplift that the authors claim would arise 

from shipping oil to Asia.  According to WM, the NGP generates a $27.2 billion price 

uplift in present value terms over the life of the project (WM 2012, p. 88).  The net price 

uplift generated by the project is NPV $23.7 billion when increased refinery feedstock 

costs of $3.5 billion are deducted from the gross price uplift.  The two recipients of the 

price uplift are private sector oil producers, who receive 66% or NPV $17.8 billion of the 

gross oil price uplift, and governments that receive approximately 34% or NPV $9.4 

billion in the form of royalties and taxes.  Without this benefit, the WM CBA shows that 

the NGP imposes a net cost to Canada of NPV $209 million (WM 2012, p. 88).  The WM 

CBA relies on MS (2012) for the price benefit estimate, which I describe in section 4.3.1.  

MS estimates a price uplift between 2018 and 2035 of between $2 and $3 per bbl 

primarily on heavy crude oil when oil is $100 per bbl.  WM extends the price uplift 

increase provided by MS from 2036 to 2048 without any evidence or analysis to support 

the extension.   



 

91 

Fifth, WM includes environmental impacts in the form of GHG emissions and loss 

of ecosystem goods and services (EGS) from construction of the pipeline.  WM 

estimates GHG costs of NPV $32 million by multiplying GHG emissions from the NGP 

by the per-unit cost for emission offsets.  WM estimates the cost of incremental GHG 

emissions from the project based on the average price for carbon offsets in BC and 

Alberta of $20 per tonne of carbon dioxide equivalent (tCO2e).  WM estimates total 

emissions of 100,000 tCO2e during construction and 200,000 tCO2e during operations 

based on fuel use during the construction phase, pipeline and marine terminal 

operations, and tanker operations within Canadian waters.  WM derives EGS damage 

costs from Anielski (2012) to estimate an annual cost of $1.4 million, which results in a 

NPV of $9 million discounted at 8% over a 30-year period.  The Anielski study estimates 

EGS values for water regulation, erosion control, waste treatment, food production, and 

genetic and cultural resources, among others, in forests, wetlands, and grasslands from 

studies estimating EGS in Canada’s boreal ecosystems.  The Anielski study assesses 

EGS losses within a 50-metre corridor that includes 25 metres of pipeline right-of-way 

and 25 metres of workspace for construction of the pipeline. 

Sixth, the WM CBA estimates clean up and damage costs associated with 

pipeline, tanker, and terminal spills from the NGP (Table 4.18).  To estimate spill costs in 

its CBA, WM multiplies the annual probability of a spill by the size of an average spill by 

the per-bbl spill cost for tanker, terminal, and pipelines.  The result is total expected 

annual spill costs of NPV $81 million inclusive of onshore pipeline costs of NPV $22 

million, terminal spill costs of NPV $3 million, and offshore tanker costs of NPV $56 

million.  I describe spill data in further detail below.   
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Table 4.18. Comparison of NGP Spill Data Estimated by ENGP 

Characteristics Tanker Spill Terminal Spill Oil Pipeline Rupture Oil Pipeline Leak 
Spill Size (bbl) 56,700 1,575 14,099 594 
Return Period (years) 250 61 239 4 
Annual Probability 0.004 0.0164 0.0042 0.249 
Clean up Costs (per bbl) $15,000 $11,000 $4,000 $9,000 
Damage Costs (per bbl) $22,500 $9,000 $10,170 $808 
Source: WM (2012, p. 77).   

For tanker spills, WM uses the mitigated annual spill probability of 0.004 per year 

and the average spill size of 56,700 bbl estimated in the Marine Shipping QRA 

completed by Brandsæter and Hoffman (2010).  WM estimates tanker spill clean up 

costs of $15,000 per bbl and environmental and socioeconomic costs of $22,500 per bbl.  

To estimate clean up and damage costs, WM relies on studies from Kontovas et al. 

(2010) and Psarros et al. (2009) that examine tanker spill cost data from the 

International Oil Pollution Compensation Fund (IOPCF) over the period 1979-2006.  

Environmental and socioeconomic costs of $22,500 per bbl reflect a multiplier of 1.5, 

which is the ratio of environmental and socioeconomic costs to clean up costs from 

Kontovas et al. (2010).  Total per-bbl spill costs of $37,500 result in total tanker spill 

costs of $8.5 million per year or $56 million in present value terms over the 30-year 

operating period.  WM claims that spill costs are conservative since they represent an 

upper bound estimate that incorporates some of the public safety concerns and risks 

associated with the project.  WM does not include passive use values among damage 

costs from a tanker spill.  

For marine terminal spills, WM uses an annual mitigated spill probability of 

0.0164 and a spill size of 1,575 bbl obtained from the Marine Shipping QRA.  For the 

cost component of the equation, WM estimates average clean up costs of $11,000 per 

bbl for a 1,575 bbl spill, which represents the midpoint of the range of spill clean up costs 

of $7,640 to $14,440 per bbl from a study entitled Modeling Oil Spill Response and 

Damage Costs by Etkin (2004).  To estimate environmental costs of $9,000 per bbl, WM 

(2012, p. 135) relies on IOPCF cost data and a multiplier of 0.85 that corresponds to a 

1,575 bbl spill.  The ratio of 0.85 for environmental costs to clean up costs appears to be 
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sourced from a Transport Canada study entitled Synopsis Report – Environmental Oil 

Spill Risk Assessment for the South Coast of Newfoundland, although WM does not 

specifically reference the source of the ratio.  Combined, the clean up and environmental 

costs of a terminal spill are $20,000 per bbl, which results in annual expected costs of 

$0.5 million and a NPV of $3.4 million over 30 years. 

For pipeline spills, the WM CBA estimates spill probabilities, spill volumes, and 

costs for four different types of spills.  WM uses annual spill probabilities and volumes 

based on the WorleyParsons (2012) Pipeline SQRA, spill clean up and environmental 

cost data from Etkin (2004), and EGS damage cost data from Anielski (2012) for 

environmental costs of a spill (see Table 4.19 for data).  The two types of pipeline spills 

evaluated, i.e. leaks and ruptures, differ according to spill size, in that full-bore pipeline 

ruptures spill significantly more hydrocarbons per spill event.  WM (2012, p. 136) states 

that condensate spills are less persistent than dilbit spills and thus typically cost less to 

clean up on a per-unit basis. 

Table 4.19. Estimated Spill Data for NGP Pipelines Spills 

Pipeline Spill Type Spill Size 
(bbl) 

Annual Spill 
Probability 

Spill Cost per bbl (2012 CAD) 
Clean up Environmental Total 

Oil Leak 594 0.249 $9,000 $808 $9,808 
Oil Rupture 14,099 0.0042 $4,000 $10,170 $14,170 
Condensate Leak 593 0.248 $5,000 $806 $5,806 
Condensate Rupture 5,183 0.0037 $4,000 $10,170 $14,170 
Source: WM (2012).   

WM completes a sensitivity analysis for five different scenarios that results in a 

range in total NPV values of ($209) million to $3.65 billion based on a discount rate of 

8% (Table 4.17).  The first sensitivity assumes that there is no price uplift from the NGP, 

which results in a cost of NPV $209 million.  The second sensitivity assumes a smaller 

oil price uplift for a shorter period of time whereby the oil price uplift is 50% over a five-

year period after which it disappears.  The net benefit under this scenario is $3.65 billion.  

The third sensitivity results in a NPV of $2.58 billion by doubling all costs, halving 

benefits, and similar to the second sensitivity, reducing the oil price uplift by 50% for five 

years.  The fourth sensitivity adds an additional assumption to the scenario in sensitivity 
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3 and assumes the NGP is not needed until 2024 due to excess capacity created by the 

project.  The result of the fourth sensitivity scenario is a NPV of ($29) million.  In the fifth 

sensitivity analysis, WM sets spill costs high enough to offset all other benefits in the 

base case in order to produce a NPV of $0.  This sensitivity scenario results in pipeline 

spill costs of $6.5 billion, terminal spill costs of $981 million, and tanker spill costs of 

$16.1 billion. 

Based on the findings of its CBA, WM (2012, p. 15-16) concludes that the NGP is 

a net social benefit from the national Canadian perspective due to the large net benefits 

that the authors claim are highly likely to occur.  The authors further claim that the CBA 

results are robust since the sensitivity cases cover a wide range of parameter values 

(WM 2012, p. 15). 

4.4. Summary of Evidence 

In its section 52 regulatory application submitted to the JR Panel in 2010, ENGP 

concludes that the NGP is needed and in the public interest because Asia represents a 

potential growth market for Canadian crude oil and the NGP generates significant and 

widespread economic benefits (ENGP 2010, Vol. 2 p. 1-13-1-14).  In 2012, ENGP 

submitted updates to its original evidence and a CBA that portrayed the NGP as a net 

social benefit to Canadians.  Taken as a whole, evidence submitted by ENGP to support 

its argument that the NGP is needed and in the public interest under the NEBA includes: 

•   Potential market demand for Western Canadian crude in Asia of up to 2.2 
mbpd and strong projected growth in oil demand throughout this region 
compared to the US; 

•   Support from 10 funding participants contributing $100 million to the NGP 
regulatory process submitted as evidence of confidence in the project and 
demonstrating its market support and commercial viability; 

•   A predicted increase in netbacks for all Canadian oil producers as a result of 
higher oil prices in Asia, a northward shift in the market-clearing point from 
the US Gulf Coast to the Midwest, and a reduced reliance on more costly 
transportation modes such as rail and barge to ship WCSB oil; 

•   Canada-wide economic impacts estimated to increase GDP by over $311 
billion, increase employment by 907,000 person years, and increase 
government revenue by $98 billion; and 
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•   Net social benefits from the Canadian perspective estimated at $23.5 billion 
over the 30-year life of the project.   
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5. Evaluation of NGP Regulatory Application 
Under the National Energy Board Act 

5.1. Introduction 

This chapter evaluates the evidence in the NGP regulatory application related to 

NEBA legislative criteria that decision-makers must use in their assessment of the 

project.  I begin with an overview of the methods and data I use to evaluate the NGP 

application.  I then evaluate whether evidence in the NGP application provides adequate 

information to decision-makers applying the NEBA project approval criteria.  After the 

evaluation I discuss the findings and identify the limitations of my analysis. 

5.2. Methods and Data 

The objective of the evaluation in this chapter is to examine whether evidence in 

the NGP regulatory application represents the best possible information and analysis to 

inform a sound decision about whether the project is needed and in the public interest as 

required under the NEBA.  There are two major steps in the methodological approach to 

achieve this research objective.  The first step identifies criteria that decision-makers 

must consider in their evaluation of major pipeline projects under the NEBA.  Section 52 

of the NEBA requires the NEB to consider the following factors in making its decision 

about whether to issue a Certificate of Public Convenience and Necessity:  

(a) the availability of oil, gas, or any other commodity to the pipeline; 

(b) the existence of markets, actual or potential; 

(c) the economic feasibility of the pipeline; 

(d) the financial responsibility and financial structure of the applicant, the 
methods of financing the pipeline and the extent to which Canadians will 
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have an opportunity to participate in the financing, engineering and 
construction of the pipeline; and 

(e) any public interest that in the Board’s opinion may be affected by the 
issuance of the certificate or the dismissal of the application (NEBA 
R.S.C. 1985, c. N-7, s. 52). 

I synthesize the NEBA legislative criteria for project approval cited above into two 

criteria, namely project need and public interest (Table 5.1).  In terms of project need, a 

proponent must demonstrate the availability of oil (i.e. supply) to support the use of the 

pipeline, the existence of transportation contracts between shippers and the pipeline 

proponent that provide sufficient demand and revenue to justify the project, and the 

existence of markets (i.e. demand) for the incremental volume of oil transported on the 

pipeline (NEBA; NEB 2013a p. 4A-69).  The NEBA does not define the term public 

interest in legislation and thus I determine evaluative criteria for the public interest 

according to the definition in Pipeline Regulation in Canada: A Guide for Landowners 

and the Public published by the NEB, which states that:  

The public interest is inclusive of all Canadians and refers to a balance of 
economic, environmental, and social interests that change as society’s 
values and preferences evolve over time. The Board estimates the overall 
public good a project may create and its potential negative aspects, 
weighs its various impacts, and makes a decision (NEB 2010, p. 1). 

Based on this definition of the public interest, the NEB must estimate relevant 

economic, environmental, and social costs and benefits to Canadians of a proposed 

project.  Further, the NEB must explicitly identify the trade-offs of a proposed project in 

order to weigh the positive and negative impacts and make a decision on the overall 

public interest. 
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Table 5.1. Evaluative Criteria for Project Approval Under the NEBA 

Criterion Description of Information and Analysis Required for a Sound Decision 

Project  
Need 

A supply and demand analysis for the pipeline provides the best available information to 
enable a sound decision of the need for pipeline capacity  

Public  
Interest 

All relevant economic, environmental, and social costs and benefits to Canadians are 
estimated using the best available information and analysis to facilitate a rational 
assessment of public interest impacts 
Information is presented in a manner that facilitates the identification of trade-offs among 
the various impacts to enable a reasoned judgment of whether there is a net benefit 

Source: Compiled from NEBA; NEB (2010); NEB (2013a).  

Second, I use the evaluative criteria to examine whether the NGP regulatory 

application adequately assesses if the project is needed and in the public interest as 

required under the NEBA.  My evaluation of the NGP regulatory application uses the 

evaluative criteria in Table 5.1 to provide a framework for organizing the discussion of 

weaknesses in the application that may reduce the quality of information provided to 

decision-makers.  To evaluate the NGP application, I rely on the documents reviewed in 

Chapter 4 summarizing the methods and information that ENGP uses in its regulatory 

application to determine the project need and public interest.  Thus my analysis relies on 

Volume 2 of the NGP application, including the original studies entitled Market Prospects 

and Benefit Analysis for the Northern Gateway Project by Muse Stancil (MS 2010) and 

Public Interest Benefits of the Enbridge Northern Gateway Pipeline Project by Wright 

Mansell (WM 2010) that includes an EconIA of the NGP.  My analysis also uses updated 

evidence from MS (2012) and WM (2012) submitted to respond to concerns identified by 

project interveners. 
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5.3. Evaluation of NGP Need and Public Interest 

5.3.1. Project Need 

Criterion: A supply and demand analysis for the pipeline provides the best 
available information to enable a sound decision of the need for pipeline capacity. 

1. Incomplete supply/demand analysis to justify the need for the NGP 

As discussed in detail in section 4.2 of this dissertation, Volume 2 of the NGP 

regulatory application and the Market Analysis from MS (2010; 2012) justify the need for 

the NGP by forecasting an increase in WCSB oil production that will require new pipeline 

capacity to transport oil to markets.  ENGP relies on analyses of oil markets completed 

by MS (2010; 2012), which use CAPP crude oil supply forecasts showing projected 

increases in WCSB oil production and analyze the growth in Asian oil consumption, 

refinery capacity and transportation costs.  MS (2010; 2012) estimate that the Asia 

market can absorb between 1.75 and 2.2 mbpd of WCSB exports and therefore predict 

that there is ample supply and demand to justify the 525 kbpd supplied by the ENGP.  

ENGP concludes that the NGP is needed due to fact that there are “… large oil sands 

supply volumes through 2018 because of significant global demand for oil and steadily 

rising oil prices. New markets and pipeline capacity to supply them will be needed to 

support this growth” (ENGP 2010, Vol. 2 p.1-5). 

The MS (2010) analysis that ENGP uses to determine the need for the NGP has 

several major deficiencies.  First, the MS (2010) Market Analysis is highly aggregated 

and does not show specific refineries, their capacities, and locations capable of refining 

WCSB oil.  Given the characteristics of the product shipped (i.e. heavy oil) it is important 

to identify the specific refineries that have the appropriate configuration for processing 

bitumen.  In its reply evidence, MS (2012) provides additional information on refinery 

capacities and locations in Asia although there is no specific information provided about 

each refinery’s capability and capacity to process heavy oils such as bitumen.  Second, 

although ENGP includes both oil production forecasts and pipeline capacity estimates, 

neither ENGP nor MS (2010) compares the forecast production with pipeline capacity to 

document the need for the NGP.  To justify the need for the NGP, a more detailed 

assessment is required that examines existing and forecast pipeline capacity utilization.  
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ENGP’s failure to complete a detailed supply/demand analysis is therefore a major 

deficiency in its application. 

2. Supply/demand analysis shows NGP capacity is not needed to meet WCSB 
production 

The previous section identifies the lack of supply/demand analysis in the NGP 

regulatory application to demonstrate the need for the project.  In this section I complete 

a supply/demand analysis based on the MS (2012) study.  In doing so, I make several 

adjustments to the MS study to address clear omissions.  The results of my revised 

analysis show that NGP pipeline capacity is not needed.  

The first adjustment to the MS (2012) study incorporates planned pipeline 

capacity expansions that were omitted from the analysis.  The MS (2012) study excludes 

several capacity expansions that were announced around the time of preparing its 2012 

reply evidence.  To forecast export capacity exiting the WCSB, the MS study includes 

several proposed projects that: (1) had no application before the NEB; (2) had an 

application under review by the NEB; or (3) had recently been approved by the NEB.  

These projects include the expansion of the Enbridge Clipper from 450 kbpd to its 

maximum design capacity of 800 kbpd, even though the NEB only approved increasing 

capacity to 570 kbpd (Enbridge 2013a), the Keystone XL that was approved by the NEB 

but has yet to receive approval from the US government19 and various rail and port 

expansion projects to the west coast for which there are no applications submitted to the 

NEB.  However, MS excludes several proposed projects20 from its analysis that meet its 

criteria of having no application before the NEB, including:  

 
19  The US State Department responsible for reviewing the Keystone XL announced in April 

2014 that it is extending the government comment period, which will likely postpone a final 
decision on the project until November 2014 (CBC 2014). 

20  As of spring 2014, the Enbridge Line 9B reversal and expansion project has been approved 
by the NEB (NEB 2014), while TransCanada has filed a project description of the Energy 
East project with the NEB and Kinder Morgan has filed its section 52 application for the Trans 
Mountain expansion with the NEB. 
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•   Incremental capacity of 300 kbpd from reversing Enbridge Line 9B;  

•   The 625 kbpd TransCanada Energy East pipeline that was later increased to 
1.1 mbpd; and  

•   Expansion of the Kinder Morgan Trans Mountain pipeline of 450 kbpd that 
was subsequently increased to 590 kbpd in incremental capacity (CAPP 
2012; 2013).   

Collectively these projects represent an additional 1.375 mbpd in potential 

pipeline capacity excluded from the analysis and all of these projects have an in-service 

date before or at the same time as the NGP (CAPP 2013).     

The second adjustment to the MS (2012) study addresses the low capacity 

estimates for the Keystone and Keystone XL pipelines that MS uses in the analysis.  MS 

(2012, p. 21) uses a capacity assumption of 910 kbpd for the Keystone pipeline system 

(including Legacy Keystone and Keystone XL) but CAPP (2012, p. 22) states that the 

Keystone system includes 591 kbpd for Legacy Keystone plus 830 kbpd for Keystone XL 

for a total of 1,421 kbpd21.  The difference between the CAPP and MS capacity 

estimates for Keystone XL is 511 kbpd, a volume similar to the pipeline capacity for the 

NGP.  Therefore adjusting the MS (2012) study for actual Keystone XL capacity and 

pipeline projects excluded from the assessment shows that the NGP is not needed until 

at least after 2035 due to surplus capacity up to and including that year (Table 5.2).  

Further, these estimates are conservative since the capacity estimates for the Trans 

Mountain Expansion and TransCanada Energy East projects represent capacities 

announced at the time of the MS (2012) study and have since increased by 615 kbpd for 

both pipelines.  Updating the MS (2012) analysis to include the most recent capacity 

estimates would further delay the need for NGP capacity suggesting that the NGP would 

not be needed until well after 2035.  The large number of potential projects and the 

 
21  The lower Keystone XL pipeline capacity estimate in the MS study is likely based on the 

volume of contracted shipments and the assumption that there are no spot shipments to the 
US Gulf Coast because of the expense to crude oil suppliers.  However, this assumption is 
incorrect since MS assumes that producers would ship crude oil to the US Gulf Coast via rail, 
which according to MS (2012) is a more expensive transportation mode than by pipeline. 
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potential for creating surplus pipeline capacity demonstrate the importance of completing 

a comprehensive pipeline supply/demand analysis to assess the need for the NGP.  

Table 5.2. Oil Pipeline Supply and Demand Balance based on MS (2012) (kbpd) 

 2018 2020 2025 2030 2035 
Crude Oil Supply (MS 2012) 3,469 3,923 4,702 5,144 5,699 
Current Capacity (MS 2012) 3,141 3,594 3,904 3,974 4,005 

Surplus/Deficit (328) (329) (798) (1,170) (1,694) 
Keystone XL (Incremental) 511 511 511 511 511 

Surplus/Deficit +183 +182 (287) (659) (1,183) 
Enbridge Line 9B Reversal 300 300 300 300 300 
Trans Mountain Expansion 450 450 450 450 450 
TransCanada Energy East 625 625 625 625 625 

Surplus/Deficit +1,558 +1,557 +1,088 +716 +192 
% Capacity Use 69% 72% 81% 88% 97% 
Source: Computed from CAPP (2011; 2012); MS (2012).  Note: I adjust the crude oil supply from MS (2012) 
to incorporate intra-Western Canada refinery consumption of 543 kbpd (see footnote 68). Capacity 
estimates for the Trans Mountain Expansion and TransCanada Energy East projects represent capacities at 
the time MS (2012) prepared its analysis.  The most recent capacity numbers for the Trans Mountain 
Expansion (590 kbpd) and TransCanada Energy East (1.1 mpbd) projects would further increase pipeline 
capacity by 615 kbpd. 

3. ENGP’s own analysis demonstrates that the NGP is not needed to meet WCSB 
production 

Although MS (2010; 2012) did not complete a supply/demand analysis, the 

Benefits Analysis prepared by MS (2010) actually demonstrates that the NGP is not 

needed.  In its analysis, MS runs two scenarios: one with the NGP and one without.  In 

the NGP scenario, WCSB exports are shipped to markets in Asia and the US.  In the 

scenario without NGP, WCSB exports are shipped to the US market only.  The results of 

the scenario without the NGP indicate that there will be sufficient pipeline capacity to 

transport WCSB exports to the US on the Keystone system (including Keystone XL) and 

Enbridge Clipper expansion and that the US market is capable of absorbing all WCSB 

exports (see Table 4.5).  Forecast production in the WCSB is unaffected by the decision 

to build or not build the NGP.  Therefore MS contradicts its own findings that NGP 
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capacity is required by suggesting that the NGP is not needed to meet forecast WCSB 

export demand during the forecast period to 2025.   

Reply evidence from MS (2012) shows similar results as MS (2010).  MS (2012) 

uses the CAPP (2011) supply forecast in its analysis instead of the CAPP (2009) 

forecast that shows higher supply of over 500 kbpd by 2020 and beyond.  The MS 

(2012) study includes increased exports to Asia via the west coast with and without the 

NGP instead of assuming that the US market absorbs all of the WCSB supply.  

However, MS (2012) still shows that not building NGP will just impact prices and ultimate 

market locations, and not impact WCSB production.  Thus, sufficient transportation 

capacity will be available without the construction of the NGP.  MS (2012) does not 

clearly indicate when existing pipeline capacity will be used up because it adds rail 

capacity and does not provide detailed data on available capacity by year relative to 

exports.  The figures provided by MS show, however, that there is surplus capacity on 

the pipeline system without the NGP.  

Furthermore, as discussed in the previous section, MS underestimates capacity 

for the Keystone pipeline system (including Legacy Keystone and Keystone XL) 

pipelines by 511 kbpd based on capacity estimates in CAPP (2012).  Therefore the MS 

analysis shows that that NGP is not needed despite using lower capacity estimates for 

the Keystone pipeline system.  Moreover, including the full 1,421 kbpd of pipeline 

capacity for the Keystone system in the MS model would further delay the need for the 

NGP. 

4. Supply estimates do not assess risks in supply forecasts and rely on CAPP 
Crude Supply Forecasts that overestimate supply 

Another deficiency of the MS (2010) analysis used to justify the need for the NGP 

is its reliance on CAPP supply forecasts that consistently overestimate future crude oil 

production.  Indeed, CAPP acknowledges that its forecast methodology reflects an 

optimistic outlook with the intention of not being too conservative.  CAPP claims that the 

costs associated with a small amount of surplus pipeline capacity are preferable to a 

decrease in revenue from shut-in production resulting from inadequate pipeline capacity 

(CAPP 2006).   
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 A line graph of CAPP forecasts from 2000 to 2009 is obtained from the NGP 

regulatory application (Figure 5.1)22.  Comparing forecasted data points on this graph 

with actual production suggests that the CAPP forecasts consistently overestimate future 

supply.  For example, actual crude oil production in 2010 was 2,673 kbpd according to 

CAPP (2012) or upwards of 500 kbpd less than the 2006 CAPP forecast (Figure 5.1).  

Similarly, actual production of 2,513 kbpd in 2009 (CAPP 2011) was approximately 500 

kbpd lower than the 2001 CAPP forecast depicted in Figure 5.1.  Other annual CAPP 

forecasts in Figure 5.1 overestimate actual crude oil production by hundreds of kbpd. 

Figure 5.1.  CAPP Production Forecasts from 2000 to 2009 

 
Source: ENGP (2010, Vol. 2 p. 1-4). 

 
22  Note that it is not clear whether the line graph displaying CAPP forecasts represents 

production or supply.  The figure heading in the NGP application (ENGP 2010, Vol. 2 p. 1-4) 
states production but the section is entitled supply.  Crude oil production is lower than crude 
oil supply because supply estimates include diluent blending required to ship heavy crudes to 
market. 
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The regulatory application for the Enbridge Clipper pipeline further illustrates the 

systematic upward bias characteristic of the CAPP methodology forecasting crude oil 

supply.  MS (2007) prepared a 2007 study entitled Market Assessment for the Alberta 

Clipper Project, submitted to the NEB to provide evidence for the need for Enbridge 

Clipper expansion capacity.  The Market Assessment relies on the 2006 CAPP crude oil 

supply forecast that is accessible via the NEB public registry.  A comparison of the 2006 

CAPP crude oil supply forecast with actual supply in 2010 and 2011 shows that the 2006 

CAPP forecast used by MS in its 2007 assessment was excessively high (Table 5.3).  

The MS (2007) Market Assessment based on the higher 2006 CAPP forecast concluded 

that there would be shut-in of 60 kbpd of WCSB oil by 2011 and an increasing amount of 

shut-in thereafter if the Enbridge Clipper was not approved23.  In reality, however, this 

forecast shut-in did not occur since the 3,708 kbpd of crude oil supply forecasted by 

CAPP (2006) exceeded actual 2011 supply by 790 kbpd and there was consequently 

significant excess pipeline capacity in 2011 of approximately 1,055 kbpd24.  This large 

forecasting error is observed over a period of seven years and thus raises doubts about 

the longer-term forecasting capabilities of the CAPP crude oil supply forecast decades in 

the future.   

Reliance on overly optimistic forecasts such as CAPP without undertaking a risk 

assessment on forecast reliability has the potential to result in high costs of unused 

pipeline capacity if unnecessary pipeline projects are constructed.  Enbridge expressed 

this concern during the Keystone XL regulatory review process and claimed that 

Keystone XL would create “unnecessary and unprecedented” excess pipeline capacity 

to US markets that would cause offloading on the Enbridge system thus increasing tolls 

for Enbridge shippers (Enbridge 2009, p. 5-6).   

 
23  The NEB approved the Alberta Clipper pipeline in 2008 (NEB 2008). 
24  Estimated based on crude oil pipeline capacity exiting the WCSB of 3,486 kbpd from CAPP 

(2011), market demand for WCSB oil in western Canada of 577 kbpd (CAPP 2012), 55 kbpd 
delivered to the Chevron refinery, and 33kbpd in net refined products delivered to Vancouver 
on the Kinder Morgan Trans Mountain system. 
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Table 5.3. CAPP Crude Oil Supply Forecast Versus Actual and Revised 
Forecast Supply 

CAPP Supply 
Forecast 

Crude Oil Supply by Year (kbpd) 
2010 2011 2015 

2006 Forecast 3,277 3,708 4,493 
2011 Forecast 2,700 2,822 3,549 
2012 Forecast 2,673 2,918 3,890 
Source: CAPP (2006; 2011; 2012). Note: Bold represents actual supply. 

Potential risk factors underlying the crude oil supply forecasts are a significant 

factor that must be incorporated into the need assessment.  CAPP (2006) identifies the 

types of risk factors that need to be taken into account in assessing supply in its 2006 

supply forecast.  The risk factors include: (1) labour constraints due to record low levels 

of unemployment in Canada and Alberta; (2) limited refinery capacity in markets served 

by Canadian crude oil producers and the reluctance of crude oil producers to grow 

supply without market demand; (3) strong economic growth resulting in competition for 

key resources required to develop the oil sands projects (e.g. steel fabrication); and (4) 

project start-up delays.  CAPP estimates that these combined risks could reduce 

Canadian crude oil production by 800 kbpd over a 15-year period.  The MS (2010; 2012) 

studies for the NGP do not take these risks into consideration in their long-term 

forecasts.  Given that the magnitude of these risks to crude oil production potentially 

exceeds the proposed capacity of the NGP, it is imprudent to consider major investment 

decisions without an in-depth examination of the risks that could affect the pace of 

development in the oil sands and the consequent need for export pipelines. 

5. No evidence of long-term transportation agreements 

The NEB considers long-term transportation agreements between pipeline 

operators and shippers as important evidence supporting the need for pipeline capacity 

(NEB 2009).  In its Reasons for Decision for recommending approval of the Keystone XL 

pipeline, the NEB states that:  

The Board considers the existence of long-term transportation 
agreements to be strong evidence for the need for the Keystone XL 
Pipeline.  There is industry support to access the USGC [United States 
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Gulf Coast] market through the binding agreements to ship 60 300 m3/d 
(380 Mb/d) of crude oil for an average of 17 years.” (NEB 2009, p. 18).   

Long-term shipping contracts demonstrate that there is commercial interest in the 

project (NEB 2013a) and provide assurances that a pipeline will generate cash flows 

over the long-term (ENGP 2010, Vol. 2 p. 2-1).  Therefore information in section 52 

applications that identifies shipping agreements and describes the terms of the contracts 

is an important consideration in the JR Panel’s evaluation of the need for the applied-for 

pipeline.  

ENGP was unable to obtain long-term shipping agreements prior to submitting 

the NGP regulatory application.  ENGP (2010, Vol. 2 p. 2-1) states that despite interest 

in the oil and condensate pipelines as early as 2004, prospective shippers avoided 

committing to long-term shipping contracts due to the regulatory uncertainty associated 

with the project.  This explanation is not persuasive.  Other proposed projects including    

Keystone, Keystone XL, Kinder Morgan, and Energy East pipelines all received binding, 

long-term transportation agreements from shippers prior to receiving regulatory approval 

(NEB 2007c; 2009; TransCanada 2013) 

In its application ENGP claims that it has made progress toward long-term 

transportation agreements by way of precedent agreements, which precede long-term 

service agreements and typically resolve uncertainties and issues between parties 

(ENGP 2010, Vol. 2 p. 2-2).  ENGP has also obtained financial support to partially fund 

predevelopment of the project.  ENGP (2010, Vol. 2 p. 2-2) identified funding participants 

among Canadian oil producers and interested parties in Asia and obtained $10 million in 

financial support from each of the 10 funding participants for a total of $100 million25.  

ENGP does not identify the 10 funding participants by name nor does it disclose any 

other details of the agreements with funding participants other than the following terms 

and conditions:  

 
25  ENGP (2010, Vol. 2) does not state whether dollar figures are denominated in CAD or USD. 
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•   Option to ship up to 50 kbpd on the oil pipeline at reduced shipping rates; 

•   Option to ship 17.5 kbpd on the condensate pipeline at reduced shipping 
rates; 

•   Option to acquire up to 4.9% equity or ownership in the project; and 

•   Receive a share of 75% of the revenue collected by ENGP exceeding toll 
revenues in the form of a credit towards future transportation (ENGP 2010, 
Vol. 2 p. 2-2). 

ENGP claims that the $100 million in commitments indicate confidence in the 

project on the part of funding participants and demonstrate substantial market support 

and commercial viability for the NGP.  However, the $100 million is an insignificant 

component of the total project costs of $7.9 billion and certainly is not a substitute for 

long-term transportation contracts. 

5.3.2. Public Interest 

Criterion: All relevant economic, environmental, and social costs and benefits to 
Canadians are estimated using the best available information and analysis to 
facilitate a rational assessment of public interest impacts. 

1. Incorrect measurement of economic impacts as benefits 

As discussed in Chapter 4, the project proponent claims that the NGP would 

generate significant economic benefits in the form of jobs, labour income, economic 

output, and taxes (ENGP 2010, Vol. 2 p. 1-14).  Based on its impact assessment, ENGP 

concludes in its submission that “from an economic perspective, the project is clearly in 

the Canadian interest” (ENGP 2010, Vol. 2 p. 1-14).  The economic benefits analysis in 

the NGP regulatory application is actually an EconIA, not a benefit assessment as it is 

inappropriately referred to by its authors.  The submission inaccurately uses the terms 

impact and benefit interchangeably throughout the analysis and incorrectly concludes 

that economic impacts are benefits that measure the contribution of the NGP to the 

public interest (see WM 2010, p. 37).   

Relying on EconIA methodology to justify that the NGP is in the public interest is 

flawed for several reasons.  EconIA does not differentiate between gross and 

incremental impacts of a project.  In evaluating project impacts it is important to estimate 

net economic impacts because it is the net impacts that measure the incremental 
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contribution of the project to the economy (Shaffer 2010).  The WM EconIA does not 

estimate or distinguish between net and gross economic impacts for the NGP other than 

in its discussion of the incremental price benefits of shipping Canadian crude oil to the 

Asian market.  The failure to clearly distinguish between gross and incremental benefits 

can lead to a misinterpretation that the NGP would, according to WM (2012), result in 

the Canadian economy expanding by over $311 billion (2012 CAD), creating 907,000 

person years of employment, and generating $98 billion (2012 CAD) more in 

government revenue than would occur without the project.   

The suggestion that gross economic impacts are equal to net impacts assumes 

that all the labour and capital employed by the NGP would otherwise be unemployed 

over the life of the project.  This assumption is unrealistic and overstates project benefits 

since it ignores opportunity costs associated with the NGP.  The standard starting 

principle in project evaluation is that there is an opportunity cost of labour and capital, 

defined as what the labour and capital would earn in their best alternative uses (Pearce 

et al. 2006; Ward 2006; Shaffer 2010).  In a well functioning economy, labour and 

investment capital will be close to fully employed over the long term.  If the NGP is built, 

resources are simply reallocated from other industry sectors and regions to the project 

such that there may be a net increase in local economic activity even if there is no net 

increase in national economic activity.  Alternatively, if the NGP is not built, the labour 

and capital that would have been employed by the NGP would be employed elsewhere 

in the economy.  MS (2010; 2012) makes this point in its evidence when it assumes that 

alternative crude oil transportation projects would be built in the absence of the NGP.  

Thus, although the geographic location of economic activity would be different with and 

without the NGP, it is unlikely that there would be any net increase in economic activity 

for Canada as a whole.   

Further, the public interest assessment in Volume 2 of the NGP application does 

not include economic, social, and environmental costs despite NEB requirements to do 

so.  According to the NEB (2010, p. 1), decision-makers must consider the negative 

aspects of projects and weigh costs and benefits in their determination of whether a 

project is in the public interest.  Therefore, an assessment of the public interest of the 

NGP requires an evaluation of all relevant economic, environmental, and social costs to 

measure the incremental contribution of the project to society.  ENGP’s exclusion of 



 

110 

costs in its assessment of whether the NGP is in the public interest is a major omission 

that results in the consideration of only one side of the public interest, contrary to the 

requirements of the NEB review process. 

2. Misrepresentation of employment impacts for the NGP 

There are two additional weaknesses associated with the EconIA in the NGP 

application.  First, ENGP fails to disclose direct employment data in the public interest 

section of the application.  The NGP regulatory application references the creation of 

558,000 person years of employment in the overview provided in Volume 1 and the 

economic review in Volume 2.  This estimate is increased to 907,000 person years in the 

updated reply evidence (WM 2012)26.  However, ENGP states in Volume 6C that the 

NGP would create only 104 direct permanent operating jobs (ENGP 2010, Vol. 6C p. 4-

24) and this direct permanent employment number is not provided in either the project 

overview in Volume 1 or in the public benefits discussion in Volume 2.  The failure to 

provide direct employment data in the public interest section of the submission can lead 

to a misinterpretation of the number of jobs that the NGP would create and inflate the 

project’s potential economic impacts. 

Second, ENGP undertakes several steps in its estimation of NGP employment 

impacts that result in an exaggeration of employment impacts from the project.  The first 

step in the escalation from 104 direct jobs to 907,000 person years is the inclusion of the 

multiplier effects of direct operating jobs.  Direct employment creation generates 

additional indirect employment via the purchase of goods and services by the project 

and induced employment from the purchase of goods and services by those employed 

 
26  In its reply evidence, WM (2012) estimates that the NGP would create 907,067 person years 

of employment or 349,080 more person years than the original estimate of 557,987 in ENGP 
(2010).  The major difference between the 558,000 person years of employment estimated in 
WM (2010) and the 907,000 person years of employment estimated in WM (2012) is the 
inclusion of induced employment from reinvestment of the oil price uplift and its subsequent 
production.  Combined, reinvestment and production associated with the oil price uplift 
represent an increase in person years of employment of 281,540 or 81% of the difference in 
person years between the 2010 and 2012 studies. 
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by the project.  If calculated accurately, indirect and induced multiplier effects provide a 

valid estimate of total employment.  ENGP uses projected purchase data for the NGP 

and the Statistics Canada Interprovincial Input Output Model for 2005 to estimate 

indirect and induced employment and concludes that the NGP would generate a total of 

1,146 jobs in Canada, comprised of 104 direct jobs, 370 indirect jobs based on direct 

input purchases, 251 indirect jobs and 421 induced jobs.  While the concepts and 

methodology underlying these calculations appear sound, a questionable component of 

the analysis is the inclusion of two separate categories of indirect impacts: one based on 

direct purchases and one based on the indirect purchases in the input-output model.  

Depending on how this is done in the analysis, it may double count some indirect 

employment effects and lead to an overestimation of employment impacts.  ENGP 

provides insufficient information to determine whether double counting occurred.  

The second step by ENGP adds employment associated with reinvestment and 

production of the estimated oil price uplift.  According to the WM (2010) study, the 

estimated oil price uplift would increase cash flow to producers, who would in turn, 

reinvest a portion of these revenues back into the energy sector and would generate 

16,556 annual person years of employment27.  The assumption that increased cash flow 

necessarily results in higher investment ignores the fact that investment decisions are 

based on the supply side availability of investment opportunities that meet investors’ 

desired rates of return.  Increased cash flow from existing operations does not 

necessarily result in an increase in new investment opportunities.  If there are attractive 

investment opportunities that exceed internal cash flow of Canadian operations, external 

cash either from other non-Canadian operations within the firm, or external to the firm, 

will flow into the sector to exploit the opportunities.  Therefore, the inclusion of 

 
27  WM (2012) does not provide an estimate of the annual person years of employment 

associated with impacts from reinvestment and related production of the oil price uplift. 
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employment benefits generated by increased cash flows from an uncertain forecast price 

premium is a methodological error in the analysis28.   

A third problem with the ENGP employment estimates is that ENGP changes the 

definition of person year from an annual average person year to a total person year for 

the entire project period by multiplying the annual average by the number of years the 

project is operating.  Assuming the project operates for 30 years, one permanent job is 

reported as 30 person years of employment even though it is one worker employed at 

one job.  Thus, ENGP increases employment estimates by a multiple of 30 to generate 

the 907,000 person years of employment (WM 2012).  Although this may be technically 

correct to report total person years over the entire life of the project, the way in which the 

information is presented and the failure to include direct annual average employment in 

the public interest section of the regulatory submission and in the overview of the project 

in Volume 1 can easily lead to an exaggeration of the economic impacts.  For example, 

the NGP application forecasts that the project would create 260,810 person years of 

employment in Alberta (WM 2010, p. 32), which is equivalent to about 12% of the entire 

Alberta workforce in 2011.  The NGP application contributes to this misunderstanding by 

comparing the total person years over the entire life of the project to annual employment 

indicators in an attempt to show the relative contribution of the project.  Indeed, WM 

(2010, p. 8) states that the project would result in: 

An increase of 558 thousand person years of employment (equivalent to 
about 3.3 per cent of total Canadian employment in 2009) or an annual 
average increase of over 16,000 person years of employment (equal to 
approximately 5 per cent of the average annual increase in Canadian 
employment over the pre-recession years of 2005 to 2008). 

In this statement, WM compares 558,000 total person years over a 30-34 year 

period to one year of employment.  Further, WM defines the 16,000-person year number 

 
28  It is possible that increased prices will result in more investment by making previously 

uneconomic reserves economic.  This is not however the basis for the ENGP analysis.  The 
estimate of impacts of higher prices on production would require additional analysis of the 
response of supply to price changes. 
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as an average annual increase in employment even though it is not an annual increase 

but the average annual employment over the period to 2046.  These comparisons 

therefore contribute to the misunderstanding of the economic impacts summarized in 

Table 5.4. 

Table 5.4. Comparison of Employment Impacts from NGP  

Category Employment 
Direct Permanent Operating Jobs  104 
Direct, Indirect and Induced Operating Jobs  1,146 
Direct and Indirect Person Years  558,000 
Direct, Indirect, and Induced Person Years 907,000 
Source: ENGP (2010, Vol. 6C); WM (2010; 2012). 

In summary, the presentation of 907,000 person years of employment in the 

EconIA is an exaggeration of economic impacts.  In viewing employment impacts it is 

more appropriate to focus on the 1,146 average annual employment than the 907,000 

person years because the 1,146 jobs estimate represents the average number of people 

that would be permanently employed over the life of the project.  

3. Deficient assessment of oil price uplift benefit 

ENGP claims that a key reason that the NGP is in the public interest is that it will 

increase Canadian oil prices.  According to MS (2012), the estimated NPV of the price 

uplift is $24 billion to 2035.  The annual benefit ranges from $2.3 to 5.0 billion and the 

price uplift for heavy oil ranges from $1.53 to $3.35 per bbl (MS 2012, p. 73).  The 

original MS (2010) study identifies two factors increasing the netback price: (1) Canadian 

crude oil accesses the Asia market where oil prices are higher relative to the US; and (2) 

there is a reduction in the quantity of oil shipped to the US resulting in a northward shift 

of the pricing point from the Gulf Coast to the interior US that reduces transportation 

costs for Canadian oil producers shipping into the US market.  The updated MS (2012) 
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study identifies a third factor increasing the netback for Canadian crude and claims that 

the NGP will benefit Canadian producers by eliminating the need to transport WCSB 

crude via more expensive rail up until 202329. 

There are three major deficiencies with the MS oil price analysis that undermine 

the validity of their oil price uplift hypothesis.  First, the MS (2010; 2012) analysis shows 

that the US Gulf Coast becomes the marginal pricing point for Western Canadian crude 

oil with and without the NGP (Table 5.5)30.  Therefore, there is no increase in the price of 

Western Canadian crude resulting from a northward shift of the pricing point.    

Furthermore, during cross-examination, consultants for ENGP confirmed that the 

increase in crude oil supply in the CAPP (2011) supply forecast relative to the 2009 

 
29  The claim that shipping costs are higher for rail compared to pipeline (MS 2012 p. 40) cannot 

be adequately evaluated since MS does not provide an annual summary of the rail costs 
used over the forecast period.  Rather, MS (2012 p. 18) states “The barge and rail costs are 
based on Muse’s industry experience and research”.  However, I note that analysis prepared 
by Ensys (2011) for the Keystone XL Environmental Impact Statement estimates that costs to 
ship bitumen by rail are comparable to costs to ship dilbit by pipeline from 
Edmonton/Hardisty, AB to the US Gulf Coast.  Further, an assessment of comparative 
transportation costs for pipeline and rail prepared by ICF (undated) for the Keystone XL Final 
Supplemental Environmental Impact Statement concludes that the cost of shipping bitumen 
by rail to refineries in the US Gulf Coast may be less expensive than shipping dilbit by 
pipeline to Gulf Coast refineries.  Therefore, costs to ship WCSB oil by rail can be lower than 
pipeline costs and the lack of rail costs in the MS (2012) study prevents an analysis of the rail 
cost assumptions used to estimate higher netbacks from pipeline shipments. 

30  In its reply evidence, MS (2012) assumes a higher volume of WCSB oil shipments to the Gulf 
Coast with NGP than the volume of shipments without the NGP in the original MS (2010) 
analysis (see Table 5.5).  In this way the MS (2012) analysis contradicts the MS (2010) 
analysis that concludes there is no northward market clearing point without the NGP due to 
the higher supply of 500 kbpd into the US market.  Indeed, MS (2012) assumes that the 
market clearing point moves northward with the NGP even though shipments to the US Gulf 
Coast are higher than they were in the MS (2010) analysis without the NGP.  Shipments to 
the US Gulf are higher in the MS (2012) analysis due to the higher CAPP (2011) forecast that 
predicts 527 kbpd more supply by 2020 than the CAPP (2009) forecast used in the MS 
(2010) study.  With this higher volume assumption in MS (2012), the US Gulf Coast becomes 
the marginal market for WCSB oil with and without the NGP.  The MS forecast assumes 
shipments to the Gulf start at 762 kbpd in 2018 without the NGP so the Gulf shipments are 
the marginal price determinant even with the NGP.  The market clearing point has already 
moved to the Gulf and so the Gulf market setting location is already established before the 
NGP begins operation.   
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CAPP forecast (Table 5.6) could offset the crude oil diverted to Asia via the NGP.  This 

could prevent the northward shift from occurring (NGP Final Hearings 2012, Vol. 70). 

Table 5.5. Comparison of Heavy Crude Oil Shipments to the US Gulf Coast  

 Shipments of all Canadian Heavy Grades to the US Gulf Coast (kbpd) 
2018 2019 2020 2025 

NGP (MS 2012) 762 783 879 1,157 
No NGP (MS 2010) 303 380 450 590 
Difference +459 +403 +429 +567 
Source: MS (2010; 2012). 

Table 5.6. Difference Between 2009 and 2011 CAPP Supply Forecasts (kbpd) 

Year CAPP (2009) CAPP (2011) Difference 
2018 3,680 4,012 +332 
2019 3,820 4,250 +430 
2020 3,939 4,466 +527 
2025 4,240 5,245 +1,005 
Source: CAPP (2009; 2011). 

Second, the MS (2010; 2012) analysis does not incorporate potential changes in 

US refinery capacities in its analysis.  Instead, MS (2012) assumes the same static 

refinery system with and without NGP even though the authors conclude that the NGP 

would change relative prices and margins that should result in changes to refinery 

configurations to accommodate different grades of crude oil.  MS makes this assumption 

despite acknowledging in their 2007 Market Assessment for the Alberta Clipper Project 

that oil refineries will alter their processes to adjust for changes in the price and quality of 

oil available (MS 2007, p. 2; 12).  The increase in heavy oil shipments from the WCSB 

would stimulate investment in refineries to accommodate more heavy oil.  A corollary of 

the assumption of a static refinery system is the change in WTP for heavy oil.  As 

refineries reach capacity limits for processing heavy oil, their WTP for Canadian heavy 

oil would decrease since refineries are not able to process increased supplies of heavy 

oil without expanding or reconfiguring their operations.  Therefore relaxing the 

assumption of a static refinery system in the analysis would undermine the price impact 
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results because US refineries could expand and/or reconfigure their operations to 

accommodate greater volumes of WCSB oil. 

Third, the Asia price premium that MS (2010; 2012) assumes Canadian crude oil 

producers would receive from accessing Asia markets may not actually exist.  Indeed, if 

it does exist it will eventually erode due to supply and demand dynamics in the global 

crude oil market.  In its analysis, MS (2010; 2012) makes the assumption that the oil 

market is comprised of independent regional markets.  This assumption directly 

contradicts evidence that regional oil markets are linked forming a single world market 

(Adelman 1984; Kleit 2001; Nordhaus 2009; Fattouh 2010; Huppmann and Holz 2012).  

Indeed, seemingly independent markets are integrated by the ability of shippers to 

distribute oil between geographic locations according to supply and demand dynamics.  

Clearly, the assumption of a permanent Asia premium over a 30-year period is 

inconsistent with the workings of an integrated market; if demand and prices are rising in 

one region relative to other regions, supply will increase as producers seek to take 

advantage of higher prices and the increase in supply will continue until price 

differentials erode.  The static nature of the MS (2010; 2012) analysis does not 

incorporate any supply and demand adjustments despite confirmation from ENGP 

experts during cross-examination that crude oil prices in the world market would 

equilibrate (NGP Final Hearings 2012, Vol. 71).  Naturally there are impediments in oil 

markets that restrict adjustments in global supply such as transportation logistics that 
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may result in temporary price differentials (e.g. the glut of oil in Cushing, Oklahoma31).  

But the market will work to gradually erode these differences and reduce any short-term 

oil price differentials over the long-term32.   

Further, the evidence submitted by MS (2010; 2012) summarizing the Asian price 

differentials from 2000 to 2011 shows significant variation in the estimated premium with 

no discernible trendline from which to forecast the differential 30 years into the future 

(Figure 5.2).  In two of the 12 years over the 2000-2011 period, the prices are actually 

higher in the US Gulf and the premium varies from a low of ($1.08) to a high of $3.88 for 

Arab heavy.  The average premium is $1.53 for heavy and an average of $1.13 for Arab 

light over the 12-year period (MS 2010; 2012).  Thus, forecasting a permanent Asian 

price premium based on 12 years of variable data to the year 2035 is unfounded and 

should not be considered as a potential benefit of the NGP.   

 
31  Current pipeline infrastructure in North America delivering oil to the oil-trading hub in Cushing 

has resulted in a regional oversupply of oil in the middle of the US.  Despite the world market 
for oil, the glut in Cushing has produced a dislocation of West Texas Intermediate pricing 
relative to other crude oil benchmarks such as Brent thus causing the US benchmark of West 
Texas Intermediate to be traded at a discount to Brent (Fattouh 2007; 2009).  This glut has 
also had implications for the price of Canadian crude.  Since Canadian crude is traded using 
West Texas Intermediate as a crude benchmark (adjusted for quality differences and 
transportation costs), Canadian crude is also trading at a discount to West Texas 
Intermediate and Brent.  Increased pipeline capacity provided by the Keystone XL, other 
pipelines, or rail to the US Gulf Coast would enable crude oil previously landlocked in 
Cushing to command a higher market price because it becomes competitive with other crude 
oil benchmarks (i.e. Brent or Dubai) that can be imported by US Gulf Coast refineries from 
international markets.  Thus increased access to the Gulf Coast would help reconnect the 
West Texas Intermediate benchmark to the global crude oil market and narrow the West 
Texas Intermediate-Brent differential on which WCSB oil is priced.  Once Canadian crude oil 
has access to the US Gulf Coast in greater volumes, Canadian producers will be able to 
either sell their crude to refiners in the US Gulf Coast where demand is high for heavy sour 
crudes (Moore et al. 2011) or potentially export their crude to global markets where Canadian 
crude would be more competitively priced due to the reduced West Texas Intermediate-Brent 
discount achieved from addressing the supply/demand imbalance in Cushing. 

32  This perspective is shared by chief executive officer of Imperial Oil Ltd Bruce March who 
commented that oil is fungible and easily transportable and that oil prices in the Pacific and 
US will balance as the price of oil in the Gulf Coast rises and the price of oil in Asia falls 
(Vanderklippe 2012).  
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Figure 5.2.  Historical and Forecast Asia Premium from MS (2010; 2012) 

 
Source: MS (2010; 2012). Note: MS (2012) does not provide Asia premium forecasts on an 

annual basis after 2020 with the exception of 2025 and 2035. 

The unreliability of the MS (2010; 2012) Asian price premium assumption is also 

demonstrated by the errors in the price differential forecast compared to actual price 

differentials.  In its 2010 forecast, MS estimates an Asia premium of $2.29 and $2.75 

(2009 USD) per bbl for Arab heavy in 2010 and 2011, respectively.  In the 2012 update 

report, MS notes that the actual Asia premiums for 2010 and 2011 were $1.18 and $0.81 

(in nominal USD) per bbl, which represents an error of 49% and 71%, respectively, for 

2010 and 2011 (Table 5.7).  I note that this observation is based on only two data points 

yet it serves to illustrate the difficulty in forecasting price differentials.  MS (2010; 2012) 

avoids any discussion of the reliability of its Crude Market Optimization Model and thus 

there is no other approach to comparing previous forecasts to actual price impacts over 

the forecast period.    
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Table 5.7. Forecast Versus Actual Asia Premium for Arab Heavy 

 Forecast Year 
2010 2011 2012 

MS (2010) Forecast $2.29 $2.75 $3.13 
MS (2012) Forecast $1.18 $0.81 n/a 
Difference ($1.11) ($1.94) n/a 
Margin of Error 49% 71% n/a 
Source: Computed from MS (2010, p. 45 Table A-7; 2012, Table A-7).  Note: The 2010 forecast is in real 
2009 USD per bbl and the 2012 forecast is in nominal USD per bbl. 

Evidence submitted by the Alberta government shows that, even if the price 

impact of the NGP exists, it is at best temporary and is negated by increased WCSB oil 

shipments.  Wood Mackenzie (2011) determines that, without sufficient access to Asia 

markets with high capacity coking refineries, Canadian heavy crude oil would have to be 

shipped to coking and cracking refineries in the US.  As a consequence there is a loss 

(or discount) of $8 per bbl relative to refineries in Asia beginning in 2017.  During cross-

examination of the evidence, an Alberta government expert submitted that the NGP only 

prevents the $8 discount for one year in 2018 since additional heavy crude oil supply 

must be shipped to refineries in the US when NGP capacity is full (NGP Final Hearings 

2012, Vol. 83 pp. 35-37).  Thereafter, the lack of sufficient market access to coking 

refineries in Asia would resume in 2019 when NGP capacity is full.  This would again 

trigger the $8 per bbl discount on Western Canadian crude oil unless pipeline capacity 

far greater than the NGP was created to ship heavy crude oil to Asia (NGP Final 

Hearings 2012, Vol. 83 pp. 35-37).   Thus, according to the Alberta government, there 

would be no price uplift by building the NGP after the first year the project begins 

operation. 

Even if the oil price uplift hypothesis is valid, WM (2010; 2012) overestimates the 

magnitude by including benefits that accrue to non-Canadians.  The oil price uplift in the 

public interest assessment in Volume 2 of the NGP regulatory application includes 

benefits that accrue to Canadians as well as non-Canadians.  According to economic 

analysis guidelines from the Treasury Board of Canada, only those costs and benefits 

accruing to Canadians should be included in an analysis of economic benefits to 

Canada: 
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It is the benefits and costs accruing to the individual residents of Canada 
that are totalled to generate the aggregate net benefit for the country in 
any period. If the benefits are accrued to non-residents or to third 
countries, those benefits are usually excluded from the total benefits for 
the implementation of the regulation in question (Canada TBCS 2007, p. 
12). 

The price uplift benefit accruing to provincial and federal governments is clearly a 

Canadian benefit, while the proportion of the private sector price uplift benefit accruing to 

non-Canadians should be omitted from the total benefits.  It is difficult to isolate the exact 

proportion of profits accruing to non-Canadians because of the diversity in stock 

ownership.  Some Canadian firms will have foreign shareholders and some foreign 

companies may have some proportion of their stocks owned by Canadians.  However, it 

is possible to provide an estimate of the proportion of profits accruing to foreign owners 

based on the proportion of foreign ownership in the Canadian oil and gas sector.  

According to Statistics Canada (2012b), the percentage of foreign ownership based on 

profits in the Canadian oil and gas sector was 47% in 2010 and averaged 44% for the 

three years between 2008 and 2010.  Therefore the portion of the price uplift accruing to 

the private sector consisting of domestic and foreign participants should be reduced by 

nearly half to reflect the 44% of foreign ownership in the oil and gas sector.  Given the 

current trend to increasing foreign ownership in the Canadian oil and gas sector, the 

proportion of the benefit accruing to non-Canadians that should be removed could be 

higher over the operating life of the NGP.  Therefore even if the oil price uplift 

assumption holds, WM’s failure to adjust benefits for the proportion accruing to non-

Canadians results in a significant overstatement of the benefits. 

4. Inconsistent treatment of costs and benefits in oil price uplift 

In the previous section, I argued that the oil price uplift assumption by ENGP is 

unfounded based on evidence the applicant submitted.  But even if one accepts that 

there is an oil price uplift, ENGP’s assessment of the impact of this uplift on the public 

interest is deficient because ENGP includes only the benefits without the costs. 

ENGP concludes that the NGP is in the public interest because the project 

generates significant economic benefits including benefits from the oil price uplift.  

According to WM (2012), crude oil producers will reinvest $48 billion of the nearly $115 
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billion in revenue from the oil price uplift into additional oil and gas production.  As a 

consequence, that would produce incremental cumulative oil production of 8.8 billion bbl 

over a 30-year period, or an average of 806 kbpd per year (ENGP 2012).  While ENGP 

includes the benefits of induced oil production from reinvestment of the oil price uplift, 

ENGP omits the environmental and social costs associated with upstream production in 

its public interest assessment.  Potential costs from upstream production omitted from 

the analysis include increases in GHG emissions from production and use of incremental 

oil and negative impacts to EGS and wildlife from the expansion of existing facilities and 

construction and operation of new greenfield projects.  Other potential costs from 

upstream production include cultural impacts to Aboriginal groups in regions negatively 

impacted by upstream oil production.  Therefore, the NGP application significantly 

overestimates the benefits of the oil price uplift since the public interest assessment 

omits environmental and social costs from upstream production.  For consistency, the 

public interest assessment for the NGP should include the costs as well as the benefits. 

5. Questionable definition of project scope 

As discussed in the previous section, ENGP includes the benefits of induced 

production associated with the oil price uplift while excluding the costs.  Yet, a historical 

decision from the NEB suggests that the public interest assessment in the NGP 

regulatory application should exclude both the costs and benefits of upstream oil 

production induced by reinvestment of the oil price uplift.  In its assessment of the 

Keystone XL, the NEB (2009, p. 75) states that it only considers upstream impacts in an 

application if there is a connection to the applied-for project.  For the Keystone XL, the 

NEB refused to consider the environmental impacts of upstream oil sands production 

because the upstream facilities were not part of the applied-for project.  That is, 

TransCanada Pipelines was not applying to produce crude oil that the Keystone XL 

would ship, other governments would regulate the upstream facilities, and other 

corporate entities would operate the physical upstream projects (NEB 2009, p. 74-75).  

Based on this logic, none of the impacts of the oil price uplift should be included in the 

public interest assessment.  ENGP will not directly operate oil sands production facilities 

and any production resulting from the oil price uplift would be regulated by other 

government entities.  Further, induced oil production that ENGP claims would result from 

the oil price uplift for NGP is not part of the project description in its application.  
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Therefore the NGP application should omit the alleged benefits of induced production 

resulting from reinvestment of the oil price uplift in its assessment of the public interest. 

6. Distributional analysis fails to analyze costs and benefits to different 
stakeholder groups 

The EconIA assessing public interest impacts in the NGP regulatory application 

contains inadequate analysis of the distribution of potential impacts from the NGP.  An 

analysis of the impacts to stakeholders in society potentially affected by a project is 

compatible with the NEB definition of the public interest that refers to balancing 

economic, environmental, and social interests of all Canadians (NEB 2010, p. 1).  The 

EconIA in Volume 2 of the regulatory application examines direct, indirect, and induced 

impacts associated with investment/revenues.  Affected sectors include labour income, 

GDP, government revenues, and employment from the perspective of the provinces of 

AB, BC, Ontario, Saskatchewan, and Québec, as well as Canada.  However, the 

distributional analysis only identifies the gross economic benefits of the project and fails 

to examine potential costs of the NGP to different societal groups.  The EconIA also 

omits several societal groups potentially affected by the project.  Potential stakeholders 

that could incur costs and obtain benefits from the NGP include Aboriginal groups, 

households in BC, Alberta, and Canada, crude oil producers, and tanker 

owners/operators.  In the absence of a comprehensive stakeholder analysis, decision-

makers are unable to determine the economic, environmental, and social impacts to 

different societal groups in Canada.  As a consequence, the appropriate balance of 

these interests cannot be determined in order to assess the public interest of the project.  

Further, there is a lack of information on whether the distribution of impacts from the 

NGP is equitable to all potentially affected stakeholders and if not, which groups are 

positioned to win and lose from the proposed project.  Without a comprehensive 

distributional analysis, ENGP is not able to determine appropriate mitigation measures to 

reduce negative impacts borne by particular societal groups affected by the project, nor 

is ENGP able to identify adequate levels of compensation to offset negative impacts that 

cannot be mitigated.  
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7. Inadequate compensation plans to mitigate costs borne by the Canadian public 

An important consideration in the assessment of public interest for a project 

involving oil shipments is the provision of adequate compensation to mitigate economic, 

environmental, and social costs from a potential tanker spill.  NGP has not provided a 

comprehensive compensation plan in its regulatory application detailing the process for 

mitigating and compensating damages incurred by impacted parties.  Important 

considerations omitted from the NGP regulatory application include defining 

compensable damages, identifying compensable parties, specifying methods for 

determining damage claims, identifying funding sources to fully cover all damage costs 

and specifying dispute resolution procedures.  ENGP has stated in its reply evidence 

that it will not accept full liability for all damages caused by a tanker spill from the NGP 

and would instead defer compensatory responsibility for tanker spills to the IOPCF 

(ENGP 2011b).  The IOPCF provides maximum compensation of up to $1.5 billion (2012 

CAD)33 for tanker spills and covers only damages where a monetary loss can be 

proven34 (IOPCF 2011).  Consequently, many spill damages including environmental 

damages, social and psychological costs, and passive use value damages would not be 

compensated.  Recent evidence shows that compensation actually paid by the IOPCF 

 
33  Compensation figures under the Civil Liability Convention, the 1992 Fund, and the 

Supplementary Fund are units of account known as Special Drawing Rights, which are 
defined by the International Monetary Fund (Boulton 2010).  According to the Marine Liability 
Act (S.C. 2001, c. 6), the maximum number of Special Drawing Rights under each tier is: Civil 
Liability Convention (89,770,000 SDR); the 1992 Fund (203,000,000 SDR); and the 
Supplementary Fund (750,000,000 SDR).  As of 28 December 2012, 1 SDR is equivalent to 
$1.52954 CAD (IMF undated).  Thus the maximum compensation available from the IOPCF 
is $1.15 billion (2012 CAD).  The limit of liability and compensation under the Ship-source Oil 
Pollution Fund was $159,854,965 for the fiscal year commencing 1 April 2012 (SOPF 2012), 
although Transport Canada announced in May 2014 that it would remove the cap on the 
Ship-source Oil Pollution Fund thereby increasing the amount available in the event of an 
incident to nearly $400 million (Gordon 2014).  Therefore the maximum total compensation 
from the IOPCF and the Ship-source Oil Pollution Fund is $1.5 billion (2012 CAD). 

34  According to IOPCF (2014), the 1992 Civil Liability Convention and the 1992 Fund cover 
pollution damage in the territory, territorial sea or Exclusive Economic Zone or equivalent 
area.  The Ship-source Oil Pollution Fund is available to pay claims for pollution damage at 
any place in Canada or in Canadian waters including the Exclusive Economic Zone (SOPF 
2012).  
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represented only 5% to 62% of compensation claimed for six large tanker spills 

(Thébaud et al. 2005).  Similarly, evidence in the NGP application shows that estimated 

clean up and damage costs for an average tanker spill size of 56,700 bbl and for the 

modelled 226,000 bbl Wright Sound spill would exceed available compensation by 

nearly $1 to $7 billion (Table 5.8).  ENGP’s refusal to accept responsibility for all 

potential spill costs shifts the damage costs not covered by compensation to third parties 

impacted by the damages or to taxpayers.  Therefore the lack of compensation plans in 

the NGP regulatory application is contrary to the public interest since taxpayers would 

potentially be liable for much of the costs of compensation, clean up and recovery for oil 

spills. 

Table 5.8. Comparison of Tanker Spill Costs and Compensation 

Oil Spill Size (bbl) Cost of Spill                  
(in billions 2012 CAD) 

Compensation              
(in billions 2012 CAD) 

Shortfall                        
(in billions 2012 CAD) 

Average (56,700) 2.1 $1.5 $0.6 
Wright Sound (226,000) 8.5 $1.5 $7.0 
Source: Calculated from ENGP (2010, Vol. 8C); WM (2012).  Note: Total spill costs based on per bbl spill 
costs of $37,500 from WM (2012). 

8. Inadequate assessment of costs and benefits of alternative projects 

The NEB Filing Manual requires the proponent to describe other economically-

feasible alternatives to the applied-for project and provide a rationale for choosing the 

proposed project over other projects (NEB 2013a, p. 4-3).  According to the NEB (2013a, 

p. 4-4), the proponent must evaluate feasible project alternatives that meet the objective 

of and are connected to the applied-for project.  The NEB (2011b, p. 4A-24) clarified this 

requirement in its decision on the GSX natural gas pipeline project where it ruled that 

alternative means of meeting energy demands such as wind and solar were not relevant 

alternatives to a natural gas pipeline because these projects do not have sufficient 

connection to the applied-for project.  The NEB (2011b, p. 4A-24) determined that 

potential project alternatives for pipeline projects such as GSX include transporting 

natural gas via tanker, rail, truck, and expansion of existing pipelines, among others.  To 

justify the proposed project in its regulatory application, the NEB recommends that a 

proponent should provide an analysis of the various project alternatives with criteria to 
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determine the most appropriate option (NEB 2013a, p. 4-4).  The criteria the proponent 

should use to evaluate different project alternatives include construction and 

maintenance costs, public concern, and environmental and socio-economic effects (NEB 

2013a, p. 4-3).   

The NGP application does not include an analysis of the costs and benefits of 

project alternatives.  ENGP provides a general discussion of project alternatives in 

Volume 1 of its application, describes alternative means of constructing the project in 

Volume 3, and identifies alternative sites for Kitimat Terminal in Volume 8.  There are 

two major weaknesses in the approach to assessing project alternatives in the NGP 

application.  First, the proponent limits the analysis of project alternatives to different 

siting options for the pipeline terminus and marine terminal without evaluating viable 

alternatives that would meet the objective of the NGP, which is to provide access for 

Canadian oil to large and growing international markets that comprise existing and future 

refiners in Asia and on the US West Coast (ENGP 2010, Vol. 1 p. 1-3).  This objective 

could be met by other pipeline and rail projects that the proponent assumes would occur 

in the absence of the NGP yet does not compare the costs and benefits of any of these 

alternatives with the NGP.  Second, the application does not contain an analysis of 

alternative projects with the suggested evaluative criteria from the NEB (2013a).  ENGP 

(2010, Vol. 1 p. 4-1) claims that it evaluates project alternatives with several criteria 

including constructability, environmental and socioeconomic effects, safety, location, and 

lifecycle costs, but there is no evidence that ENGP undertook this analysis in the NGP 

application.  These deficiencies suggest that there is inadequate justification that the 

NGP in its current configuration is the best alternative for meeting the objective of the 

project. 

Criterion: Information is presented in a manner that facilitates the identification of 
trade-offs among the various impacts to enable a reasoned judgment of whether 
there is a net benefit. 

1. Information is not organized in a manner that identifies trade-offs 

The JRP for the NGP generated substantial volumes of information that decision-

makers must consider in their evaluation of the project.  ENGP alone filed 10,000 pages 

of evidence and there were numerous written submissions from the 215 interveners and 

13 government participants, as well as thousands of information requests and 
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responses, important information generated during cross-examination, and oral 

statements made during the hearing process. 

The regulatory application submitted by ENGP in 2010 contains several sections 

relevant to evaluating the public interest of the project.  Volume 2 discusses the 

economic and commercial implications of the project, including markets, shipping 

agreements, tolls, and financing.  Volume 2 also contains two appendix files: The MS 

(2010) study analyzing prospective markets for Canadian crude and the benefits of 

accessing Asian markets; and the WM (2010) study estimating the direct and indirect 

impacts of the NGP.  Volume 6C contains the socio-economic impacts of the project 

namely capital expenditures for the project, construction and operation employment, as 

well as effects on GDP.  ENGP later submitted additional documents in 2012, including 

MS (2012) and WM (2012) updates to their 2010 studies and a WM CBA of the NGP 

completed in response to evidence submitted by interveners.  

Under the current approach to assessing the public interest, the JR Panel must 

examine the various submissions of evidence and arguments among the large volumes 

of information generated during the regulatory review process.  The JR Panel does not 

require either the proponent or the JR Panel itself to synthesize important information in 

a centralized evaluative framework that describes important information from the various 

submissions of evidence and directly compares costs and benefits of the project.  

Consequently the JR Panel is not required to explicitly identify trade-offs that decision-

makers must consider in their public interest assessment despite requirements from the 

NEB to weigh the various impacts of a project to determine whether the project is in the 

public interest (NEB 2010, p. 1).  Instead, these trade-offs between gains from project 

benefits and losses from project costs are typically identified and made by JR Panel 

members behind closed doors and briefly discussed in the final report recommending a 

decision to the federal cabinet, without adequately disclosing the methods used to arrive 

at a decision.  
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5.4. Discussion 

My analysis identified a total of 14 weaknesses in the regulatory application 

related to the need and public interest of the NGP (Table 5.9).  Many of these 

weaknesses reduce the quality of information provided to decision-makers.  The results 

of the analysis suggest that decision-makers do not have sufficient evidence to 

adequately assess whether the project is needed, and in the public interest, as required 

under the NEBA.   

Table 5.9. Weaknesses in the NGP Regulatory Application Addressing the NEB 
Decision Criteria 

Criterion Description Major Deficiency 

Project 
Need 

A supply and demand 
analysis for the pipeline 
provides the best available 
information to enable a 
sound decision of the need 
for pipeline capacity 

1. Incomplete supply/demand analysis to justify the need for the NGP 
2. Supply/demand analysis shows NGP capacity is not needed to meet 

WCSB production 
3. ENGP’s own analysis demonstrates that the NGP is not needed to meet 

WCSB production 
4. Supply estimates do not assess risks in supply forecasts and rely on 

CAPP Crude Supply Forecasts that overestimate supply 
5. No evidence of long-term transportation agreements 

Public 
Interest 

All relevant economic, 
environmental, and social 
costs and benefits to 
Canadians are estimated 
using the best available 
information and analysis to 
facilitate a rational 
assessment of public 
interest impacts 

6. Incorrect measurement of economic impacts as benefits  
7. Misrepresentation of employment impacts for the NGP 
8. Deficient assessment of oil price uplift benefit 
9. Inconsistent treatment of costs and benefits in oil price uplift 
10. Questionable definition of project scope 
11. Distributional analysis fails to analyze costs and benefits to different 

stakeholder groups 
12. Inadequate compensation plans to mitigate costs borne by the Canadian 

public 
13. Inadequate assessment of costs and benefits of alternative projects 

Information is presented in 
a manner that facilitates the 
identification of trade-offs 
among the various impacts 
to enable a reasoned 
judgment of whether there 
is a net benefit 

14. Information is not organized in a manner that identifies trade-offs 

The results of my evaluation imply inadequacies in the guidance material that the 

NEB provides to proponents on the type of information it requires to determine whether 

the project is needed and in the public interest.  The weaknesses identified in the 
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evaluation concern the methodological approach used by the proponent to demonstrate 

that the NGP is needed and in the public interest.  Although there are many possible 

reasons that could explain these weaknesses, two plausible causes include: (1) the lack 

of specific methodological guidance provided by the NEB on how to address legislative 

decision-making criteria; and/or (2) a misinterpretation of the information requirements 

by ENGP.  Either situation is characterized by some inadequate level of clarity provided 

by the NEB on the specific methodologies and information it needs to evaluate the 

project.  Additional study is required to determine whether these weaknesses could be 

addressed if the NEB provided more specific methodological guidance to proponents on 

the type of information required to satisfy legislative criteria for project approval. 

I acknowledge that some of the deficiencies I identify, specifically the failure to 

fully include costs in the public interest assessment and the failure to summarize costs 

and benefits in a manner that identifies trade-offs, are mitigated by the provision of a 

CBA.  This will be discussed in detail in Chapter 9.  It is important to note that the CBA 

submitted as reply evidence by ENGP was prepared in response to a CBA submitted by 

interveners and was not included, or required, as part of the original application. 

5.5. Limitations 

There are several limitations to my methodological approach.  First, the 

evaluative criteria I use rely on the NEB definition of the public interest.  Alternatively, a 

more comprehensive approach could be to use an independent definition of the public 

interest based on a review of relevant literature.  However, I argue that evaluative criteria 

developed from the NEB definition are more relevant to the evaluation of major pipeline 

projects in Canada since NEB criteria have been established by a democratic process 

based on Canadian values.  Moreover, criteria are broad enough to incorporate most 

definitions of the public interest and Canadian courts have held that the determination of 

the public interest in a NEB application is based solely on the opinion of the NEB.  A 

second limitation is that there is an unknown relationship between good practices, such 

as providing adequate information, and good outcomes (Vesely 2011).  Thus the quality 

of information in the NGP regulatory application may not necessarily result in the optimal 

decision on whether the project is needed and in the public interest.  However, it is 
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normally assumed in best practice planning literature (Van Hinte et al. 2007; Ellis et al. 

2010; Joseph 2013) that decision-makers should be able to make a better decision if 

they have better quality information.  Third, my evaluation relies on the main regulatory 

documents in the NGP application containing information and analysis directly related to 

the NEB decision-making criteria.  Thus I do not evaluate every document in the public 

registry for the NGP, such as responses to information requests or public hearing 

transcripts that may directly or indirectly relate to the project need or the public interest. 
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6. Evidence Addressing Decision Criteria in the 
Canadian Environmental Assessment Act 

6.1. Introduction 

In this chapter, I summarize the methodological approach and information in the 

NGP regulatory application related to project approval criteria under the CEAA 2012.  

The key criterion in the decision as to whether or not to approve a project under the 

CEAA 2012 is the likelihood that the project will cause significant adverse environmental 

effects that cannot be justified in the circumstances.  There are many impacts of the 

NGP that should be assessed to determine if they cause significant adverse 

environmental effects.  I will focus on the one potential impact that appears to be most 

likely to cause significant adverse environmental effects: an oil spill.   

ENGP provides separate spill likelihood estimates for tanker, terminal, and 

pipeline spills in the NGP regulatory application.  ENGP also provides separate risk 

assessments for marine transportation and pipelines that examine the potential effects of 

hydrocarbon spills.  In this section, I summarize the methodologies that ENGP and its 

consultants use to estimate the likelihood and effects of tanker, terminal, and pipeline 

spills for the NGP.  This summary, which provides the basis for my evaluation in Chapter 

7, uses the following regulatory documents for the NGP: 

•   ENGP 2010 Volume 7B: Risk Assessment and Management of Spills - 
Pipelines; 

•   ENGP 2010 Volume 7C: Risk Assessment and Management of Spills - 
Kitimat Terminal; 

•   ENGP 2010 Volume 8C: Risk Assessment and Management of Spills - 
Marine Transportation; 

•   ENGP 2010 TERMPOL Study No. 3.15: General Risk Analysis and Intended 
Methods of Reducing Risk; 

•   Marine Shipping Quantitative Risk Analysis by Brandsæter and Hoffman 
(2010) (referred to as Marine Shipping QRA); 
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•   Northern Gateway Pipeline Kitimat Terminal Quantitative Risk Analysis by 
Bercha Group (2012a) (referred to as Kitimat Terminal QRA); 

•   Northern Gateway Pipeline Public Safety Quantitative Risk Analysis by 
Bercha Group (2012b) (referred to as Pipeline Safety QRA); 

•   Northern Gateway Pipeline Pump Station Quantitative Risk Analysis by 
Bercha Group (2012c) (referred to as Pump Station QRA); and 

•   Semi-Quantitative Risk Assessment by WorleyParsons (2012) (referred to as 
Pipeline SQRA).  

6.2. Tanker Spills 

6.2.1. Likelihood of Spill Event 

ENGP contracted Det Norske Veritas (DNV) to prepare the Technical Data 

Report entitled Marine Shipping Quantitative Risk Analysis (Marine Shipping QRA) 

authored by Brandsæter and Hoffman (2010).  The Marine Shipping QRA examines 

tanker spills in the BC study area and represents the principal document in the NGP 

regulatory application evaluating tanker spill risk for the project.  The methodology in the 

Marine Shipping QRA consists of the following steps: 

•   Determine base incident frequencies per nm;  

•   Apply scaling factors to base incident frequencies to adjust for local 
conditions; 

•   Determine conditional spill probabilities from an assessment of incident 
consequences; 

•   Calculate unmitigated spill return periods based on scaled incident 
frequencies and conditional probabilities; 

•   Conduct sensitivity analysis; and 

•   Identify mitigation measures and recalculate spill return periods based on 
mitigation. 

The Marine Shipping QRA uses a per-voyage methodology to forecast spills 

based on nm travelled by tankers within the study area.  As part of the per-voyage 

methodology, DNV determines base incident frequencies from historical tanker incident 

data and estimates incident frequencies per nm.  DNV determines frequencies for tanker 

incidents based on international data from Lloyds Register Fairplay (LRFP) for the period 
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1990-2006 (Brandsæter and Hoffman 2010, p. 5-49).  DNV examines four types of 

potential incidents associated with tanker traffic:  

•   Powered and drift grounding, whereby a tanker runs aground either with 
functional mechanical and navigation equipment (powered) or as a result of 
failed propulsion equipment (drift); 

•   Collisions, whereby the navigational failure of one or both vessels results in a 
collision; 

•   Foundering, whereby a tanker sinks due to structural failure of the hull from 
weather or structural defects; and 

•   Fire and/or explosion. 

DNV calculates LRFP incident frequencies per nm based on the average 

distance travelled by a tanker per year for each tanker incident type (Table 6.1).  LRFP 

incident frequencies rely on assumptions for the portion of the distance sailed by tankers 

where an incident may occur for each of the five incident types that range from 10% to 

100%.  DNV supports the assumptions for powered grounding and collision incidents by 

referring to a TERMPOL study completed for Rabaska (2004 as cited in Brandsæter and 

Hoffman 2010), while the assumptions for drift grounding and foundering are not 

supported with specific evidence: 

•   Tankers sail in coastal areas where a powered grounding may occur 10% of 
the time at sea (Rabaska 2004 as cited in Brandsæter and Hoffman 2010); 

•   Tankers sail in areas with heavy traffic where collisions may occur 20% of the 
time at sea (Rabaska 2004 as cited in Brandsæter and Hoffman 2010); 

•   Tankers sail in areas where land is within drifting distance and drift grounding 
may occur if the ship loses power 15% of the time at sea; and 

•   Tankers sail in open water where foundering may occur 90% of the time at 
sea. 
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Table 6.1. ENGP Estimated Historical Base Incident Frequencies for Tanker 
Incidents  

 Powered 
Grounding 

Drift 
Grounding Collision Foundering Fire/ 

Explosion 

Base LRFP incident frequency (per ship year) 4.42E-03 1.11E-03 6.72E-03 3.36E-05 2.41E-03 

Average distance sailed by tanker (nm) 74,022 

Portion of distance sailed where incident may occur 10% 15% 20% 90% 100% 

Distance sailed by tanker where incident may occur 7,402 11,103 14,804 66,620 74,022 

Base LRFP incident frequency (per nm) 5.98E-07 9.96E-08 4.54E-07 5.04E-10 3.26E-08 

Source: Brandsæter and Hoffman (2010).  Note: One ship year represents a total sailing distance of 74,022 
nm per year per tanker in operation. 

DNV then calculates incident data for the BC study area by multiplying the 

international frequency data from LRFP by scaling factors that compare risks in the 

study area to the international areas on which the incident data are based.  DNV divides 

the BC study area into nine segments and assesses scaling factors for each incident 

type.  The comparison uses 1.0 as a baseline and thus a scaling factor equal to 1.0 

suggests that the local conditions affecting risk are equal to the world average 

(Brandsæter and Hoffman 2010, p. 5-52).  Risk factors assessed by DNV depend on the 

type of incident and include the following categories: 

•   Navigational route: number of course changes; 

•   Measures: use of pilots with local knowledge; 

•   Navigational difficulty: visibility, currents, and disturbance from other vessels; 

•   Distance to shore: distance from ship to shore; 

•   Emergency anchoring: possibility to drop an emergency anchor; 

•   Traffic density: Number of vessels encountered during transit; and 

•   Weather conditions: Accounts for winds and currents. 

The Marine Shipping QRA uses an inclusive approach to estimate local scaling 

factors.  The information gathering process to determine scaling factors incorporated 

data obtained from local meetings and interviews with tug boat operators, barge 

operators, sports fishermen, environmental groups, and terminal operators (Brandsæter 

and Hoffman 2010, p. 4-46).  After scaling factors were developed, a workshop held by 

the risk assessment team and attended by experts in marine risk assessment, tanker 
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operations, and navigation validated the findings (Brandsæter and Hoffman 2010, p. 5-

52).   

There are three scaling factor categories for powered groundings and collisions, 

two scaling factors for drift groundings, one factor (weather) for foundering incidents, and 

no scaling factors for fire/explosion (Table 6.2).  Scaling factors range from 0.001 to 1.94 

for all incident types, suggesting that predicted incidents on some segments of the NGP 

tanker routes only represent 0.1% relative to the world average.  The overall average 

scaling factor for each incident type ranges between 0.22 for collision incidents and 1.11 

for drift grounding incidents.  DNV does not provide any information on the routes that 

the NGP routes are being compared to or how the scaling factors were estimated.  

Consequently it is not possible to assess the validity of the scaling factors. 

Table 6.2. ENGP Estimated Local Scaling Factors for Tanker Incident 
Frequencies  

Incident Type Scaling Factor Category Range of Total 
Scaling Factors 

Average Scaling 
Factor 

Powered Grounding Navigational 
Route Measures Navigational 

Difficulty 0.001 – 1.94 0.91 

Drift Grounding Distance to Shore Emergency 
Anchoring - 0.01 – 1.56 1.11 

Collision Traffic Density Measures Navigational 
Difficulty 0.01 – 0.54 0.22 

Foundering Weather 
Conditions - - 0.01 – 1.50 0.80 

Fire/Explosion n/a 

Source: Brandsæter and Hoffman (2010).  Note: Average scaling factor calculated based on data from 
Brandsæter and Hoffman (2010).   
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DNV determines the probability of a spill resulting from a tanker incident by 

estimating conditional spill probabilities based on LFRP data35.  According to 

Brandsæter and Hoffman (2010), LRFP categorizes damages for the four incident types 

into minor damage, major damage, and total loss and LRFP provides a frequency 

distribution for each damage category36.  DNV multiplies frequency distributions by 

probabilities of a spill for laden tankers and tankers in ballast for each damage category 

to determine the total conditional spill probabilities for each incident type in Table 6.3. 

Table 6.3. ENGP Estimated Conditional Spill Probabilities for Tanker Incidents 

Tanker Incident Type 
Conditional Spill Probability (%)  
Laden Ballast 

Grounding 32.7 6.4 
Collision 19.1 2.6 
Foundering 100 100 
Fire/Explosion 27.0 7.6 
Source: Brandsæter and Hoffman (2010). 

In addition to determining spill probabilities for various tanker sizes and oil 

outflows, DNV estimates probabilities for grounding and collision spills exceeding a 

certain volume.  Using a Monte Carlo simulation, DNV estimates the probability of a spill 

 
35  DNV estimates conditional probabilities using two approaches. I summarize the first approach 

based on LRFP data since DNV uses conditional probabilities from the first method in its 
analysis.  The second method (Method 2) estimates spill quantities (oil outflow) for bottom 
and side damages based on information from the International Marine Organization 
International Convention for the Prevention of Pollution from Ships (MARPOL) and estimates 
spill size distribution with Naval Architecture Package software (Brandsaeter and Hoffman 
2010) 

36  The Marine Shipping QRA provides definitions for the damage categories.  Minor Damage 
causes small indents to the vessel but does not penetrate the outer hull; there is very minor 
damage involving little repair.  Major Damage is damage to the tanker that penetrates the 
outer hull but the spill event is not categorized as total loss; structural, mechanical, or 
electrical damage that require repairs; a breakdown results in the tanker being towed.  Total 
Loss occurs when the tanker ceases to exist after an accident; cost of repairs exceeds 
insured value of ship; all cargo is lost. 
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greater than 10,000 m3 for a laden VLCC at 5.5% for grounding and 25% for collision.  

The probability of a grounding spill exceeding 25,000 m3 and 40,000 m3 is 1% and 0.2%, 

respectively, while the probability of a collision spill exceeding 20,000 m3 and 50,000 m3 

is 10% and 0.3%, respectively.  

DNV estimates unmitigated spill return periods for each type of tanker incident 

based on scaled incident frequencies, conditional probabilities, the length of each 

segment, and the number of times the route is travelled per year.  DNV presents 

unmitigated risk as a return period, which is the number of years between spill events, 

and is an alternative to stating the annual probability of a spill.  DNV calculates return 

periods for unmitigated spills based on forecast traffic of 149 oil tankers and 71 

condensate tankers and the distribution of tanker traffic on the northern and southern 

routes identified by ENGP (Table 6.4).  According to DNV, vessels will have the option of 

selecting which shipping route to use to access Kitimat Terminal and will select the route 

based on weather conditions and their final destination (Brandsæter and Hoffman 2010, 

p. 3-10).  However, DNV allocates the majority of traffic (118 of 220 tankers or 54%) in 

its analysis to Caamaño Sound, which has the shortest route distance of 190 nm and 

hence a higher return period (lower spill likelihood) than longer routes.   

Table 6.4. ENGP Estimated Forecast NGP Tanker Traffic per Route 

Route and Distance  Oil Condensate Total 
North Route (251 nm) 73 0 73 
South Route via Caamaño Sound (190 nm) 61 57 118 
South Route via Browning Entrance (259 nm) 15 14 29 
Total 149 71 220 
Source: Brandsæter and Hoffman (2010). 

According to DNV, the return period for an unmitigated oil/condensate spill is 

once every 78 years (Table 6.7).  DNV also evaluates unmitigated return periods for 

various oil spill sizes and estimates that a spill exceeding 5,000 m3 could occur every 

200 years while a spill exceeding 40,000 m3, could occur every 12,000 years (Table 6.8).  

DNV does not provide any rationale for the spill volume categories it uses to estimate 

these return periods. 
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The Marine Shipping QRA contains a sensitivity analysis examining the impacts 

of several parameters on spill return periods.  The four parameters include: 

•   Increased scaling factors for powered and drift grounding by 20%; 

•   Increased traffic density scaling factors up to 50% for collision incidents;  

•   Increased average tanker traffic to 250 tankers per year and decreased traffic 
to 190 tankers per year; and 

•   Increased travel distance in segments 5 and 8 to 200 nm from 65 and 75 nm, 
respectively. 

The sensitivity analysis tests the impact of changes in parameters on all three 

potential routes separately under the assumption that all 220 tankers forecast to call at 

Kitimat Terminal use the route being tested exclusively.  Therefore, the spill probabilities 

do not account for using a combination of routes.  Results from the sensitivity analysis 

suggest that return periods change modestly compared to baseline return periods (Table 

6.5).  

Table 6.5. ENGP Estimated Spill Return Periods from Sensitivity Analysis 

Sensitivity Parameter 

Return Period (in years) 

North Route 
South Route via 

Caamaño 
Sound 

South Route via 
Browning 
Entrance 

Baseline 69 83 84 

Sensitivity 1: Increase in Scaling Factors for Grounding  59 71 71 

Sensitivity 2: Increase in Traffic Density for Collisions  67 81 82 

Sensitivity 3a: Decrease to 190 Tankers per year 80 96 97 

Sensitivity 3b: Increase to 250 Tankers per year 61 73 74 

Sensitivity 4: 200 nm Extension to Segments 5 and 8 67 81 82 

Source: Brandsæter and Hoffman (2010).  Note: DNV does not provide overall return periods for the trip 
extension sensitivity analysis and thus I estimate return periods based on data from Brandsæter and 
Hoffman (2010). 

The next step in the DNV analysis estimates the impact of various mitigation 

measures on spill return periods.  DNV examines several risk reduction measures 

qualitatively including enhanced navigational aids, vessel traffic management system, 

environmental limits for safe operation, and the establishment of places of refuge along 

tanker routes.  The Marine Shipping QRA only quantitatively evaluates a single 
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mitigation measure: the tug escort plan.  DNV obtains the risk reducing effect of escort 

tugs from a confidential study it completed in 2002 and applies the downward 

adjustments directly to powered grounding, drift grounding, and collision incidents for the 

NGP (Table 6.6).  DNV provides no details on the confidential study in the NGP 

regulatory application.   

Table 6.6. ENGP Estimated Reduction in the Frequency of Incidents from Tug 
Use 

Incident Type Condition Reduction Effect 

Powered 
Grounding 

Laden with close and tethered tug 
80% Laden with close escort 

Ballast with close escort 

Drift Grounding 
Laden with close and tethered tug 90% 
Laden with close escort 

80% 
Ballast with close escort 

Collision Laden or ballast with close and/or tethered escort 5% 
Source: Brandsæter and Hoffman (2010).   

Mitigated return periods for oil/condensate tanker spills are much higher than 

unmitigated return periods (Table 6.7).  For all tanker spills, mitigation measures 

increase the spill return period from 78 years to 250 years.  Mitigation measures for 

powered and drift grounding increase return periods by three- and four-fold, respectively. 

Table 6.7. Comparison of Unmitigated and Mitigated Oil/Condensate Spill 
Return Periods Estimated by ENGP 

Incident Type Unmitigated Return Period 
(in years) 

Mitigated Return Period    
(in years) 

Powered Grounding 107 480 
Drift Grounding 535 2,758 
Collision 1,084 1,138 
Foundering 25,821 25,821 
Fire/ Explosion 1,838 1,838 
Total 78 250 
Source: Brandsæter and Hoffman (2010); Calculated based on Brandsæter and Hoffman (2010).  Note: 
DNV does not identify mitigation measures for foundering and fire/explosion spills. 
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DNV also estimates the impact of mitigation measures on return periods by size 

of the spill (Table 6.8).  The use of tugs increases return periods from 200 to 550 years 

for an oil spill greater than 5,000 m3.  

Table 6.8. Comparison of Unmitigated and Mitigated Return Periods for 
Various Oil Spill Sizes Estimated by ENGP 

Spill Volume (m3) Unmitigated Return Period 
(in years) 

Mitigated Return Period      
(in years) 

> 5,000 200 550 
> 20,000 1,750 2,800 
> 40,000 12,000 15,000 
Source: Brandsæter and Hoffman (2010). 

6.2.2. Magnitude of Effects 

ENGP identifies potential effects of a tanker spill in biophysical and human 

environments in Volume 8C of its regulatory application (Table 6.9).  To estimate 

potential effects for tanker spills, ENGP establishes baseline conditions, determines 

potential effects, identifies mitigation measures, and identifies any monitoring activities 

that should occur after the spill.  

Table 6.9. Overview of Potential Environmental and Human Effects of a Tanker 
Spill Identified by ENGP 

Ecosystem 
Component Spill Effect 

Plankton • Decrease in photosynthetic ability and changes in community structure 

Marine Vegetation 

• Sub-lethal effects from hydrocarbon accumulation, leaf-loss, changes in colour, and 
slowing reproductive and growth rates 

• Toxicity or mortality from limited access to light and nutrients (i.e. smothering) 
• Indirect effects from loss of vegetation including algal blooms and declines in 

invertebrate populations 
• Sensitivity to high-intensity clean up techniques 

Marine Invertebrates • Acute or chronic effects to health and habitat from smothering, changes in metabolic 
and feeding rates, reproduction inhibition, and altered shell formation 
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Ecosystem 
Component Spill Effect 

Fish and Fish Habitat 

• Mortality to adult and larval fish from ingesting hydrocarbons and contaminated prey 
• Sub-lethal effects from ingesting hydrocarbons that include changes in heart and 

respiratory rates, enlarged livers and damages to gill structure 
• Ecosystem effects through reduced plankton levels and mortality of herring eggs and 

juveniles that reduces prey for salmonids and other species  

Marine Birds 

• Toxicity or mortality from hypothermia, ingesting hydrocarbons or contaminated 
prey, asphyxiation, decreased breeding success, and increased expenditures in 
energy to remove oil 

• Loss or damage to habitat 

Marine Mammals • Acute effects from ingesting hydrocarbons, inhaling oil vapours, physical oiling, and 
changes in distribution 

Terrestrial Mammals 

• Direct toxicity or mortality through ingesting hydrocarbons, inhaling vapours, and 
physical oiling 

• Indirect mortality from habitat degradation or loss, diminished prey resources, and 
relocation to less productive habitats 

Heritage Resources 
• Contamination, degradation, and physical loss of heritage resources 
• Disturbance to heritage sites from spill containment and clean up activities 

Traditional Marine 
Resource Use 

• Effects on culture, traditional lands, and traditional practices that have implications 
for human health and community well-being 

Non-traditional Marine 
Use 

• Physical oiling to wharves, docks, boats, and other equipment in shoreline areas 
• Restrictions on marine access and access to marinas 
• Disruption to tourism activities resulting in loss of clients 
• Restrictions on recreational and commercial marine fishing 
• Disruption to transportation of log booms for forestry operations 
• Disruption to commercial vessels travelling to and from major ports in the region 
• Long-term damage to the region’s reputation as a pristine wilderness 

Socioeconomic  

• Temporary loss of employment and income for workers in spill-affected industries 
• Area closures that affect the well-being of residents and commercial operators in the 

tourism industry  
• Compensation for individuals, businesses, or Aboriginal groups that can 

demonstrate a quantifiable loss resulting from a spill 
Source: Compiled from ENGP (2010, Vol. 8C).   

ENGP identifies five tanker spill scenarios in its risk assessment in Volume 8C.  

These scenarios include four spills of 10,000 m3 (63,000 bbl) two of which occur in 

confined channel areas and two occur in open water areas, and one spill of 36,000 m3 

(226,000 bbl) in the confined channel area of Wright Sound (Table 6.10).  In the 
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summary below, I focus on the effects associated with the 36,000 m3 oil spill in Wright 

Sound since it represents the largest spill evaluated by ENGP and the proponent 

completed ecological and human health risk assessments for this spill scenario. 

Table 6.10. Tanker Spill Scenarios Identified by ENGP 

Spill Site Spill Size Type Time of Year and Conditions Scenario and Setting 

Emilia Island 10,000 m3 Synthetic light oil February – outflow conditions Tanker grounding in 
confined channel area 

Principe Channel 10,000 m3 Diluted bitumen July – inflow conditions Tanker grounding in 
confined channel area 

Ness Rock in 
Caamaño Sound 10,000 m3 Diluted bitumen February – typical conditions Tanker grounding in open 

water area 

Butterworth Rocks in 
North Hecate Strait 10,000 m3 Synthetic light oil July – typical conditions Tanker grounding in open 

water area 

Wright Sound 36,000 m3 Diluted bitumen July – inflow conditions Tanker collision in confined 
channel area 

Source: Compiled from ENGP (2010, Vol. 8C) 

To assess effects of a tanker spill in the project area, the proponent uses a mass 

balance approach that quantitatively determines the fate of hydrocarbons spilled in the 

environment.  A mass balance approach models the various amounts of contaminants 

from a spill in a defined period of time after the spill has occurred and determines the 

areas of an affected ecosystem where the contaminants of the spill settle, such as 

intertidal and subtidal environments (ENGP 2010, Vol. 8C).  The mass balance 

approach simulated a 36,000 m3 spill of dilbit from a tanker collision in Wright Sound in 

July.  The area of the spill has water depths of over 360 metres and a width of between 

3.7 km and 5.5 km (ENGP 2010, Vol. 8C).  The simulated collision involves the rupture 

of two compartments on the VLCC and all the dilbit in the two compartments eventually 

drains into the environment (ENGP 2010, Vol. 8C).  The model assumes that dilbit is 

released over a period of 13 hours, with most of the bitumen released immediately and 

the remaining oil released more slowly over the next 12 hours (ENGP 2010, Vol. 8C).  

The conditions modeled are typical of Wright Sound in the summer and a July 

spill would interact with the greatest range of marine organisms (ENGP 2010, Vol. 8C).  

Winds would blow mostly from the south-southwest at speeds varying from 0.5 to 10.5 
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metres per second, with short periods of northerly winds (ENGP 2010, Vol. 8C).  By the 

fifteenth day, ENGP estimates that 76% of the bitumen would be on the shore, 17% 

would have evaporated, 6% would be in the water column, and less than 1% would 

remain on the surface of the water (ENGP 2010, Vol. 8C).  The first shoreline contact 

would occur at Fin Island, eight hours after the spill and spilled oil could reach 240 km of 

shoreline (ENGP 2010, Vol. 8C).   

ENGP describes unmitigated effects to the biophysical and human environment 

of an oil spill at Wright Sound.  According to ENGP (2010, Vol. 8C p. 10-25), mitigation 

measures such as booming around tankers to contain spilled oil, skimmers and booms 

used to remove oil, and re-direction booming at sensitive areas would provide protection 

to many of the areas impacted by a spill in Wright Sound.  ENGP (2010, Vol. 8C) 

predicts the following biophysical impacts of a 36,000 m3 oil spill in Wright Sound in the 

summer: 

•   Sand and gravel mixed beaches have the potential for penetration and 
remobilization of oil where oil might persist; 

•   The spill would reach many sensitive and commercially important areas in the 
240 km of shoreline where dilbit might strand; 

•   Dilbit on the water surface, dispersed in water and coating the shoreline 
would result in short-term impacts to water quality and potentially longer-term 
effects on sediment quality; 

•   Rockweed, kelp and other algae and intertidal marine invertebrates would 
come in contact with shoreline oil; 

•   Migrating salmon in the summer could increase the presence of predators 
since marine mammals and birds tend to follow prey;  

•   Oiled fur or feathers pose the risk of hypothermia and animals could inhale or 
ingest oil from self-cleaning;  

•   Marine mammals would be most vulnerable when oil is on the surface and in 
narrow channels where evasion might be limited; and  

•   Terrestrial mammals and birds that feed and scavenge along the shoreline 
could come into contact with stranded oil. 

According to ENGP (2010, Vol. 8C), a 36,000 m3 oil spill in Wright Sound could 

have the following impacts on the human environment: 

•   Bitumen reaching intertidal and shoreline regions could affect heritage 
resources and traditional marine uses; 
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•   Aboriginal groups would be particularly sensitive because of their 
dependence on the sea for food, transportation, social and ceremonial 
purposes; 

•   There could be fisheries closures due to contaminant levels, conservation 
concerns or tainting; 

•   Effects to traditional uses could include impacts to food harvesting, and 
impacts to areas of cultural and sacred importance, as well as periodic 
habitation; 

•   Dilbit might affect heritage resource sites through contamination, or sites 
could be damaged by clean up activities; 

•   A spill would have effects on non-traditional marine uses at the marinas at 
Stephens Point, although likely effects would be aesthetic disturbances and 
restricted access to shorelines and marinas during the clean up; 

•   Vessels and marine infrastructure in contact with oil would be fouled; and 

•   A spill could temporarily disrupt vessel traffic and cause the loss of fish and 
shellfish resources over at least one season in communities and First Nation 
reserves in the area. 

In addition to identifying biophysical and human environmental impacts for each 

of the five oil spill scenarios, ENGP completes ecological and human health risk 

assessments for the 36,000 m3 oil spill in Wright Sound.  The ecological risk assessment 

conducted for the oil spill scenario at Wright Sound involves several steps, including 

identifying chemicals of potential concern, modeling the fate of chemicals of potential 

concern in the marine environment, completing exposure and hazard assessments, and 

estimating risks to ecological receptors (ENGP 2010, Vol. 8C).  ENGP models the 

effects of dilbit in marine water and subtidal environments and qualitatively evaluates 

potential effects of hydrocarbons in the marine environment with reference to the EVOS 

(ENGP 2010, Vol. 8C p. 11-10).  The qualitative assessment relies on a study titled 

Ecological Significance of Residual Exposures and Effects from the Exxon Valdez Oil 

Spill by Harwell and Gentile (2006) and information from the EVOS Trustees to 

corroborate results from its ecological risk assessment.  ENGP identifies many 

ecological receptors that are representative of marine resources and wildlife affected by 

an oil spill, describes impacts identified from the aforementioned literature, and predicts 

the extent and magnitude of effects to ecological receptors.  An overview is provided in 

Table 6.11 of all receptors identified by ENGP, mortality events referenced in the 

ecological risk assessment based on EVOS impacts, and the main conclusion drawn for 

each receptor in reference to the EVOS literature, with the exception of marine water 
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quality and subtidal sediment quality that ENGP evaluates quantitatively.   The overview 

demonstrates that there are many aspects of oil spill damage that are poorly understood 

based on the Exxon Valdez experience. 

Table 6.11. Receptors and Effects of Tanker Spill Predicted by ENGP  

Ecological 
Receptor Mortality Events Based on EVOS Prediction of Environmental Effects from the 

Ecological Risk Assessment 

Marine Water 
Quality 

No specific estimates for phytoplankton, zooplankton, 
marine plants, benthic invertebrates and fish mortality 

Potential for acute adverse effects to aquatic 
biota immediately after a spill 

Subtidal 
Sediment 
Quality 

No specific estimates for marine plants, benthic 
invertebrates and fish mortality 

Chronic adverse effects to benthic invertebrates 
in the subtidal area are unlikely 

Intertidal 
Sediment 
Quality 

No specific estimates for marine plants, benthic 
invertebrates and fish mortality 

Recovery within 5 years and effects no longer 
ecologically significant after 10 years 

Spotted 
Sandpiper 

No specific estimates for spotted sandpiper mortality; 
9 oystercatcher carcasses recovered 

Populations likely to substantially recover within 
5 years 

Surf Scoter 
No specific estimates for surf scoter mortality; mortality 
of Barrow‘s goldeneye and harlequin ducks was likely 
in the thousands 

Effects likely persist up to 10 years 

Marbled 
Murrelet 

No specific estimates for Marbled Murrelet mortality; 
thousands of seabirds died after the EVOS Effects not likely to persist more than 10 years 

Bald Eagle Approximately 250 bald eagles died from the oil spill Effects unlikely to persist more than 5 years 

Mink No specific estimates for mink mortality; 12 river otter 
carcasses recovered after the EVOS Effects may persist 5 to 10 years 

Sea Otter As many as 2,650 sea otters died from the spill Effects not likely to persist for more than 5 to 10 
years 

Steller Sea 
Lion 

No specific estimates for steller sea lion mortality; 
approximately 300 harbour seals died from the EVOS Effects might persist between 5 and 10 years 

Harbour 
Porpoise 

No specific estimates for harbor porpoise mortality; 
mortality rates for resident killer whale pods were 20% 
in 1989 

Effects might persist for 5 to 10 years 

Source: Compiled from ENGP (2010, Vol. 8C).  Note: ENGP (2010) evaluates marine water quality and 
subtidal sediment quality with toxicity models. 

In addition to the aforementioned receptors, ENGP identifies several other effects 

from the EVOS experience to support its ecological risk assessment.  Specifically, 

ENGP claims that: 

•   Effects of the EVOS on Pacific herring lasted no longer than one or two 
years; 
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•   There is no convincing evidence of the effects of the EVOS on pink salmon; 

•   Environmental effects on mussels are unlikely to be significant for more than 
five years; and 

•   By 2006, no ecologically significant effects remained in oystercatchers 
affected by the EVOS and the population recovered within five years (Harwell 
and Gentile 2006 as cited in ENGP 2010, Vol. 8C). 

Based on the EVOS literature, ENGP concludes that the environmental effects of 

an oil spill in Wright Sound may persist between five and ten years for many wildlife 

species (ENGP 2010, Vol. 8C).  ENGP also demonstrates quantitatively in its ecological 

risk assessment that aquatic biota in the water column and benthic invertebrates in the 

subtidal environment would be exposed to contaminants from an oil spill in Wright 

Sound. 

The human health risk assessment estimates the nature of negative human 

health impacts from exposure to chemicals in the contaminated environment following 

an oil tanker spill in Wright Sound (ENGP 2010, Vol. 8C).  The human health risk 

assessment evaluates potential risks to humans of consuming crabs, shellfish, mussels, 

and other invertebrates from the marine environment and focuses on Aboriginal peoples 

due to their close proximity to the projected spill site and increased consumption of 

marine-based foods (ENGP 2010, Vol. 8C).  The human health risk assessment 

measures concentrations of chemicals of potential concern.  These include benzene, 

toluene, ethylbenzene and xylenes, total petroleum hydrocarbons, polycyclic aromatic 

hydrocarbons, and volatile organic compounds in shellfish.  It also assesses human 

health impacts from exposure to chemicals according to risk thresholds.  ENGP 

establishes thresholds for carcinogenic exposures based on the incremental lifetime 

cancer risk recommended by Health Canada that considers an unacceptable level of risk 

as 1 in 100,000 for carcinogenic exposures (ENGP 2010, Vol. 8C p. 11-21).  ENGP 

establishes thresholds for non-carcinogenic exposures based on a hazard quotient of 

0.2 whereby exposures greater than 20% of the reference limit are considered 

unacceptable risks (ENGP 2010, Vol. 8C p. 11-21). 

The human health risk assessment predicts that, although seafood consumers 

would be exposed to contaminants from ingesting mussels, crabs and other types of 

seafood from the subtidal environment, these contaminants are not predicted to cause 
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chronic adverse effects to human health (ENGP 2010, Vol. 8C).  ENGP assumes that 

marine fish are less likely to be impacted by hydrocarbon contamination because of 

lower hydrocarbon concentrations in their tissues due to their greater capacity to 

metabolize hydrocarbons, their high mobility, and their large home ranges (ENGP 2010, 

Vol. 8C).  Thus, ENGP does not examine marine fish such as salmon in the risk 

assessment. 

In addition to the modeling exercise, ENGP references the following examples 

from the EVOS to illustrate potential economic and human health effects of spilled 

hydrocarbons: 

•   Salmon, herring, crab, shrimp, rockfish and sablefish fisheries were closed in 
1989 throughout Prince William Sound, Cook Inlet, the outer Kenai coast, 
Kodiak and the Alaska Peninsula;  

•   Commercial fisheries for shrimp and salmon remained closed in parts of 
Prince William Sound through 1990;  

•   No spill-related district-wide fisheries closures related to oil contamination 
have been in effect since 1989;  

•   By 2002, hydrocarbon residue levels in mussels after the EVOS decreased 
steadily to the point where concentrations of polycyclic aromatic 
hydrocarbons in mussel tissues at heavily oiled sites were not significantly 
different from levels measured at unaffected sites; and 

•   Hydrocarbon residues in mussel tissues are not likely to persist for more than 
three to five years at most locations, although residues can persist for 10 to 
12 years at heavily oiled sites (ENGP 2010, Vol. 8C). 

Based on this information, the human health risk assessment claims that risks 

borne by humans that consumed fish, crustaceans, and molluscs after the EVOS were 

manageable and short in duration since hydrocarbons were not persistent in fish or 

shellfish tissues after the spill (ENGP 2010, Vol. 8C p. 11-22).  From its human health 

risk assessment, ENGP concludes that there are no adverse effects from a spill on 

human health (ENGP 2010, Vol. 8C p. 11-27). 

Two years after the NGP regulatory application was submitted, Stantec et al. 

(2012) submitted reply evidence on behalf of ENGP entitled Recovery of the Biophysical 

and Human Environments from Oil Spills.  The purpose of the study is to examine the 

assertion made by interveners that biophysical and human environments do not recover 

after a spill.  To achieve this objective, the authors complete a literature review on oil 
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spill recovery from a review of scientific literature in peer reviewed journals and 

government studies and summarize case studies of specific oil spill events to document 

the recovery of valued ecosystem components after a spill.  

Stantec et al. (2012) review 114 studies and identify 174 valued ecosystem 

components from 48 spills.  The authors review spills from many sources including 

pipeline, tanker, experimental37, rail, and barge, among others, and selected relevant 

studies based on their cold or subarctic temperatures, the quality of information on the 

recovery of valued ecosystem components, and similar environmental characteristics to 

the NGP study area.  Pipeline spills represent 31% of all spill types reviewed by Stantec 

et al. (2012).   These include the Enbridge Line 6b spill in the Kalamazoo River and the 

Plains Rainbow Pipeline spill in AB, among others.   Tanker spills represent 29% of the 

types reviewed by Stantec et al. (2012) and include the Exxon Valdez, Braer, Amoco 

Cadiz, Sea Empress, and Selendang Ayu spills, among others.  From these studies the 

authors identify and categorize valued ecosystem components affected by a spill into 12 

classifications: algae, birds, fish, macroinvertebrates, mammals, microbial community, 

reptiles, vegetation, sediment, shoreline, soil, and water quality.  The study also 

classifies valued ecosystem components into the type of environment affected by the 

spill that includes freshwater, marine, terrestrial, and terrestrial/freshwater.  Further, the 

authors examine human environments associated with freshwater and terrestrial 

environments including commercial fisheries, recreational activities, food quality, and 

traditional use, among others.  The authors then provide a detailed review of the 

recovery of the valued ecosystem component in the literature for each category of the 

biophysical and human environment. 

To provide context for the discussion of valued ecosystem components that 

recover from a spill, Stantec et al. discuss how ecosystems recover and the various 

definitions for recovery that exist in the literature.  The authors identify the range of 

definitions for recovery that include a return to: natural equilibrium; previous conditions at 
 
37  Experimental spills refer to oil intentionally spilled into the environment in order to study its 

behaviour (Stantec et al. 2012, p. A-7) 
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some point in history; pristine conditions; a baseline state; natural variability; conditions 

that would have been without the spill; and a functional ecosystem.  A common theme in 

the definitions is the return to some desirable state.  The two concepts that underlie the 

definition of recovery in the Stantec et al. study include: (1) return to the state that would 

have existed in the absence of the spill; and (2) return to a functional ecosystem that 

produces ecological goods and services of value (Stantec et al. 2012, p. 3-8).   

From its review Stantec et al. (2012) conclude that recovery after an oil spill 

occurs and that recovery is common even though it takes time.  The authors state that 

the majority of valued ecosystem components in marine, freshwater, and terrestrial 

environments had either recovered, or were in the process of recovering, from the spills 

they researched (Table 6.12).  For those valued ecosystem components that had not 

recovered after a spill, Stantec et al. claim that other natural or anthropogenic factors or 

the duration of the study reviewed were responsible.  In terms of recovery time, the 

authors determine that the average recovery time for freshwater and marine 

environments was 2.3 and 5.8 years, respectively, whereas ecosystems such as 

marshes can take up to two decades to recover.  The authors estimate that the average 

time for a terrestrial environment to recover was 2 years, although they note that there 

was no sign of recovery after 16 years in half the studies reviewed.  Recovery of human 

environments impacted by a spill range from 2 to 5 years except in the event of 

prolonged litigation that would protract recovery times due to delayed compensation. 

Table 6.12. ENGP Estimated Recovery of Valued Ecosystem Components After 
a Spill 

Environment Not Recovered Recovering Recovered Total 
Freshwater 7 10 6 23 
Marine 13 33 51 97 
Terrestrial 8 6 2 16 
Terrestrial/Freshwater 0 2 2 4 
Total 28 51 61 140 
Source: Compiled from Stantec et al. (2012). 
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6.3. Terminal Spills 

6.3.1. Likelihood of Spill Event 

The Marine Shipping QRA also examines spills at the proposed marine terminal 

in Kitimat, BC where terminal operations would offload condensate from, and load dilbit 

onto, tankers calling at the port.  DNV examines tanker and terminal spills separately in 

the Marine Shipping QRA.  A separate QRA from the Bercha Group (2012a) submitted 

in response to an information request from the JR Panel examines risk associated with 

personnel safety at the proposed Kitimat Terminal focusing on acute risks to people.  For 

completeness I describe both risk assessments for marine terminal spills although I 

focus on the DNV analysis. 

The estimation of spill return periods for berthing/deberthing and cargo transfer 

operations at the marine terminal largely follows the methodology for tanker spills.  The 

approach in the Marine Shipping QRA estimates unmitigated and mitigated spill return 

periods at the marine terminal by: 

•   Determining base terminal incident frequencies; 

•   Determining conditional spill probabilities from an assessment of 
consequences; 

•   Estimating unmitigated spill return periods; and   

•   Identifying mitigation measures and applying measures in the calculation of 
mitigated spill return periods. 

Brandsæter and Hoffman (2010) determine incident frequencies for 

berthing/deberthing and cargo transfer operations at the marine terminal based on LRFP 

data and DNV’s research of operating terminals in Norway.  DNV examines four types of 

potential incidents at the marine terminal and determines that spills associated with 

cargo transfer operations pose the greatest spill risk (Table 6.13).  Although Brandsæter 

and Hoffman (2010) acknowledge that there is some risk of either a tanker striking the 

pier during berthing or a passing vessel impacting a tanker, these incidents are not 

included in the unmitigated return periods for terminal spills.  
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Table 6.13. Incident Types Examined for Marine Terminal Spills Identified by 
ENGP 

Terminal Incident Type Spill Likelihood Description 

Tanker Impacted by  
Tug n/a Harbour tugs will not achieve the speeds necessary to penetrate 

tanker hulls 

Tanker Strikes Pier 
During Berthing Low Energy produced from pier impact is not sufficient to penetrate tanker 

hull 

Tanker Impacted by 
Passing Vessel Low Risk is low due to low volume of vessel traffic passing Kitimat 

Terminal 

Cargo Transfer 
Operations Various Spill risk depends on the type of transfer operation failure 

Source: Compiled from Brandsæter and Hoffman (2010). 

DNV estimates spill probabilities and the distribution of cargo released per 

loading/discharging operation (Table 6.14).  DNV develops a spill size distribution for 

each event type from a review of historical databases from Norway and the United 

Kingdom and categorizes spill sizes according to the International Tanker Owners 

Pollution Federation Limited38.  DNV does not estimate large spills over 1,000 m3 from 

an incident associated with cargo transfer operations. 

 

 

 

 

 

 
38  According to Brandsæter and Hoffman (2010), the International Tanker Owners Pollution 

Federation Limited categorizes spills as follows: small spills (<7 tonnes ~ 10m3); medium 
spills (7-700 tonnes ~ 10-1,000m3); and large spills (>700 tonnes ~ 1,000m3). 
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Table 6.14. Spill Probability and Size Distribution for Cargo Transfer Operations 
Estimated by ENGP 

Event Type Spill Probability      
(per operation) 

Spill Size Distribution 

Small (< 10 m3) Medium (10 - 1,000 m3) 

Release from Loading Arm 5.1E-05 90% 10% 

Equipment Failure 5.1E-06 0% 100% 

Failure in Vessels Piping System or Pumps 7.2E-06 90% 10% 

Human Failure 7.2E-06 90% 10% 

Mooring Failure 3.8E-06 0% 100% 

Overloading of Cargo Tank 1.2E-04 0% 100% 

Source: Brandsæter and Hoffman (2010).  Note: Spill probabilities represent loading and discharge for every 
event type with the exception of overloading of cargo tank since overloading of cargo tank can only occur 
during loading operations. 

DNV presents unmitigated risk as return periods for spills, which it calculates 

based on forecast tanker traffic calls to Kitimat Terminal and spill size distributions for 

particular types of cargo transfer operations.  DNV estimates that unmitigated small or 

medium size oil/condensate spills from cargo transfer operations will occur once every 

29 years (see Table 6.15). 

DNV applies mitigation measures to its unmitigated risk evaluation and 

recalculates return periods for spills at the marine terminal.  DNV quantitatively 

evaluates a closed loading system with vapour recovery as the principal mitigation 

measure for spills at the marine terminal.  According to DNV, a closed loading system 

and vapour recovery unit would almost eliminate tank overfilling since the system can 

redirect excess oil from overfilled cargo tanks into alternate ship tanks (Brandsæter and 

Hoffman 2010, p. 131).  In the event that oil is spilled by overloading cargo tanks and not 

recovered by the vapour return system, the deck containment system would capture and 

direct the excess oil to vessel slop tanks (Brandsæter and Hoffman 2010, p. 131).  Thus, 

DNV claims that the risk of overloading cargo tanks drops to zero and this single 

mitigation measure more than doubles the return period (or reduces spill likelihood by 

half) for unmitigated oil/condensate spills from 29 to 62 years (Table 6.15).  
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Table 6.15. Comparison of Overall Unmitigated and Mitigated Oil/Condensate 
Spill Return Periods for Cargo Transfer Operations Estimated by 
ENGP 

Cargo Transfer Operation Unmitigated Return 
Period (in years) 

Mitigated Return  
Period (in years) 

Release from Loading Arm 89 89 
Equipment Failure 891 891 
Failure in Vessels Piping System or Pumps 631 631 
Human Failure 631 631 
Mooring Failure 1,196 1,196 
Overloading of Cargo Tank 56 n/a 
Total 29 62 
Source: Brandsæter and Hoffman (2010).  

In addition to the Marine Shipping QRA for terminal spills, the Bercha Group 

(2012a) prepared a report entitled Northern Gateway Pipeline Kitimat Terminal 

Quantitative Risk Analysis (referred to as Kitimat Terminal QRA) examining spill risk 

associated with operations at the marine terminal.  The Bercha Group submitted the 

report in May 2012 as a response to an information request from the JR Panel for the 

NGP.  The Kitimat Terminal QRA examines worker and public safety at the marine 

terminal measured according to the risk to individuals exposed to oil or condensate 

releases (Bercha Group 2012a).  The report does not examine risks to the environment 

or property surrounding the terminal.  

The Kitimat Terminal QRA uses a methodological approach that includes 

identifying hazard scenarios, determining failure frequencies that result in a spill, 

evaluating the consequences of spills, assessing risks, and recommending measures to 

mitigate risk (Bercha Group 2012a).  The Kitimat Terminal QRA examines failure 

frequencies that include the following terminal components: piping, pumps, storage 

tanks, and loading/unloading arms (Bercha Group 2012a).  Failure frequencies from the 

Kitimat Terminal QRA suggest that the return period for a rupture from one of the 

terminal components is 282 years (Table 6.16).  The volume of oil or condensate spilled 

from a leak or full rupture at one of the terminal components ranges between 10 m3 and 

80,000 m3 depending on the type of terminal component affected, the number of terminal 
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components involved, and other assumptions in the modeling of failure frequencies at 

the marine terminal (Bercha Group 2012a).   

Table 6.16. ENGP Estimated Rupture Failure Frequencies for Marine Terminal 
Components 

Component Rupture Failure 
Frequency 

Estimated Return  
Period (in years) 

Piping 1.00E-07 10,000,000 
Pumps 1.00E-04 10,000 
Oil Tanks 5.50E-05 18,182 
Condensate Tanks 1.50E-05 66,667 
Loading Arm - Oil 2.29E-03 437 
Unloading Arm - Condensate 1.09E-03 917 
Total 3.55E-03 282 
Source: Bercha Group (2012a, p. 4.4); Computed from Bercha Group (2012a).  Note: I estimate the return 
periods for component spills by taking the inverse of the failure frequency and estimate the total by summing 
failure frequencies. 

The Bercha Group (2012a) concludes that risks to individuals from operations at 

the marine terminal are within tolerable limits.  Based on risk thresholds, the authors 

determine that the public risk of becoming a casualty in the area surrounding the 

terminal are insignificant at less than one in one million, while casualty risks to workers 

are higher although tolerable at a range of between one in 10,000 and one in 100,000.  

The authors recommend mitigation measures to ensure safe operational and work 

procedures at the marine terminal. 

6.3.2. Magnitude of Effects 

ENGP identifies potential effects in biophysical and human environments of a 

spill at the marine terminal in Volume 7C of its regulatory application.  The approach 

undertaken by ENGP to estimate marine terminal spill effects is consistent with the 

approach used to identify effects of a tanker spill (i.e. establish baseline conditions, 

determine potential effects, identify mitigation measures, and recommend monitoring 

activities).  ENGP concludes that a spill at the marine terminal would have similar effects 
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to biophysical and human environments as a tanker spill (see Table 6.9 for a summary 

of the effects of a tanker spill).  

To discuss impacts and clean up activities of marine terminal spills in a specific 

context, ENGP develops hypothetical spill scenarios and assesses the impacts of these 

spills on the marine and terrestrial environments.  ENGP identifies two spill scenarios at 

the marine terminal that include one dilbit spill of 250 m3 and one condensate spill of 250 

m3 (Table 6.17).  

Table 6.17. Marine Terminal Spill Scenarios Identified by ENGP 

Type Spill Size Time of Year and Conditions Scenario and Setting 

Diluted Bitumen 250 m3 Summer - inflow conditions Loading Arm and Containment Boom Failure 

Condensate 250 m3 Summer - inflow conditions Spill During Transfer Operations 

Source: Compiled from ENGP (2010, Vol. 7C). 

ENGP uses a mass balance approach to determine the fate of dilbit and 

condensate spilled into the marine environment surrounding Kitimat Terminal.  

Approximately 30 minutes after a 250 m3 condensate spill, ENGP (2010 Vol. 7C) 

estimates that 51% of the condensate would evaporate, 36% would disperse into the 

water column, and 13% would strand on the shoreline.  Due to the persistence of diblit, 

ENGP (2010, Vol. 7C) expects that 5% of a 250 m3 dilbit spill would evaporate after 10 

hours, 2% would disperse in the water column, and 93% would strand on the shoreline.  

According to ENGP (2010, Vol. 7C), a 250 m3 oil or condensate spill at the marine 

terminal could have the following impacts on the biophysical environment: 

•   Penetration and remobilization of oil in coarse-grained beaches and 
persistent oil in sand flats; 

•   Short-term effects on water quality and potential long-term impacts on 
sediment quality; 

•   Oil would come in contact with rockweed, kelp, other seaweeds, marine 
invertebrates, and birds; 

•   Salmon migration into Douglas Channel could increase the presence of 
wildlife; 

•   Marine mammals and birds could inhale or ingest oil from self-cleaning and 
hypothermia may result from oiled fur and feathers;  
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•   Potential large effects to Marbled Murrelets that moult during the summer and 
would be unable to fly to escape dilbit; and  

•   Exposure to stranded oil for birds and marine mammals that feed and 
scavenge along the shoreline. 

ENGP (2010, Vol. 7C) anticipates that a 250 m3 oil or condensate spill at the 

marine terminal could have the following impacts on the human environment: 

•   Fisheries closures as a result of contamination, conservation concerns, or 
tainting; 

•   Potential effects to the Haisla First Nation that rely on the marine environment 
for food, transportation, and social and ceremonial purposes; 

•   Contamination or physical damage to heritage resource sites from the spill 
and its associated clean up; 

•   Recreation effects that include aesthetic disturbances and access restrictions 
to shorelines and marina, as well as contamination of vessels and marine 
infrastructure; 

•   Temporary disruption to vessel traffic in the region; and 

•   Loss of local fish and shellfish resources for a season or more due to 
mortality and contamination of fish and shellfish. 

ENGP also completed ecological and human health risk assessments for an oil 

or condensate spill at the marine terminal.  Similar to the ecological risk assessment for 

tanker spills, the ecological risk assessment for spills at the marine terminal identifies 

chemicals of potential concern, models the fate of chemicals of potential concern in the 

marine environment, completes exposure and hazard assessments, and estimates risks 

to ecological receptors (ENGP 2010, Vol. 7C).  ENGP models the effects of condensate 

and dilbit in marine water and subtidal environments based on the concentrations of 

chemicals of potential concern in water and sediment and assesses impacts to 

organisms based on their exposure to the chemicals (ENGP 2010, Vol. 7C p. 10-2-10-3).  

ENGP determines threshold concentrations, or the doses above which adverse effects 

are expected to occur, for certain species based on studies and regulatory guidelines 

(ENGP 2010, Vol. 7C p. 10-8). 

ENGP comes to different conclusions for condensate and dilbit spills.  For a 250 

m3 dilbit spill, ENGP determines that concentrations of chemicals of potential concern 

are below thresholds associated with a risk of acute adverse effects on aquatic biota (i.e. 
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fish or plankton) and are also below thresholds that indicate a potential risk of chronic 

adverse effects to subtidal benthic invertebrates (ENGP 2010, Vol. 7C p. 10-12).  For a 

250 m3 condensate spill, ENGP determines that concentrations of hydrocarbon 

compounds (i.e. benzene, toluene, ethylbenzene, xylenes, and total petroleum 

hydrocarbons) markedly exceed thresholds for potential risk of acute adverse effects for 

24 hours after a spill (ENGP 2010, Vol. 7C p. 10-9).  ENGP notes that aquatic biota in a 

condensate plume could experience acute lethality.  ENGP also estimates that 

concentrations of hydrocarbon compounds exceed thresholds that indicate a risk of 

chronic adverse effects to subtidal benthic invertebrates for up to a year after the 

condensate spill (ENGP 2010, Vol. 7C p. 10-10).  ENGP concludes that although acute 

and chronic adverse effects are likely to occur, these effects are reversible. 

The human health risk assessment estimates impacts to human health from 

exposure to chemicals after an oil or condensate spill at the marine terminal (ENGP 

2010, Vol. 7C).  The human health risk assessment measures potential risks to humans 

from ingesting molluscs, crabs, and other shellfish harvested within the spill area (ENGP 

2010, Vol. 7C).  ENGP uses the same thresholds for carcinogenic and non-carcinogenic 

exposures to determine human health effects from a marine terminal spill as those used 

to assess the human health effects of consuming shellfish after a tanker spill (see 

section 6.2.2).  ENGP (2010, Vol. 7C p. 10-16) determines that human exposure to 

chemicals of potential concern from consuming shellfish after a 250 m3 oil or condensate 

marine terminal spill are below thresholds that indicate a risk of chronic adverse effects.  

Therefore, ENGP (2010, Vol. 7C p. 10-16) concludes that there are no adverse effects to 

human health from a marine terminal spill. 

6.4. Pipeline Spills 

6.4.1. Likelihood of Spill Event 

The NGP regulatory application contains several pipeline spill estimates.  In its 

regulatory application submitted in 2010, ENGP prepared a section in Volume 7B 

estimating return periods for spills that occur along the pipeline route.  In 2012, 

WorleyParsons and the Bercha Group submitted additional risk analyses estimating 
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pipeline spill likelihood for the project in response to an information request from the JR 

Panel.  I describe the original pipeline spill analysis in Volume 7B, the Pipeline SQRA 

from WorleyParsons, and the Pipeline Safety QRA and Pump Station QRA from the 

Bercha Group. 

 ENGP estimates return periods for a hydrocarbon release that occurs along the 

pipeline route in Volume 7B of the NGP application39.  ENGP calculates spill return 

periods using NEB data on liquid pipeline failure frequency from 1991 to 2009.  

According to ENGP, NEB data best represent the NGP because data are based on 

hydrocarbon transmission lines under NEB jurisdiction (ENGP 2010, Vol. 7B).  ENGP 

notes that NEB data include pipelines up to 50 years old that use older technology and 

building material standards associated with an increased frequency of failures compared 

to modern pipelines.  Accordingly, ENGP factored improved design features and 

mitigation planning characteristic of modern pipelines into its failure frequency 

calculations, which decreases the probability of pipeline failure relative to NEB failure 

frequency data.  The NGP pipeline spill analysis does not provide the original or 

adjusted NEB spill data that were used in the analysis, does not document the 

adjustments made to the NEB data and provides no evidence to support the downward 

adjustment of NEB spill rates for the NGP. 

ENGP estimates return periods for various spill size categories of hydrocarbon 

releases for six regions along the pipeline route.  ENGP bases spill size categories on 

NEB classifications whereby a small spill is less than 30 m3, a medium spill ranges 

between 30 and 1,000 m3, and a large spill exceeds 1,000 m3 (ENGP 2010, Vol. 7B p. 3-

2).  ENGP identifies the six physiographic regions along the pipeline route as the 

Eastern Alberta Plains, the Southern Alberta Uplands, Alberta Plateau, Rocky 

Mountains, Interior Plateau, and the Coast Mountains.  

 
39  ENGP refers to pipeline spills as hydrocarbon spills (ENGP 2010, Vol. 7B p. 3-1).  I interpret 

hydrocarbon spills to include both oil and condensate and thus assume spill return periods 
represent oil or condensate spills. 
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Based on the adjusted NEB frequency data, ENGP estimates spill return periods 

for medium spills range between 118 and 1,082 years for each physiographic region, 

while spill return periods for large spills range between 275 and 2,525 years per region 

(Table 6.18).  ENGP does not combine spill return periods for the six regions nor does it 

combine return periods for medium and large spills.  Combined, the six regions result in 

spill return periods for medium and large spills of 41 and 95 years, respectively, for the 

entire pipeline route.  Similarly, combining overall return periods for medium and large 

spills for the entire length of the pipeline results in a return period of 28 years.  ENGP 

neither estimates, nor presents spill return periods, for small spills, yet simply states 

“Smaller releases (less than 30 m3) occur more frequently” (ENGP 2010, Vol. 7B p. 3-2).   

Table 6.18. Spill Return Periods for the Northern Gateway Pipeline Estimated by 
ENGP 

Cargo Transfer Operation Segment Length 
(km) 

Return Period (in years) 
Medium Spill Large Spill 

Eastern Alberta Plains 166 287 669 
Southern Alberta Plains 350 136 317 
Alberta Plateau 44 1,082 2,525 
Rocky Mountains 103 462 1,079 
Interior Plateau 404 118 275 
Coast Mountains 105 454 1,058 
Total 1,172 41 95 
Combined Medium and Large Spills 28 
Source: Calculated from ENGP (2010, Vol. 7B p. 3-2).  Note: Medium spills represent 30 to 1,000 m3 and 
large spills represent spills > 1,000 m3.  I combine spill return periods for each segment to represent the spill 
return period for the entire pipeline route and combine return periods for medium and large spills into a 
single return period. 

In addition to Volume 7B, ENGP contracted WorleyParsons to prepare a risk 

assessment evaluating the likelihood of pipeline leaks and ruptures.  The report entitled 

Semi-Quantitative Risk Assessment (referred to as Pipeline SQRA) uses the following 

approach to evaluating risk: 

•   Identify hazards that threaten the integrity of the pipeline system; 
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•   Estimate failure frequencies based on failure frequency modeling and expert 
judgment; 

•   Determine areas along the pipeline that have higher consequences from a 
full-bore rupture (pipeline spill releasing dilbit in an unconstrained manner); 
and 

•   Examine the severity of unmitigated risk based on the frequency and 
consequence of the rupture (WorleyParsons 2012). 

The Pipeline SQRA determines spill frequencies for leaks and full-bore pipeline 

ruptures over the length of the NGP pipeline40.  The analysis uses several 

methodological approaches and datasets including a failure frequency model that uses 

data from recently constructed pipelines, particularly Enbridge Line 4, as well as pipeline 

spill data from the US Department of Transportation Pipeline and Hazardous Materials 

Safety Administration from 2002 to 2009.  The report evaluates eight hazards related to 

pipeline ruptures including internal corrosion, external corrosion, materials and 

manufacturing defects, construction defects, equipment failure, incorrect operations, 

damage from third parties, and geotechnical and hydrological threats (Table 6.19).  The 

report also evaluates the potential for stress corrosion cracking.  The authors claim that 

the risk of stress corrosion cracking is negligible because the Northern Gateway 

pipelines would use coating systems used by other pipelines that, as of 2012, have 

never experienced a failure (WorleyParsons 2012, Att. 1 p. 21).  However, the authors 

provide no historical information or data on the use of coating systems that allegedly 

reduce the likelihood of stress corrosion cracking. 

The authors of the Pipeline SQRA estimate that the probability of a 594 bbl (94 

m3) oil pipeline leak is 0.249, which results in a return period of 4 years.  For full-bore 

ruptures releasing oil in an unconstrained manner, the Pipeline SQRA estimates an 

 
40  The WorleyParsons report focuses on full-bore pipeline ruptures, which according to 

WorleyParsons (2012, p. 4), is a pipeline spill that releases hydrocarbons in an unconstrained 
manner. The WorleyParsons report contains several attachments, including a failure 
likelihood assessment by Dynamic Risk Assessment Systems that estimates likelihoods for 
pipeline leaks and a quantitative geohazard assessment from AMEC Environment & 
Infrastructure. For simplicity, I refer to the WorleyParsons report in its entirety including all the 
report’s attachments. 
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annual probability of 0.0042 (return period of 239 years) for a pipeline rupture releasing 

14,099 bbl (2,242 m3) of oil.  In addition to estimating oil spills, WorleyParsons (2012) 

estimates return periods for a 593 bbl (94 m3) condensate leak of 4 years and a 5,183 

bbl (823 m3) condensate rupture of 273 years. 

Table 6.19. ENGP Estimated Spill Return Periods for Leaks and Full-bore 
Ruptures 

Pipeline Hazard 
Return Period (In years) 

Oil Pipeline Condensate Pipeline 
Leak Rupture Leak Rupture 

Internal corrosion 0 0 0 0 
External corrosion 0 0 0 0 
Materials and manufacturing defects 652 652 652 652 
Construction defects 39 0 39 0 
Equipment failure 5 0 5 0 
Incorrect operations 47 0 47 0 
Damage from third parties 436 1,308 1,385 4,149 
Geotechnical and hydrological threats 0 530 0 530 
Total 4 239 4 273 
Source: WorleyParsons (2012). 

The Bercha Group prepared two risk assessments examining separate risks from 

pump stations and pipeline ruptures associated with the Northern Gateway pipelines.  

Both studies use a similar methodological approach that includes determining hazards, 

assessing the frequency of occurrence of a spill, evaluating spill consequences, 

assessing risk, and identifying mitigation measures that reduce risk (Bercha Group 

2012b; 2012c). 

The first Bercha Group (2012c) study entitled Northern Gateway Pipeline Pump 

Station Quantitative Risk Analysis (Pump Station QRA) assesses worker and public 

safety risks from an oil or condensate spill at Smoky River Station, the largest pump 

station along the pipeline route in AB near Grande Prairie.  The Bercha Group obtained 

piping and pump failure frequencies from a report entitled Guidelines for Quantitative 

Risk Assessment produced by Ministry of Housing, Spatial Planning and the 
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Environment in the Netherlands and uses incident statistics from the most recent decade 

of data (Bercha Group 2012c, p. 4.1).  Based on failure frequencies, the return periods 

for oil or condensate leaks or ruptures at the pump station range between 332 and 4,082 

years (Table 6.20).  To estimate consequences of spills at Smoky River station, the 

Bercha Group (2012c) estimates the amount of oil and condensate leaked from a spill at 

50 m3 and the amount of oil or condensate released as a result of a rupture at 300 m3 or 

1,000 m3, respectively.  The authors conclude that risks to individuals from an oil or 

condensate release at Smoky River station are within tolerable limits.  Based on risk 

thresholds, the Bercha Group (2012c) determines that the public risk of becoming a 

casualty in the area surrounding the pump station is insignificant at below one in 

1,000,000, while casualty risks to workers are higher although tolerable at a range of 

between one in 10,000 and one in 100,000.  The authors recommend mitigation 

measures to ensure safe operational and work procedures at the Smoky River pump 

station.   

Table 6.20. Frequencies for Piping and Pump Spills at Smoky River Station 
Estimated by ENGP 

Type of Spill Failure Frequency 
(per year) 

Return Period 
(in years) 

Release Volume  
(m3) 

Oil Leak 3.01E-03 332 50 
Oil Rupture 6.02E-04 1,661 1,000 
Condensate Leak 1.22E-03 820 50 
Condensate Rupture 2.45E-04 4,082 300 
Source: Bercha Group (2012c); Computed from Bercha Group (2012c).  Note: I estimate spill return periods 
by taking the inverse of the failure frequency. 

The second Bercha Group (2012b) study entitled Northern Gateway Pipeline 

Public Safety Quantitative Risk Analysis (Pipeline Safety QRA) identifies areas along the 

pipeline route that are known to have high concentrations of people and determines the 

risk to individuals of a pipeline spill at those locations.  The authors identify three heavily 

populated areas that could be affected by a pipeline spill: A casino near Whitecourt, AB; 

Burns Lake, BC; and Kitimat, BC.   

To estimate public risk from a pipeline spill, the Bercha Group (2012b) estimates 

the failure frequency of the NGP pipeline based on historical pipeline rupture data from 
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the NEB from 1991 to 2009 and makes several adjustments to the data to incorporate 

various improvements in pipeline operations.  The failure rate of 0.372 per 10,000 km 

per year (10,000 km-year) based on NEB historical data decreases significantly to 0.109 

spills per 10,000 km-year due to numerous downward adjustments ranging from 60% to 

90% (Table 6.21).  The Bercha Group (2012b) concludes that risks to public safety from 

a pipeline failure near the Casino at Whitecourt, Burns Lake, and Kitimat are 

insignificant.  Risks to residents and indoor and outdoor workers from a pipeline 

releasing oil, condensate, or both are all below one in 1,000,000 per year, which the 

Bercha Group determines are acceptable levels of risk (Bercha Group 2012b).   

Table 6.21. Pipeline Failure Frequencies Estimated by ENGP 

Pipeline 
Failure 
Causes 

NEB Failure Rate 
(per 10,000 km-year) 

NGP Failure Rate 
(per 10,000 km-year) 

Downward 
Adjustment Reason for Adjustment 

Metal Loss 0.085 0.017 80% Modern piggable pipelines are less likely to 
fail than pipelines represented in NEB data 

Cracking 0.128 0.013 90% 
Advanced coating technologies, low stress 
design, and fatigue avoidance through 
design and operations 

External 
Interference 0.021 0.021 - n/a 

Geotechnical 
Failure 0.021 0.021 - n/a 

Material 
Failure 0.021 0.009 60% 

Construction quality control, 
inspection/testing after construction, and 
operational surveillance 

Other Causes 0.096 0.028 71% Estimated as same percentage as NEB 
data (approximately 26%) 

Total 0.372 0.109 71%  

Source: Bercha Group (2012b).  Note: pigging refers to performing maintenance, cleaning, and/or inspection 
of a pipeline using a device known as a “pig” that is inserted into a pipeline. 

6.4.2. Magnitude of Effects 

In Volume 7B of its section 52 application, ENGP identifies potential effects of a 

pipeline spill to various ecosystem components in biophysical and human environments 

(Table 6.22).  To estimate these potential effects from pipeline spills, ENGP establishes 

baseline conditions, determines potential effects, identifies mitigation measures, and 

identifies any monitoring activities that should occur after a spill.  
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Table 6.22. Overview of Potential Environmental and Human Effects of a 
Pipeline Spill Identified by ENGP 

Ecosystem 
Component Spill Effect 

Soils 
• Contaminants persistent in soils for long periods affect water retention and 

transmission, pH, nutrients, biological activity, and soil suitability for vegetation 
growth 

Hydrogeology • Reduction in groundwater quality from contaminants dissolving and infiltrating 
shallow groundwater 

Surface Water 
Resources 

• Deterioration of water and sediment quality from lakes, streams, wetlands, and 
drainage channels affected by a spill 

Vegetation 

• Effects to vegetation from physical smothering, altered soil and water chemistry and 
toxicity 

• Inhibited seed germination and plant growth 
• Loss of, or deterioration in, plant health may lead to a loss of diversity, rare plant 

species, and rare ecological communities 

Wildlife 

• Toxicity and mortality to birds, mammals, reptiles, and amphibians from: 
• Loss of thermoregulation and buoyancy from physical contact 
• Inhalation and ingestion of hydrocarbons 
• Habitat loss or degradation 
• Diminished food 

Fish and Fish Habitat • Mortality to adult and juvenile fish from physical smothering and exposure to acute 
or chronic toxicity 

Heritage Resources • Effects to pre-contact, historic, and paleontological sites and the artifacts and fossils 
they contain as a result of contamination and clean up activities 

Aboriginal Traditional 
Knowledge and 
Traditional Use 

• Impacts to harvesting areas, traditional use areas, and community well-being from 
the effects of spills, accidents, or malfunctions 

Non-traditional Land 
Use 

• Loss or damage to crops and pastureland from spills and clean up activities 
• Closure of recreational fisheries, camping sites, boating areas, and hunting activities 

Socioeconomic 
Conditions 

• Damages to land and resources to private landowners, timber rights holders, water 
license holders, and trappers 

• Economic loss and loss of traditional foods experienced by Aboriginal groups 
• Compensation for adverse effects incurred by guides, fishing lodges, and 

commercial fishers 
• Additional costs associated with adverse impacts to recreational use by the public  

Source: Compiled from ENGP (2010, Vol. 7B).   

Further, ENGP develops hypothetical examples of spills along the pipeline route 

and assesses impacts in the freshwater and terrestrial environments to discuss 
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environmental impacts and clean up activities in a specific context.  To estimate the 

magnitude of impacts from specific spills along the pipeline route, ENGP identifies four 

pipeline spill scenarios in its risk assessment.  The spill scenarios include two spills of 

100 m3 and two spills of 2,000 m3 that release dilbit or condensate (Table 6.23).  

Table 6.23. Pipeline Spill Scenarios Identified by ENGP 

Spill Site Location Spill Size Scenario and Setting 

Agricultural Land Eastern AB Plains 100 m3 Leak due to induced physical stress 

Fen Wetland Southern AB Uplands 100 m3 Leak due to pipe defect 

Low-Gradient Watercourse BC Interior Plateau 2,000 m3 Pipeline rupture or failure 

High-Gradient Watercourse BC Coast Mountains 2,000 m3 Pipeline rupture or failure 

Source: Compiled from ENGP (2010, Vol. 7B).  Note: All spills represent dilbit or condensate spills. 

ENGP determines that the majority of oil or condensate from a 100 m3 spill would 

either evaporate or be recovered after the spill.  After the hypothetical spills in Eastern 

AB Plains and the Southern AB Uplands, ENGP (2010, Vol. 7B) expects that 0.6% to 

1.5% of dilbit or 38% to 50% of condensate would evaporate within the first week of the 

spill and that upwards of 99% of the remaining hydrocarbons could be recovered.  

According to ENGP (2010, Vol. 7B), the primary impacts from a pipeline leak on 

agricultural land include impacts to soil quality and potential groundwater contamination.  

These impacts could disrupt agricultural activities until soil and groundwater are 

remediated.  ENGP also expects some wildlife mortality, although it provides no 

discussion of the various species potentially impacted by a spill.  In terms of impacts to 

wetlands, ENGP estimates that a few species, particularly amphibians, might experience 

mortality from a 100 m3 spill although ENGP claims that fen wetlands at the spill site are 

not highly used by wildlife (ENGP 2010, Vol. 7B p. 9-14).  ENGP concludes that the 

effects of a 100 m3 spill are reversible with clean up and remediation.   

For a larger spill of 2,000 m3, ENGP (2010, Vol. 7B) estimates that up to 15% of 

the dilbit spilled would evaporate within seven days and that at least 60% of the 

condensate would evaporate within six hours of the spill.  ENGP uses the Crooked River 

located 70 km north of Prince George, BC to estimate the effects of a 2,000 m3 spill in a 

low-gradient watercourse.  According to ENGP (2010, Vol. 7B), the spill would adversely 

affect water quality as sediment becomes contaminated and adversely affect fish that 
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experience mortality and a loss of habitat.  ENGP also expects some wildlife mortality, 

particularly amphibians.  Fishing closures would negatively affect recreational fishing 

and increase travel costs for fishermen travelling to alternative fishing areas (ENGP 

2010, Vol. 7B).  To estimate effects of a spill in a high-gradient watercourse, ENGP uses 

Hunter Creek in the upper Kitimat River watershed that flows into Kitimat River.  

According to ENGP (2010, Vol. 7B), a spill in Hunter Creek would adversely impact 

water quality, fish and fish habitat, terrestrial vegetation, wildlife, non-traditional land-use, 

and community well-being, and these impacts could be long-term in length.  Fish species 

potentially impacted by a spill include pink salmon, sockeye salmon, chum, Chinook, and 

coho salmon, rainbow trout, steelhead, cutthroat trout, and Dolly Varden (ENGP 2010, 

Vol. 7B).  Further, the Kitimat River system is an important foraging location for grizzly 

bears, bald eagles, and ospreys (ENGP 2010, Vol. 7B).  Fisheries closures could last up 

to four years, which would negatively impact local residents, fishing guides, and tourism, 

and would have noticeable impacts in the Kitimat community (ENGP 2010, Vol. 7B).  

6.5. Summary of Evidence 

A partial summary of spill risk results from the NGP regulatory application is 

presented in Table 6.24.  For tanker spills, return periods range between 78 years for an 

unmitigated oil or condensate spill of any size to 15,000 years for a mitigated oil spill 

exceeding 40,000 m3.  Terminal spills range from one unmitigated oil/condensate spill of 

any size occurring every 29 years to one mitigated spill every 430 years for medium oil 

spills releasing 10 to 1,000 m3 of oil.  Pipeline spills range from a leak releasing 94 m3 

every two years to a full-bore rupture releasing 2,238 m3 of oil every 239 years.  The 

ENGP regulatory application does not evaluate overall spill likelihood for tanker, 

terminal, and pipeline spills.   

The proponent concludes from the analysis of spill risk for the NGP that the 

likelihood of a tanker, terminal, or pipeline spill is negligible.  ENGP states that the 

overall levels of unmitigated tanker and terminal spill risk for the NGP are acceptable in 

many other international jurisdictions and that mitigation measures implemented for the 

NGP would reduce tanker and marine terminal spill rates to well below the world 

average (ENGP 2010, TERMPOL Study No. 3.15 p. 4-20).  In terms of pipeline spills, 
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ENGP argues that full-bore rupture frequencies are “extremely low” and it plans to 

implement an integrity management program to address any residual risk 

(WorleyParsons 2012, p. 34).  Further, the Bercha Group (2012a; 2012b; 2012c) 

concludes that risks from terminal spills, pipeline spills, and pump stations spills are 

insignificant.  Thus, for oil spills, ENGP asserts that the NGP is not likely to cause 

significant adverse environmental effects under the CEAA 2012. 

Table 6.24. Summary of Spill Return Periods for the NGP Estimated by ENGP 

Type of Spill Return Period (in years) 

Tanker 

Any size spill 
Oil 110 - 350 
Oil/Condensate 78 - 250 

Oil spill exceeding 
5,000 m3 200 - 550 
20,000 m3 1,750 - 2,800 
40,000 m3 12,000 - 15,000 

Terminal 

Any size spill 
Oil 34 - 90 
Oil/Condensate 29 - 62 

Small spill (< 10 m3) 
Oil 110 
Oil/Condensate 77 

Medium spill (10 - 1,000 m3) 
Oil 49 - 430 
Oil/Condensate 46 - 294 

Pipeline 
Leak (94 m3) 

Oil 4 
Oil/Condensate 2 

Rupture 
Oil 239 
Oil/Condensate 128 

Source: Brandsæter and Hoffman (2010); WorleyParsons (2012 as cited in WM 2012).  Note: Range 
represents mitigated and unmitigated spill risk with the exception of pipeline spills.  According to 
WorleyParsons (2012), average size oil pipeline rupture is 2,238 m3 and average size condensate rupture is 
823 m3.  

In terms of the magnitude of spill effects, ENGP concludes that there could be 

acute and chronic adverse effects to some valued ecosystem components in biophysical 

and human environments after a tanker, terminal, or pipeline spill.  However, ENGP 

does not determine whether such potential adverse effects would be significant as 

required in CEAA 2012.  Further, ENGP claims that valued ecosystem components 
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would recover after an oil or condensate spill, even though recovery may take up to two 

decades in some ecosystems such as marshes (Stantec et al. 2012).  
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7. Evaluation of the NGP Application Under the 
Canadian Environmental Assessment Act 

7.1. Introduction 

This chapter evaluates risk assessment methodologies in the NGP application 

described in Chapter 6, to assess the degree to which the information provided 

addresses the requirements specified in the CEAA 2012.  The evaluation of risk 

assessments in the NGP application is based on a set of good practices criteria for the 

preparation of risk assessment that I derive from relevant literature.  Good practices are 

standards for performance developed from experience in other settings.  The rationale 

for developing good practices is to provide guidance for risk assessment practitioners to 

accurately characterize risk such that decision-makers have the best information 

available to make an informed decision about the likelihood and consequences of an 

outcome.   

This chapter begins with an overview of the methods and data I use to develop 

good practices.  I then provide an overview of risk assessment to establish context for 

the list of good practices and subsequent evaluation.  In section 7.4 I describe good 

practices developed from the risk assessment literature that I use in the next section to 

evaluate the tanker, terminal, and pipeline risk assessments in the NGP regulatory 

application.  I then discuss the findings of my evaluation and describe their implications 

for decision-making criteria under the CEAA 2012.  I conclude the chapter with a 

discussion of the limitations of my approach. 

7.2. Methods and Data 

The methodological approach to the evaluation of the NGP application in 

comparison with good practices follows two major steps.  First, I develop a set of good 
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practices for risk assessment from a review of existing risk assessment literature.  The 

risk assessment literature consists of practices and principles developed by international 

standards organizations and government agencies in different jurisdictions (NRC 1996; 

CSA 1997; US EPA 1998; BC MELP 2000; US EPA 2000b; 2004; IALA 2008; NRC 

2009), as well as practices and principles developed for particular components of the 

risk assessment process (Keeney and von Winterfeldt 1991; Otway and von Winterfeldt 

1992; Ayyub 2001; Nilsen and Aven 2003; US EPA 2004; Aven 2008b; Vose 2008; 

Budescu et al. 2009; Krueger et al. 2012).  The risk assessment literature also 

characterizes different types of risk assessment in different disciplines (ABS 2000; 

Williams and Paustenbach 2002; Demidova and Cherp 2005; Kapustka 2008; Ragas 

2011), critiques of risk assessment (O'Brien 2000; Ball 2002; Gregory et al. 2006; 

Kapustka 2008; Aven 2010; Ragas 2011; Aven 2012), and lessons learned from case-

studies (Otway and von Winterfeldt 1992; Aven and Vinnem 2005; Failing et al. 2007). 

Despite its breadth and depth, the risk assessment literature contains several 

limitations.  The first limitation is a lack of consistency and confusion in the terminology 

used, which Aven (2012) notes is a major weakness in the risk analysis field.  A second 

limitation of the risk assessment literature is the range of different views on what makes 

a good risk assessment.  Although there are similarities among the principles of risk 

assessment developed by different analysts, divergent perspectives exist on the 

importance of particular concepts, principles, and methods of risk assessment (Aven 

2012).  A third limitation is the focus on the process of risk assessment over the utility of 

the results (NRC 1983; Fairbrother et al. 2007).  Fourth, there have been few case study 

evaluations of risk assessments in comparison with good practices, which represents a 

gap between the theoretical good practices and their practical application.  Finally, there 

are no formal guidelines or good practices established for risk assessment in the EA 

process administered by the CEAA 2012 that provides the regulatory framework in which 

decision-makers judge the likelihood of significant adverse environmental effects.  These 

limitations support the need to synthesize the existing literature into a comprehensive set 

of good practice criteria suitable to evaluate risk in the NGP application.   

The next step is to use this set of good practices to evaluate the NGP risk 

assessments.  I focus on spill risk assessments because this is a primary consideration 

in determining the likelihood that the NGP will cause significant adverse environmental 
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effects.  An evaluation of spill risk requires assessing the two components of risk: the 

likelihood that an adverse impact will occur and the magnitude of the adverse impact.  

My evaluation focuses on the former component of risk, that is the likelihood that an 

adverse impact (i.e. a spill) will occur.  A comprehensive assessment of the magnitude 

of effects of a spill is outside the scope of this dissertation.  Nonetheless, a 

comprehensive study from the US Department of the Interior assessing impacts of 

potential oil spills in Cook Inlet, Alaska, an area with characteristics similar to the BC 

study area, predicts that an oil spill as small as 238 m3 (1,500 bbl) could have 

significant41 adverse environmental impacts (US DOI 2003)42.  To evaluate the risk 

 
41  The US Department of the Interior uses a definition for significance consistent with the 

Council on Environmental Quality National Environmental Policy Act regulations, which 
defines significance in terms of context and intensity (US DOI 2003, p. IV-1): 
“Context” considers the setting of the Proposed Action, what the affected resource might be, 
and whether the effect on this resource would be local or more regional in extent. “Intensity” 
considers the severity of the impact, taking into account such factors as whether the impact is 
beneficial or adverse; the uniqueness of the resource (for example, threatened or 
endangered species); the cumulative aspects of the impact; and whether Federal, State, or 
local laws may be violated…Our [US DOI] EIS (environmental impact statement) impact 
analyses address the significance of the impacts on the resources considering such factors 
as the nature of the impact (for example, habitat disturbance or mortality), the spatial extent 
(local and regional), temporal and recovery times (years, generations), and the effects of 
mitigation (for example, implementation of the oil-spill-response plan). 

42  The US DOI (2003) environmental impact statement assesses economic, environmental, and 
sociocultural impacts associated with the exploration, development, and production of the 
Cook Inlet Outer Continental Shelf in Alaska.  One component of the study involves an 
assessment of the effects of a large oil spill, which the US Department of the Interior defines 
as a spill greater than or equal to 1,000 bbl (159 m3).  The authors use the OSRA model with 
spill rates from Anderson and LaBelle (2000) to determine spill occurrence and an oil spill 
trajectory model that reflects physical conditions of the environmental setting to determine the 
chance that the spill might contact environmental resources.  The authors then estimate 
impacts to economic, environmental, and sociocultural resources affected by the hypothetical 
spill based on the modeling results, characteristics of the affected environment, documented 
impacts from previous spills in the Alaska region (i.e. Glacier Bay and Exxon Valdez) and 
peer-reviewed studies.  The Cook Inlet environmental impact statement estimates the 
following potentially significant impacts from a 1,500 bbl (238 m3) oil platform spill or a 4,600 
bbl (731 m3) pipeline spill: (1) Beach and intertidal fish habitat impacts could last more than a 
decade from residual oil; (2) Mortality of endangered and threatened species such as sea 
otters and Steller sea lions could occur; (3) Commercial fisheries could close for an entire 
season due to tainting concerns; (4) Oil remaining in shoreline sediments for up to 10 years 
could impact clam and shellfish sport fisheries; (5) Recreation and tourism areas could close 
partially or completely; (6) Oil spill clean-up activities could disturb archaeological resources; 
and (7) Negative effects could occur to intrinsic values of National and State parks. 
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assessments for tanker, terminal, and pipeline spills in the NGP application with good 

practices, I use the documents identified in the summary of methodologies that ENGP 

and its consultants use to estimate spill likelihood in section 6.1.  

7.3. Overview of Risk Assessment 

Risk is the combination of the probability of an event occurring and the 

magnitude of its effect (Lowrance 1976; Suter 2007).  Risk assessment is a formal 

process for estimating risk whereby information is analyzed to determine if an initiating 

event, or hazard, might cause harm (US EPA 2004).  Risk assessment attempts to 

answer three important questions: (1) what can go wrong?; (2) how likely is it to go 

wrong?; and (3) what are the consequences? (Apostolakis 2004).  The objective of risk 

assessment is to inform decision-makers when there is uncertainty about the future; the 

risk assessment itself cannot fundamentally make a decision (Nilsen and Aven 2003; 

Burgman 2005; Gregory et al. 2006).  Indeed, risk assessment is often one component 

in a larger decision-making framework such as environmental impact assessment and it 

provides appropriate information that decision-makers must consider along with other 

evidence (Demidova and Cherp 2005; Suter 2007; Aven 2008a; 2011a).  

There are as many prescriptive approaches for how to conduct risk assessment 

(NRC 1983; CSA 1997; US EPA 1998; 2004; Vinnem 2007; Aven 2008a; IALA 2008; 

NRC 2009; Aven 2011a).  The appropriate approach typically depends on the type of 

information sought and the kind of risk analysed, such as human health risk assessment, 

ecological risk assessment, or technological risk assessment, among others.  A 

systematic approach to risk assessment based on Vinnem (2007), who discusses risk 

assessment of offshore oil and gas activities, includes the following steps: (1) plan the 
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risk analysis; (2) identify risk acceptance criteria; (3) define the system under study; (4) 

identify hazards; (5) calculate consequences and frequencies; (6) characterize risk; and 

(7) evaluate risk.  Despite the apparent linearity of the process, risk assessment should 

be perceived as an adaptive approach whereby the process may return to a previous 

stage if the risk is unacceptable or in the event that new information is introduced (NRC 

1996; Vinnem 2007; Dale et al. 2008).  Further, the process should be flexible to 

incorporate stakeholder participation, peer review, and uncertainty analysis. 

Figure 7.1. The Risk Assessment Process 

 
Source: Adapted from Vinnem (2007). 

Numerous methodological tools exist for estimating risk (Burgman 2005; Aven 

2008a; Vose 2008; Morgan et al. 2009).  Analytical approaches rely on historical data, 
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models, expert judgment43, or a combination of any of these methods (CSA 1997).  Aven 

(2008a) identifies a spectrum of progressively sophisticated risk analysis methods that 

range from simplified risk analysis to model-based risk analysis.  Simpler risk analyses 

are characterized by an informal, qualitative approach to estimating risk such as 

categorizing risk as low, moderate, or high.  Standard risk assessment methods use 

more formal qualitative or quantitative methods to identify potential hazards and assign 

the probability or frequency of an event occurring from existing data or expert judgment.  

The most complex analytical approaches use quantitative model-based risk analysis 

tools such as event tree analysis, fault tree analysis, Bayesian methods, or Monte Carlo 

simulation to estimate risk.  Some risk analysis experts suggest that semi-quantitative 

approaches to risk assessment (i.e. SQRA) that combine qualitative and quantitative 

components are a better and more open approach to risk assessment than fully 

quantitative risk assessment because the semi-quantitative approach allows for 

considerations beyond mathematical probabilities (Aven 2008b).  Despite the increasing 

use of more sophisticated techniques in risk assessment, it is unclear whether modern 

approaches to estimating risk have improved accuracy (NRC 2009).  One potential 

reason for this unknown is the lack of comparison between ex ante risk assessment 

predictions and actual experience. 

All risk assessments reflect imprecise knowledge and are characterized by some 

level of uncertainty.  Burgman (2005) identifies two types of uncertainty in risk 

assessment: epistemic and linguistic uncertainty.  Epistemic uncertainty represents 

incomplete knowledge and includes naturally occurring, unpredictable change (i.e. 

variability), inadequate knowledge about parameters or models and model uncertainty, 

errors from measuring equipment, biases in the form of scientists including or excluding 

data, and subjective judgment.  Linguistic uncertainty reflects inexact language and 

includes vagueness, failure to specify context, and ambiguity.  The quality of risk 

 
43  According to Otway and von Winterfeldt (1992), expert judgment is any judgment requiring 

special expertise.  The authors describe expert judgments as inferences that go beyond facts 
and data and the expert judgment process may be informal (i.e. model use and data sources) 
or formal (i.e. assumptions and reasoning supporting a judgment).   
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assessment depends on the degree to which uncertainty is identified and addressed in a 

manner that is transparent and scientifically defensible (US EPA 2004; Burgman 2005).  

Consequently, even though uncertainty cannot be completely eliminated when analyzing 

risk, it should be disclosed to improve the reliability and usefulness of the results. 

Risk assessment has progressively incorporated stakeholder participation in 

certain stages of the process (Eduljee 2000).  This shift resulted from a realization that 

technocratic risk assessment and management frameworks once advocated by the NRC 

(1983) and others were producing unsatisfactory outcomes and that there were 

advantages to including stakeholders in the process (NRC 1996; Eduljee 2000).  Indeed, 

Perhac (1998) identifies several benefits of stakeholder participation: participation is 

required to secure public support and approval for a proposed activity; stakeholders are 

the source of value judgments; and stakeholders may have factual knowledge that could 

benefit the risk assessment.  Although in some cases there has been successful 

stakeholder involvement in decision-making processes for managing risks (Mcdaniels et 

al. 1999), significant institutional barriers exist to implementing a more collaborative, 

stakeholder-based approach to risk assessment and management, including existing 

governance structures and the closed-door nature that characterizes many government 

decision-making processes (Eduljee 2000). 

Performed to high standards of quality, risk assessment offers several benefits.  

First, risk assessment provides a common understanding of a problem and a consistent 

metric for comparing alternative scenarios (Apostolakis 2004).  Second, risk assessment 

is integrative since it draws from various disciplines including engineering, statistics, 

biology, toxicology, geology, and selected social sciences (Apostolakis 2004; US EPA 

2004).  Third, risk assessment helps analysts to identify and understand complex 

systems and the interactions within those systems (Apostolakis 2004).  Fourth, risk 

assessment identifies weaknesses in systems where risk managers can focus resources 

to reduce risk.  Fifth, risk assessment is flexible in that it can be incorporated into other 

decision-making frameworks such as environmental impact assessment (Demidova and 

Cherp 2005).  Sixth, risk assessment can enable stakeholders to participate in the 

process and take part in identifying issues of concern, providing local knowledge, 

establishing risk acceptability thresholds, and discussing management solutions to 
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minimizing risk (Carey et al. 2007).  Further, risk assessment provides information that 

improves decision-making, particularly when the process is stakeholder-driven.   

There are also many known challenges in risk assessment.  First, risk 

assessment gives the illusion that industry is being scientific even in the event that risk 

analysts manipulate assumptions and methods to meet risk acceptance criteria (O'Brien 

2000).  Second, governments tend to focus on process over quality and can be more 

concerned that a risk assessment has been carried out according to some set of rules 

and guidelines or to meet some pre-defined limits or criteria rather than with the 

usefulness of the outputs in decision-making (O'Brien 2000; Aven 2011b).  Indeed, 

decision-makers can use risk estimates to defend their decisions to permit activities that 

may negatively impact humans and the environment by claiming that their decisions 

were rational and objective (O’Brien 2000).  Third, risk analysis practitioners may use 

risk assessment to derive conclusions about risk acceptability despite their knowledge of 

the selective information, arbitrary assumptions, and significant uncertainties in the 

assessment (O’Brien 2000).  Fourth, subjectivity is often disguised in risk assessment 

and the subjective nature of risk estimates tends to produce results that underestimate 

uncertainties (Reid 1992; Aven 2011b).  Fifth, decision-makers tend not to acknowledge 

or discuss uncertainty of the risk estimates, since doing so can create an image of 

ignorance and weaken the authority of decision-makers (Tickner and Kriebel 2006).  

Sixth, risk assessment cannot incorporate undefined or unquantifiable variables and 

indicators in the analysis in a predictive manner, such as the safety culture of an industry 

or company (Apostolakis 2004).  Seventh, non-experts can have difficulty understanding 

risk assessment if not given adequate time and resources, which may create a barrier to 

stakeholder participation.  Improving the quality of risk assessment is critical to 

addressing these deficiencies and improving risk decisions.  

7.4. Good Practices for Risk Assessment 

In this section I describe good practices for a quality risk assessment that 

provides decision-makers with the best information possible to make an informed 

decision.  These good practices apply to more than one step in the risk assessment 

process described in the previous section and some good practices apply to all steps of 
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the process.  Further, these good practices do not evaluate or advocate one particular 

analytical method within the risk assessment framework over another.  Thus, good 

practices could be applied broadly to risk assessment in other decision-making contexts 

and other disciplines.   

The first good practice of risk assessment is transparency.  Transparency is the 

degree to which documentation discloses all aspects of a process and improves the 

understanding of all risk assessment components.  The very nature of quantifying risk 

usually requires simplifications, assumptions, or ignoring or minimizing important factors 

(Aven 2008a).  Transparency explicitly discloses, clearly describes, and effectively 

communicates the type of approach employed in the analysis, models, calculations, and 

information or data sources (CSA 1997; US EPA 2000).  Transparency should be an 

objective in every step of a risk assessment.   

A consistent theme in the risk assessment literature is that all assumptions in the 

analysis must be acknowledged, documented, and justified (NRC 1996; CSA 1997; US 

EPA 1998; BC MELP 2000; Vose 2008).  Risk assessors must provide adequate 

documentation to ensure that any interested party understands assumptions used in the 

analysis and should include a discussion of the nature of the relationship between 

assumptions made and the implications of those assumptions on the results of the 

assessment (US EPA 1998; BC MELP 2000; Vose 2008).  Further, all assumptions used 

in the analysis should be tested for reasonableness and assumptions that have a 

material effect on the results should be reviewed for their credibility and integrity (NRC 

1996; CSA 1997).  

Effective transparency also requires a description of the data used in the analysis 

including data availability and reliability, model source code, equations, assumptions 

embedded in the data, extrapolations, and any known gaps or limitations that exist in the 

dataset (NRC 1996; CSA 1997; US EPA 1998; 2000; BC MELP 2000; 2009; Suter 

2007).  Where alternative or competing models or datasets exist, analysts should 

compare alternatives and provide a discussion and rationale for the chosen alternative 

(US EPA 2000).  Risk assessment practitioners should also provide an assessment and 

discussion of how different informational inputs, parameter values, models, datasets, 

and extrapolations impact the results of their risk assessment (US EPA 2000).  An ideal 
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risk assessment document includes datasets and model code in an appendix file or 

provides interested parties with information on how to access the data electronically 

(NRC 1996; US EPA 1998).  

Risk assessment practitioners should document all activities associated with 

experts.  Expert identification, selection, methods, and results all require adequate 

documentation to improve the transparency of a risk assessment.  Keeney and von 

Winterfeldt (1991) describe the need to maintain a high level of documentation for expert 

elicitation and suggest three levels of documentation.  These include records maintained 

by the analyst, records maintained by the specialist or technical expert, and an electronic 

recording of conversations during the expert elicitation process.  Specific issues in a risk 

assessment may require an increased level of documentation.  Indeed, a complex issue 

may require a separate report describing an issue in detail and may include the original 

data elicited by the expert, an explanation of the logic used by the expert, potential 

limitations, and any additional information that would trace the genesis of the results 

(Keeney and von Winterfeldt 1991; Ayyub 2001).   

The level of transparency should also reflect the level of stakeholder concern 

about the risk decision.  If a risk assessment informs a decision that has the potential to 

negatively impact human life, property, or valued aspects of the environment, 

stakeholders will likely demand more extensive documentation throughout the process 

(CSA 1997; IALA 2008).  Comparatively inconsequential impacts may not require as 

high a level of transparency and thus documentation may be more modest.  Potential 

litigation is one possible outcome of a risk decision where detailed and comprehensive 

documentation would be required (CSA 1997; IALA 2008).  Similarly, a proponent’s 

desire to avoid potential litigation related to a risk-based decision may be a motivating 

factor to provide a high level of documentation during the risk assessment process. 

There are many benefits associated with a transparent risk assessment process.  

Transparency provides a record of the risk assessment proceedings that ensures all 

stakeholders are aware of all steps, logic, assumptions, limitations, and data gaps in the 

risk assessment (US EPA 2000; IALA 2008).  Transparency provides accountability for 

decision-makers by providing an explanation of the rationale that led to the decision 

outcome and enables decision-makers to defend decisions after they have been made 
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(CSA 1997; US EPA 2000; IALA 2008).  Transparency facilitates communication 

between decision-makers and stakeholders and thus has the potential to increase 

stakeholder support for a decision (IALA 2008).  Adequate documentation provides a 

reference for future risk assessment processes that helps to promote continuous 

learning and improvement (CSA 1997; IALA 2008).  Extensive documentation enables 

anyone interested in checking the analysis to undertake an independent assessment of 

the analysis to ensure its accuracy and completeness (NRC 1996).  Transparency also 

provides clear explanations of data elicited from experts ensuring that the use of expert-

opinion data in risk analysis does not occur in a ‘black box’ (Keeney and von Winterfeldt 

1991; Ayyub 2001).  Further, transparency ensures that any potential biases on the part 

of the organization or individual preparing the risk assessment are identified and can be 

taken into consideration by decision-makers (US EPA 1998; Suter 2007). 

The second good practice of risk assessment is the degree to which results can 

be reproduced.  A transparent risk assessment enables individuals other than the 

original analyst to replicate similar results (NRC 1996; CSA 1997; IALA 2008; Aven 

2011a).  Reproducibility of risk results enables the identification of any errors or biases 

that may distort results of a risk assessment.  Due to the iterative nature of risk 

assessment, any errors or biases identified in the analysis can subsequently be 

addressed by the analyst or factored into the decision-making process if the risk 

assessment is not revised.  Reproducibility is also important for the elicitation of expert 

opinions, whereby sufficient documentation permits other experts with similar scientific 

or professional backgrounds to check or replicate results obtained from the original 

experts (Ayyub 2001).   

According to Aven (2011a), there are different degrees to which risk results 

should be reproduced.  In the first degree of reproducibility, risk analysis methods 

reproduce the same results when the analyst repeats these methods.  In the second 

degree, an independent analyst is able to produce similar results using the same 

methods and data.  The third degree of reproducibility is the extent to which an 

independent analyst can reproduce similar results with the same research scope and 

objectives but no restrictions on methods and data used in the risk analysis.  The third 

level of Aven’s reproducibility scale is most suitable for a contentious risk assessment 

process in which there is significant opposition to the activity, such as those activities 
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with potential negative impacts to human life, culture or valued components of the 

environment.  Results that can be reproduced by an independent party increase 

confidence in the accuracy of the results and have the potential to increase trust 

between stakeholders and the proponent. 

The third good practice of risk assessment is clarity of results.  Clarity is an 

important characteristic for communicating risk results since confusing risk results can 

create conflict and mistrust between stakeholders and technical experts (CSA 1997).  

Participants in a risk assessment process unable to understand risks associated with a 

project or how they were derived may perceive their misunderstanding as a tactic by the 

proponent to deliberately manipulate non-experts (NRC 1996).  Risk communication 

efforts identified by Bier (2001) such as raising awareness about issues, educating 

stakeholders, reaching agreement on controversial issues, and obtaining people’s trust, 

have the potential to address some of the issues in risk assessment arising from poor 

communication. 

Risk assessment should clearly describe risk estimates in a way that 

stakeholders and decision makers can easily understand (NRC 1996; 2009; CSA 1997; 

US EPA 1998; 2000; ABS 2000; Failing et al. 2007).  Probability is the most widely used 

language in risk assessment to communicate uncertainty (Morgan et al. 2009).  The 

numeric presentation of probabilities as percentages communicates risk more effectively 

than other formats and leads to a more accurate perception of risk (NRC 2007; Cuite et 

al. 2008; Budescu et al. 2009).  Indeed, non-technical laypeople are familiar with 

probabilities from the use of statements about likelihood in their daily lives such as the 

probability of rain or snow or point spreads at a race track (Morgan et al. 2009).  A risk 

assessment should also integrate all components of individual risk into an overall 

conclusion about the risk of a proposed undertaking to ensure that decision-makers 

have complete and useful information (US EPA 1998; Vinnem 2007).  An ideal risk 

assessment also produces results that disaggregate risk levels for particular stakeholder 

groups potentially affected by the proposed undertaking to evaluate the equitable 

distribution of potential impacts (Burgman 2005; Vinnem 2007). 

The presentation and organization of risk results should improve understanding 

for all parties involved in a risk assessment process (NRC 1996; US EPA 1998).  
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Technical experts should present findings related to uncertainty and probability of an 

event in familiar and understandable terms to increase understanding among non-

experts (Morgan et al. 2009).  Risk assessment materials such as technical reports 

should meet the needs of expert and non-experts alike such that materials are written in 

simplified, straightforward language and include all technical details and background 

information in appendices (Lundgren and McMakin 2009).  An improved understanding 

of the risks associated with a project has the potential to improve safety as a result of the 

identification of measures to reduce risk during the study phase and implementation of 

these measures during construction and operation of the project (ABS 2000).  

Characterizing risk in a clear manner also promotes learning and improves 

understanding that enables stakeholders to meaningfully participate in the process (NRC 

1996).  An improvement in stakeholder understanding as a result of increased clarity in a 

risk assessment has the potential to reduce conflict and build trust between stakeholders 

and technical experts and thus may improve support for the proposed undertaking.   

The fourth good practice of risk assessment is the reasonableness of the 

analytical approach used by practitioners.  Reasonableness refers to the quality and 

integrity of analytical methods used in a risk assessment.  Typical problems related to 

risk assessment quality include inadequate definition of scope and research objectives, 

using more complicated methods or models than are required to address the problem, 

favouring quantitative methods where qualitative methods are more appropriate, and 

using inappropriate techniques to analyse risk (ABS 2000). 

A risk assessment should follow an overt logic path that uses common sense, 

sound judgment, and generally accepted scientific information in all components of the 

analysis including methods, models, and data (NRC 1996; 2009; US EPA 2000).  In 

terms of data, analysts should only use high quality data as inputs into a risk 

assessment and avoid incorporating any data that has not undergone peer-review (NRC 

1996).  In an ideal risk assessment, subjectivity associated with selecting data used in 

the analysis is minimized and practitioners choose datasets according to objective 

requirements such as the degree to which data are complete, representative, and 

achieve the research objective.  Assumptions in the risk analysis are plausible and the 

analyst derives assumptions out of necessity in response to limitations or data gaps 

instead of out of convenience in order to bias the results.  A good risk assessment is 
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objective, avoids value judgments and produces the same results regardless of who 

sponsors or conducts the assessment (Yoe 2011). 

Model selection is important to ensure that appropriate analytical tools produce 

information needed to support decision-making.  In the event that there are multiple 

models from which to choose or no empirically well-validated models, risk assessment 

practitioners should use a range of plausible models instead of selecting a single best-

guess model (Cox 2012).  As Cox (2012) notes, the use of multiple models typically 

produces better results than a single best-guess model and provides a range of possible 

risk estimates.  Risk assessors must also consider the origin of a model when evaluating 

models in a risk assessment.  As Suter (2007) notes, models that are widely used are 

more likely to be of acceptable quality since they have been subjected to a peer review 

process whereby practitioners have experience using the model.  Further, a model 

endorsed by a comparable agency is typically assumed to be of sufficient quality if the 

reviewing agency recognizes the authority of the comparable agency (Suter 2007).  

Another consideration is model complexity since a model that incorporates all the major 

components of a system is typically considered more credible relative to one that is 

missing a major component (Suter 2007).  Alternatively, complex models with poorly 

specified components, such as incomplete datasets, are difficult to implement and likely 

decrease model accuracy and a model whose parameters cannot be estimated with 

accuracy is considered a low-quality model (Suter 2007).   

A fifth good practice concerns the attention that must be given to the fundamental 

limitations of risk assessment (Ale et al. 2009).  Reliability relates to the uncertainty and 

variability inherent in risk assessment and the importance of testing the magnitude of 

uncertainties.  From a broad perspective, uncertainty analysis should describe what is 

known, what is not known, and the degree of understanding for what is partially known 

(NRC 1996).  Ignoring or failing to characterize uncertainty in risk assessment hides 

important background information from decision-makers and increases the likelihood 

that decisions are based on imprecise, incomplete, or misleading risk estimates (NRC 

1994; Aven 2010; 2011b).  

Uncertainty is the basis for defining risk (Aven 2011b).  A risk assessment should 

characterize, discuss, and prioritize the magnitude and character of the various sources 
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of uncertainty (NRC 1996; Dale et al. 2008; Ragas 2011).  Sources of uncertainty 

around a quantity’s true value include variability, randomness, lack of knowledge, data 

gaps, and disagreements or lack of consensus in the scientific community over various 

theories, models, values, or perspectives (NRC 1996; US EPA 1998; Aven 2011b).  

Analysts should avoid giving a single number to represent risk since a single point 

estimate conceals the many potential sources of error from the analyst’s choices of 

models, datasets, and parameter estimations (NRC 1994; US EPA 2000).  A complete 

characterization of risk provides decision-makers with a bounded range of potential risk 

estimates for each alternative under evaluation (NRC 2009).  Information on uncertainty 

should also be presented in alternative formats to a numerical range, such as evaluative 

labels (e.g. poor, good, or excellent) to reduce bias and improve understanding among 

experts and laypeople (Gregory et al. 2012a). 

A formal analysis of the uncertainties in a risk assessment increases the 

reliability of the risk estimates.  The most useful statistic for expressing uncertainty and 

variability is a confidence interval (Suter 2007).  Confidence intervals estimate properties 

of the population from which the sample was drawn and provide important information to 

decision-makers on the range of possible values.  Depending on the nature of a 

problem, decision-makers may benefit from increased information resulting from multiple 

confidence intervals at the 50% to 95% levels (Suter 2007).  Risk assessors should also 

discuss the aggregate effect of uncertainties in every stage of the analysis on the overall 

results of a risk assessment.  Indeed, uncertainties in every component of a risk 

assessment propagate through the quantification process to generate a result that may 

misrepresent the risk (Morgan et al. 2009).   

Sensitivity analysis is another analytical tool for evaluating uncertainty that 

should be included in risk assessment (US EPA 1998; Yoe 2011).  Sensitivity analysis 

examines how a model responds to changes in its inputs and is often used to determine: 

(1) how closely a model resembles the system or process being evaluated; (2) factors 

influencing the outputs that require additional investigation; (3) parts of the model that 

are insignificant and can be eliminated; and (4) groups of factors that interact with each 

other (Saltelli et al. 2000).  Sensitivity analysis is typically performed on a set of factors 

that includes input data, distribution parameters (i.e. frequencies), and values that affect 

alternative mechanisms or scenarios (e.g. various GHG policies), and analysts can 
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change factors one at a time or several at a time to determine the effect of simultaneous 

parameter changes on the outputs (Saltelli et al. 2000).  For sensitivity analysis that uses 

alternative scenarios, the scenarios must reflect reality and incorporate sound science 

(Yoe 2011).  Sensitivity analysis increases confidence in the analysis and its results by 

providing an understanding of how model outputs respond to changes in inputs and 

incorporates model uncertainties related to model structures and assumptions relevant 

to determining the quality of a conceptual model (Saltelli et al. 2000).  

Uncertainty analysis must always consider the decision-making context.  As 

Gregory et al. (2006) illustrate, there are typically innumerable uncertainties related to 

estimating the future conditions of some complex system.  Effective uncertainty analysis 

focuses on communicating those influential factors that improve decisions about how the 

system will respond to management alternatives (Gregory et al. 2006).  As such, the 

analytical methods for estimating the character and magnitude of uncertainty should 

focus on understanding those uncertainties that improve the capacity of decision-makers 

to judge the risk profile of the proposed activity. 

A sixth good practice is to include independent expert review of the validity of the 

results of a risk assessment.  Peer review is fundamental in helping to ensure the 

quality, integrity, and credibility of risk assessment (US EPA 1994; 2004; 2008; 

Apostolakis 2004; Suter 2007; IALA 2008; Yoe 2011).  According to the US EPA (2004), 

peer review is a documented critical review of a scientific or technical work completed by 

qualified individuals or organizations independent from those that performed the original 

work but that have equal technical expertise.  Government agencies and universities 

represent potential outside experts if neither institution is involved in the risk assessment 

process (CSA 1997; IALA 2008).  Suter (2007) notes the increasing use of panels or 

committees of distinguished scientists such as the US Environmental Protection Agency 

Science Advisory Board or the US National Research Council to review risk 

assessments.  Additional reviewers such as those that comprise a panel ensure a 

broader range of expertise and increase the likelihood that errors in a risk assessment 

are discovered and addressed before the risk results are provided to decision-makers 

(Suter 2007). 
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All components of a risk assessment are candidates for peer review (US EPA 

2000).  The independent peer review of a risk assessment should ensure the analysts 

use suitable data, methods, and models, review all assumptions to ensure their 

credibility, ensure the analysis is reproducible, and check all assumptions and 

uncertainties to ensure they are acknowledged and documented in the risk assessment 

(IALA 2008).  Validating the results is equally important for results derived through 

expert elicitation.  Information in the risk assessment derived from expert opinion should 

undergo the scrutiny of peer review to address any scepticism associated with the use of 

expert elicitation techniques (Krueger et al. 2012).  Decision-makers should not use 

results from a risk assessment unless they have been peer reviewed by independent 

experts (Apostolakis 2004).  Successful peer review builds confidence and trust in the 

results of a risk assessment, reduces errors and ensures the quality of the analysis, and 

improves the risk assessment if recommendations made by reviewers are incorporated 

into the analysis. 

A seventh good practice of risk assessment is an adequate level of stakeholder 

participation.  Historically, risk assessment has often been an exercise in technical 

analysis occasionally intervened by the public (Fiorino 1989).  In this technocentric 

process, risk is often compared to some pre-determined criteria and the focus is often on 

meeting the targets instead of developing measures to minimize risk (Aven and Vinnem 

2005).  Although technical analysis is required to make an informed decision, the focus 

on using sophisticated, complex analytical tools in risk assessment has presented a 

barrier to meaningful public participation and has limited the incorporation of stakeholder 

concerns into the process (Ball 2002).  Since stakeholders relate their confidence in the 

risk estimates to their trust in the institution, the lack of meaningful participation may 

create a trust deficit for the proponent that intensifies controversy of the proposed 

activity (Fiorino 1989).    

Stakeholder participation in a risk assessment should occur in each phase of the 

process such that participant values influence the final decision (NRC 1996; Carey et al. 

2007).  An ideal consultation process should provide stakeholders with multiple channels 

to participate that include workshops, tutorials, and mail and email, among others, in 

order to increase stakeholder accessibility (Gregory et al. 2003).  Stakeholder 

participation must begin early in a risk assessment during the formative stages to ensure 
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meaningful involvement (NRC 1996; Carey et al. 2007).  Stakeholders should decide 

and prioritize hazards about which they are most concerned, contribute local knowledge 

to the qualitative or quantitative assessment of the causes and consequences of the 

hazards, and participate in the discussion of how to manage residual risks such that 

risks are acceptable to stakeholders (Carey et al. 2007).  There are numerous benefits 

to a stakeholder-driven risk assessment process.  Stakeholder participation helps frame 

issues in a risk assessment required to achieve a common understanding of the problem 

(Renn and Schweizer 2009; Treffny and Beilin 2011).  Public participation also builds 

trust, improves the credibility and legitimacy of the proponent or organization that is 

proposing the activity, and can minimize cost and delay compared to processes that 

exclude public participation (Yoe 2011).  Further, meaningful public participation 

improves the validity and transparency of a risk assessment process and enhances the 

quality of information for decision-making (Carey et al. 2007; NRC 2009; Yoe 2011).   

An important part of stakeholder participation in risk assessment is determining 

an acceptable level of risk.  Risk acceptability is a value judgment that depends on the 

needs, issues, concerns, perspectives, and knowledge of interested and affected parties 

potentially exposed to the risk (Fischhoff et al. 1984; NRC 1996; CSA 1997; Eduljee 

2000; IALA 2008).  While experts in risk assessment focus on technical analysis of data, 

laypeople tend to emphasize value-laden concerns such as the distribution of risks and 

benefits, the possibility of a catastrophic event, or their degree of personal control over 

the activity (IALA 2008).  The importance of stakeholders providing the context in which 

acceptable levels of risk are measured requires that risk assessment be viewed as a 

participatory process informed by technical analysis rather than a technical exercise in 

which stakeholders occasionally intervene (Fiorino 1989).  Thus, in an ideal risk 

assessment process, acceptable levels of risk are determined in a structured, 

participative decision-making process by stakeholders that include those likely to be 

directly affected by the proposed activity. 

Although risk assessment often restricts the evaluation of project alternatives, 

risk assessors should analyze risk for a broad range of alternatives (Suter 2007; NRC 

2009).  Project alternatives should be identified by interested parties in a structured 

process such that these alternatives reflect stakeholder vales (Gregory and Keeney 

1994).  Ideally, a risk assessment compares alternative actions based on the level of risk 
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acceptability determined by stakeholders.  Adhering to risk acceptability thresholds set 

by stakeholders may require incorporating safety and mitigation measures into the 

analysis above and beyond those already identified, a redesign or reconfiguration of the 

component parts of the project, or consideration of an alternative project with a 

comparatively lower risk rating.  If risk cannot be reduced to a level that is consistent 

with the definition of risk acceptability determined by stakeholders, the residual risk can 

be balanced with an increase in benefits provided to affected parties if these parties 

agree to the trade-off (IALA 2008).  Otherwise, decision-makers should consider 

abandoning the proposed project if risk cannot be reduced to levels below those set by 

stakeholders (IALA 2008).   

A summary of these good practices for risk assessment is provided in Table 7.1.  

Good practices are not mutually-exclusive; instead the characteristics are connected and 

support one another.  For example, a risk assessment can only undergo peer review if 

the study contains sufficient transparency for an independent third-party analyst to 

replicate the original risk analysis.  There are also some limitations to these good 

practices for risk assessment, which I discuss in section 7.7.  
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Table 7.1. Good Practices for Risk Assessment 

Criterion Description 

Transparency 
Documentation fully and effectively discloses supporting evidence, 
assumptions, data gaps and limitations, as well as uncertainty in data and 
assumptions, and their resulting potential implications to risk 

Reproducibility Documentation provides sufficient information to allow individuals other than 
those who did the original analysis to obtain similar results 

Clarity 
Risk estimates are easy to understand and effectively communicate the nature 
and magnitude of the risk in a manner that is complete, informative, and useful 
in decision-making 

Reasonableness 
The analytical approach ensures quality, integrity, and objectivity, and meets 
high scientific standards in terms of analytical methods, data, assumptions, 
logic, and judgment 

Reliability 
Appropriate analytical methods explicitly describe and evaluate sources of 
uncertainty and variability that affect risk, and estimate the magnitudes of 
uncertainties and their effects on estimates of risk by completing sensitivity 
analysis. 

Validity Independent third-party experts review and validate findings of the risk analysis 
to ensure credibility, quality, and integrity of the analysis 

Stakeholder 
Participation 

Stakeholders participate collaboratively throughout the risk assessment and 
determine acceptable levels of risk that assess alternative means of meeting 
project objectives  

7.5. Evaluation of NGP Risk Assessments 

The following section evaluates the risk assessments in the NGP regulatory 

application.  The objective of the assessment is to examine whether the risk 

assessments for tanker, terminal, and pipeline spills in the NGP regulatory application 

adequately assess the likelihood of significant adverse environmental effects as required 

in the CEAA 2012.  To achieve this objective, I assess the risk assessments estimating 

tanker, terminal, and pipeline spill risk in the NGP application with good practice criteria 

set out in Table 7.1 to identify any deficiencies that may reduce the quality of information 

provided to decision-makers evaluating the likelihood of significant adverse 

environmental effects.  My evaluation focuses on the main topics in Table 7.1 and does 

not address every detail associated with these good practices. 
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I qualitatively evaluate the risk assessments with a four-point scale that assesses 

the degree to which each good practice criterion is met.  Any deficiencies identified in 

the assessment are categorized as minor or major.  Major deficiencies in the risk 

assessments are those that I consider would have a material effect influencing the 

quality of information that decision-makers use to make a decision.  The four-point scale 

consists of the following categories:   

•   Fully met: no deficiencies; 

•   Largely met: no major deficiencies; 

•   Partially met: one major deficiency; and 

•   Not met: two or more major deficiencies. 

7.5.1. Transparency 

Criterion: Documentation fully and effectively discloses supporting evidence, 
assumptions, data gaps and limitations, as well as uncertainty in data and 
assumptions, and their resulting potential implications to risk. 

There are five major deficiencies related to transparency in the methods 

estimating spill risk in the NGP regulatory application.  Major deficiencies are as follows. 

1. Lack of supporting evidence for LRFP tanker incident frequency data 

The frequency assessment in chapter five of the Marine Shipping QRA described 

in section 6.2.1, which is the foundation for estimating the risk of tanker spills, fails to 

provide the necessary supporting evidence required for transparency.  First, there is 

inadequate information describing the LRFP data that contains grounding, collision, 

foundering, and fire/explosion incidents.  The Marine Shipping QRA fails to provide 

proprietary data in an appendix or data file that includes information on the type of 

accident, location, date, factors contributing to the incident, and whether or not the 

incident resulted in a spill.  Instead, the Marine Shipping QRA simply states that LRFP 

data are obtained from 1990 to 2006  “…since the type of vessels in operation and the 

incidents that have occurred after 1990 are considered to be more representative of 

modern tanker operations, such as the one planned by Northern Gateway.” (Brandsæter 

and Hoffman 2010, p. 5-49).  This lack of transparency raises concerns related to the 

number and types of tanker incidents included in the data set and whether the analysts 

altered any of the LRFP data based on undisclosed assumptions. 
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Second, the risk assessors fail to support assumptions used in the development 

of tanker incident frequencies in the Marine Shipping QRA.  The analysts claim that 

assumptions used in the development of base incident frequencies per nm are based on 

information from tanker operators and captains, as well as studies of vessel operating 

patterns (Brandsæter and Hoffman 2010, p. 5-50) yet there is no evidence provided to 

support these assumptions.  Two of the four assumptions used to estimate the average 

distance travelled by a tanker per year are supported with reference to a study 

completed for the liquefied natural gas terminal Rabaska near Lévis, Québec (Rabaska 

2004 as cited in Brandsæter and Hoffman 2010, p. 5-51).  However, detailed information 

or discussion comparing the similarities and differences between Rabaska and the NGP 

is absent from the report and the Rabaska study is not appended to the Marine Shipping 

QRA study nor is it found in the project’s public registry database on the NEB website.  

Furthermore, assumptions related to the amount of time tankers sail in areas where a 

grounding could occur, and the amount of time tankers sail in open water where 

foundering can occur, are not supported with any evidence or references.  Nor are any 

of the assumptions calibrated with historical data or expert opinion.   

Incident frequencies are the basis for estimating spill risk in the NGP application.  

Since return periods are the product of incident frequencies, conditional probabilities, the 

distribution of tanker routes travelled, the length of each tanker route, and mitigation 

measures, any uncertainty or errors in incident frequencies will carry through to the final 

result.  Thus, given the importance of incident frequencies as a critical data input in the 

Marine Shipping QRA, the study should effectively disclose all adjustments, 

assumptions, and uncertainties in a transparent manner. 

2. Insufficient evidence supporting conditional probabilities for tanker spills 

The consequence assessment portion of the Marine Shipping QRA fails to 

adequately disclose any supporting information used to estimate conditional probabilities 

that an incident will result in a spill.  The Marine Shipping QRA uses two different 

methods to estimate conditional spill probabilities: the first method determines 

conditional spill probabilities based on LFRP data; the second method estimates spill 

quantities for bottom and side damage for groundings and collisions based on the 

International Marine Organization International Convention for the Prevention of 
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Pollution from Ships (MARPOL) and Naval Architecture Package software.  In the first 

method, the analysts simply claim that conditional spill probabilities are “based on the 

research of spill to damage data” (Brandsæter and Hoffman 2010, p. 6-79) without 

providing the dataset from which they estimate conditional spill probabilities.  Similarly, 

the risk assessors do not provide any evidence to support conditional probability 

estimates for various spill volumes in the second method and fail to provide adequate 

information describing the nature of the original data used in the analysis such as its 

assumptions, data gaps, and limitations.  Similar to incident frequencies, the importance 

of conditional probabilities as a major data input into the methodological approach of the 

Marine Shipping QRA requires effective transparency of the data and methods used to 

calculate conditional probabilities.  A lack of transparency prevents validation of these 

important conditional probabilities.  

3. Lack of information comparing incident frequencies at Kitimat Terminal to 
marine terminals in Norway 

The Marine Shipping QRA does not provide adequate evidence to support the 

claim that “Incident frequencies from terminals in Norway are most representative of the 

operation planned for the Kitimat Terminal and should provide an appropriate forecast of 

the possible incident frequency at the Kitimat Terminal” (Brandsæter and Hoffman 2010, 

p. 5-71).  Indeed, the risk assessors fail to make any comparison of marine terminals in 

Norway to the proposed terminal in Kitimat.  A comparison should include the 

geographic, physical, biological, and socioeconomic similarities between terminals in 

both regions, the differences in regulatory environments and marine safety practices 

between Canada and Norway, how historical incident frequencies compare at terminals 

in Canada and Norway, and how Norway’s record compares to the rest of the world.  

These suggestions represent only some of the comparisons that should be made to 

support the decision to use incident frequencies from Norway to forecast possible 

incident frequencies at Kitimat Terminal. 
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4. Lack of transparency in documenting how mitigation measures will reduce the 
likelihood of tanker and terminal spills 

The fourth major deficiency concerning transparency relates to mitigation 

measures and their effectiveness in reducing the risk of spills.  Chapter 8 of the Marine 

Shipping QRA examines risk reduction measures for tanker and terminal operations.  

The evaluation largely consists of a qualitative assessment of the characteristics of tug 

operations, enhanced navigational aids, and a vessel traffic management system, 

among others.  The only quantitative risk reduction factors considered in the 

methodological approach estimating spill risk are escort tugs for tankers and a closed 

loading system at the marine terminal for cargo transfer operations.   

The risk assessors estimate that mitigation measures will significantly decrease 

spill risk.  The analysts base the risk reducing effect of escort and tethered tugs for 

tanker incidents on a confidential study completed in 2002 for tug escort operations at 

Fawley Terminal in the United Kingdom.  The risk assessors use this confidential study 

to claim that escort and tethered tugs will reduce the frequency of powered and drift 

grounding events by 80% to 90% and will reduce collision incidents by 5% (Brandsæter 

and Hoffman 2010, p. 8-120).  Accordingly, the use of escort and tethered tugs is 

predicted to increase return periods from 78 years to 250 years for any size oil or 

condensate spill, thus producing a three-fold risk reduction effect compared to 

unmitigated return periods.  Given the significant decrease in spill risk expected to occur 

with the use of escort and tethered tugs for tanker traffic, the Marine Shipping QRA 

should include quantitative analysis documenting the impact of mitigation.  The risk 

assessors should disclose specific information from the confidential study prepared in 

2002 that is the foundation for risk-reducing mitigation measures in the Marine Shipping 

QRA such as the number of observations on the role of these mitigation measures and 

the reliability of the dataset regarding their impact. 

Similar concerns exist for mitigation measures at the marine terminal.  In its 

limited assessment of mitigation measures for terminal operations, authors of the Marine 

Shipping QRA claim that the installation of a closed loading system at Kitimat Terminal 

would eliminate the likelihood of spills from overfilling cargo tanks.  Even in the event 

cargo tanks are overfilled, authors of the Marine Shipping QRA claim that the closed 
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loading system would redirect oil into nearby empty ship tanks “thereby eliminating the 

risk of an oil spill” (Brandsæter and Hoffman 2010, p. 131).  Risk assessors do not 

provide any historical evidence or data on the performance of closed loading systems to 

support this statement even though this single assumption eliminates any risk of a cargo 

tank overloading and more than doubles the unmitigated spill return period of 29 years to 

a mitigated return period of 62 years.  Furthermore, given that the average time of 

loading/discharge operations at Kitimat Terminal is approximately 30 hours per year for 

each tanker (Brandsæter and Hoffman 2010, p. 5-74), there is no guarantee that a 

nearby tanker with empty tanks would be berthed at Kitimat Terminal to receive 

redirected oil .  

5. Inadequate evidence supporting the reduction of spill frequencies for pipeline 
operations 

The methodological approaches in the NGP application estimating pipeline spill 

risk in Volume 7B, and pipeline failure frequencies that affect public safety in the Pipeline 

Safety QRA, also lack transparency.  Both studies incorporate downward adjustments 

into calculations for pipeline spill frequencies without providing adequate evidence to 

support those adjustments. 

ENGP estimates return periods for a pipeline spill in Volume 7B by adjusting spill 

frequency data from the NEB without disclosing how it made the downward adjustments, 

and fails to provide evidence to justify the reductions.  According to ENGP (2010, Vol. 

7B p. 3-1), NEB data from 1991 to 200944 includes pipelines up to 50 years old that use 

older technology and standards for building materials, are not amenable to internal 

inspection, contain material that did not undergo inspection or quality control, and may 

have other characteristics associated with more failures compared to modern pipelines.  

Based on these assumptions, and improved design and mitigation planning associated 

with modern pipelines, ENGP claims that the aforementioned factors decrease the 

 
44  There is a discrepancy on page 3-1 of Volume 7B, since ENGP references NEB data from 

1991 to 2000 as well as data from 1991 to 2009. 
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likelihood of pipeline failure and “were factored into failure frequency calculations for the 

pipelines” (ENGP 2010, Vol. 7B p. 3-1).  ENGP does not provide proprietary NEB data, 

fails to present any spill rates or spill frequencies calculated from the NEB data, fails to 

explicitly explain how it adjusted incident frequencies, and presents no evidence to 

justify the downward adjustments.  Furthermore, it is unclear whether the analysis 

includes the crude oil pipeline, condensate pipeline, or both pipelines combined. 

Similarly, the Pipeline Safety QRA estimates failure frequencies for the NGP 

pipeline based on historical pipeline rupture data from the NEB from 1991 to 2009 and 

makes several adjustments to the NEB data to incorporate various improvements in 

pipeline operations.  The authors fail to adequately justify downward adjustments to 

several causes of pipeline ruptures, including metal loss, cracking, and material failure, 

that result in a decrease in the NEB failure rate by 71% (Bercha Group 2012b).  First, 

risk assessors reduce the failure frequency for metal loss (internal and external 

corrosion) by 80% based on a study by Muhlbauer (1996 as cited in Bercha Group 

2012b) entitled Pipeline Risk Management Manual, and based on discussions with 

experts, although the authors provide no evidence to justify applying the reduction factor 

to the NGP pipeline system other than suggesting that the NGP pipeline is modern.  

Second, the authors of the Pipeline Safety QRA reduce the failure frequency for cracking 

for the NGP pipeline system by 90% compared to the NEB data.  Indeed, it is claimed 

that “advanced coating technologies, low stress design, no tape coat, fatigue avoidance 

through design and operations, is expected to virtually eliminate cracking potential” 

(Bercha Group 2012b, p. 3-5) without referencing a single study, expert opinion, data 

set, or other source of evidence.  Third, the authors reduce the pipeline rupture 

frequency for material failure by 60% due to quality control during construction, 

inspection, testing, and other factors.  Once again the report cites Muhlbauer (1996 as 

cited in Bercha Group 2012b) but fails to justify the application of the reduction factor to 

the NGP pipeline system and does not present evidence describing how the mitigation 

measures will achieve the stated reductions in spill frequency.  
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Evaluation: There are five major deficiencies related to the transparency criterion.  Thus 

this criterion is not met. 

7.5.2. Reproducibility 

Criterion: Documentation provides sufficient information to allow individuals 
other than those who did the original analysis to obtain similar results. 

The NGP regulatory application presents the methodologies used to estimate 

tanker, terminal, and pipeline spill risk in a fairly straightforward manner.  However, 

authors of the risk assessments for tanker, terminal, and pipeline spills in the NGP 

regulatory application provide insufficient information to reproduce key components of 

the methodological approach and results.  As suggested in the previous section, 

inadequate transparency prevents individuals other than the original analysts from 

replicating the following components of the NGP risk assessments, and each component 

represents a major deficiency related to reproducibility: 

1.  LRFP frequency data for grounding, collision, foundering, and 
fire/explosion tanker incidents; 

2.  Conditional spill probabilities and spill size distributions estimated in 
the consequence assessment for tanker spills; 

3.  Mitigation measures that reduce spills from NGP tanker traffic and 
marine terminal operations; and 

4.  Incident frequencies and mitigation measures used to estimate return 
periods for pipeline spills. 

I acknowledge the difficulty in replicating certain results, particularly those based 

on random sampling from methods such as Monte Carlo simulation.  However, 

proprietary data and the computer code for the Monte Carlo simulation model should be 

included in an appendix or a separate data report in order to allow an independent party 

to conduct similar tests and compare results with those included in the NGP regulatory 

application.   
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Evaluation: There are four major deficiencies related to the reproducibility criterion and 

thus this criterion is not met. 

7.5.3. Clarity 

Criterion: Risk estimates are easy to understand and effectively communicate the 
nature and magnitude of the risk in a manner that is complete, informative, and 
useful in decision-making. 

Methodologies that calculate and present spill risk in the NGP regulatory 

application do not provide a clear assessment of the likelihood of spill occurrence.  

There are four major deficiencies related to clarity in the methodological approach for 

estimating spill risk for NGP tanker, terminal, and pipeline operations:   

1. Failure to effectively communicate the probability of a spill over the life of the 
project 

FEARO (1994 p. 193), TC (2001, p. 3-14), and the Scope of the Factors (CEA 

Agency 2009b, p. 13) all instruct the proponent to calculate the likelihood of a spill as a 

probability of occurrence.  ENGP expresses the likelihood of a spill as a return period 

rather than the probability of a spill over the life of the project, which presents a major 

deficiency in the communication of spill estimates to decision-makers.  A return period is 

the number of years between spill events and is the inverse of the probability.  Thus, if 

the unmitigated return period for any size of oil or condensate spill is 78 years, there is a 

1 in 78 chance, or approximately 1% probability, that a spill will occur each year.  Return 

periods incorrectly imply that an oil spill event will occur only once during the recurrent 

interval, such as 78 years, when in fact the event can occur numerous times or not at all.        
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Return periods also fail to communicate the probability of a spill during the 

operational life of the project as suggested by FEARO (1994 p. 190)45.  Stating return 

periods instead of probability of a spill over the life of a project communicates a different 

perception of risk.  Indeed, stating that there is a 22.2% chance of a tanker spill 

exceeding 5,000 m3 (31,500 bbl) over the operating life of the NGP, instead of reporting 

that there will be one spill every 200 years, more effectively communicates the likelihood 

of a spill to decision-makers46.  The risk assessment literature states that probabilities 

presented as percentages more effectively communicate risk compared to other formats, 

which leads to a more accurate perception of risk (NRC 2007; Cuite et al. 2008; 

Budescu et al. 2009). 

2. Failure to combine estimates for tanker, terminal, and pipeline spills to present 
a single spill risk estimate for the entire project 

A second major deficiency is ENGP’s failure to estimate the overall probability of 

spills for the entire NGP.  The risk assessment for marine transportation in Volume 8C, 

the risk assessment for pipelines in Volume 7B, the Marine Shipping QRA, the QRAs for 

Pipeline Safety, Kitimat Terminal, and Pump Station, and the Pipeline SQRA all present 

separate spill risk estimates.  ENGP does not combine separate spill risk estimates for 

the individual pipeline components (i.e. oil pipeline, condensate pipeline, the initiating 

pump stations in Bruderheim and Kitimat, and the eight pump stations along the pipeline 

route).  Nor does ENGP combine separate spill risk estimates for tanker, terminal, and 

pipeline spills to demonstrate the likelihood of a spill from all potential spill sources.  By 

presenting separate spill return periods for individual components of the project instead 

 
45  For the NGP, the operational life ranges from 30 to 50 years.  The WM (2010) report entitled 

Public Interest Benefits of the Enbridge Northern Gateway Pipeline Project appended to 
ENGP (2010, Vol. 2) assumes a 30-year operating period whereas Enbridge assumes a 50-
year operating period for pipeline operations in Volume 7B: Risk Assessment and 
Management of Spills – Pipelines. 

46  To estimate the chance of a 5,000 m3 oil spill over a 50-year operating period, I calculate the 
inverse of the return period for a 5,000 m3 spill (200 years) to estimate the annual probability 
of a spill (0.005 or 0.5%) and use the formula in footnote 47 to obtain a 22.2% probability 
over 50 years. 
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of the probability for the entire project, ENGP fails to provide decision makers with the 

overall spill risk information necessary for applying the CEAA 2012 decision criterion.  

To demonstrate the lack of clarity in the NGP application, I restate spill return 

periods estimated by ENGP and its consultants by converting return periods to annual 

spill probabilities and estimating total spill probabilities over the life of the project rather 

than on an annual basis47.  When findings in the NGP application are restated as the 

probability of a spill over the operational life of the NGP, instead of return periods, the 

results based on ENGP’s own analysis, show that the likelihood of a spill is significant 

(Table 7.2).  Over a 50-year period, the chance of any size tanker spill is as high as 

47.5% and the probability of a pipeline spill is 99.9%.  The probability of a spill for the 

entire NGP inclusive of tanker, terminal and pipeline spills is 99.9%48.  The revised 

estimates in Table 7.2 likely underestimate spill probabilities because they are based on 

estimates in the NGP regulatory application that understate risk due to data limitations 

and undocumented mitigation adjustments49.  Therefore actual spill probabilities are 

likely higher.  

 

 

 
47  I use the following formula to convert annual probabilities to probabilities over a 30- and 50-

year period: 1 - ((1 - P)n), where P is the annual probability and n is the number of years. 
48  Return period calculated based on the following spill probabilities: (1) any size tanker spill; (2) 

any size terminal spill; and (3) pipeline leaks.  I note that ENGP’s consultants estimated an 
overall probability of 70.9% over 50 years during the hearings (Final Hearings 2012, Vol. 78 
p. 53).  However, this lower probability is based on any size oil/condensate tanker spill 
(18.2%), any size oil/condensate terminal spill (56.2%), and an oil pipeline rupture (18.8%).  
This approach is not representative of overall spill probability for the NGP because it relies on 
the likelihood of a pipeline rupture, which is less likely to occur than a leak, and omits 
condensate pipeline spills. 

49  Data limitations in the NGP application include estimating spill likelihood for tankers with 
LRFP data that potentially underreport actual tanker spills, omitting the majority of the 
distance travelled by tankers to export markets, potential double-counting of mitigation 
measures, and failing to consider characteristics of the project that could increase risk such 
as the increased foundering characteristics of the aging tanker fleet.  See section 7.5.4 for 
additional information. 
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Table 7.2. Spill Probabilities Over the Life of the NGP Based on Regulatory 
Application 

Type of Spill Probability over 30 
Years (%) 

Probability over 50 
Years (%) 

Tanker Spill 

Any size oil/condensate 11.3 - 32.1 18.2 - 47.5 
Any size oil 8.2 - 24.0 13.3 - 36.7 
Oil > 5,000 m3 5.3 - 14.0 8.7 - 22.2 
Oil > 20,000 m3 1.1 - 1.7 1.8 - 2.8 
Oil > 40,000 m3 0.2 0.3 - 0.4 

Terminal Spill 
Any size oil/condensate 38.6 - 65.1 55.6 - 82.7 
Any size oil 28.5 - 59.2 42.8 - 77.5 

Pipeline Spill 
Oil/Condensate leak 99.9 99.9 
Oil leak 99.9 99.9 

Tanker, Terminal, 
or Pipeline Spill 

Oil/Condensate 99.9 99.9 
Oil 99.9 99.9 

Source: Computed based on Brandsæter and Hoffman (2010) and WorleyParsons (2012).  Note: Range 
represents mitigated and unmitigated spill probabilities with the exception of pipeline spills.  Overall spill 
probability for NGP based on any size tanker spill, any size terminal spill, and pipeline leaks. 

3. Lack of clear communication of spill risk estimates generated in detailed 
technical data reports in the main NGP application 

A fourth deficiency is ENGP’s failure to clearly state in the main application report 

the results of spill estimates generated in the detailed technical reports.  For example, 

ENGP summarizes the 139-page Marine Shipping QRA in just 23 pages in the 

TERMPOL Study, in just two pages in Volume 7C, and four pages in Volume 8C of the 

NGP regulatory application.  The executive summary of the NGP application 

summarizes the risk of tanker spills in just one paragraph that states (ENGP 2010, Vol. 1 

p. 11-35):  

For risk related to vessel transits within the Territorial Sea of Canada with 
inclusion of navigation safety mitigation (primarily the use of tethered and 
close escort tugs), the calculated return period of a spill of any size from a 
tanker carrying oil is 350 years. For condensate, the return period is 890 
years. The return period for large scale releases increases (risk level 
decreases) substantially to a level of 550 years for a spill exceeding 5,000 
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m3, 2,800 years for a spill exceeding 20,000 m3 and more than 15,000 
years for a spill exceeding 40,000 m3. 

A significant amount of important information required to inform decision-makers 

is missing from both the TERMPOL Study and Volumes 1, 7B and 8C of the NGP 

application, including information on the methodological approach, data gaps and 

limitations, assumptions used throughout the analysis, uncertainties associated with the 

results, and the sensitivity analysis.  Failure to disclose important background 

information for decision-makers can result in decisions based on imprecise or 

incomplete risk estimates (NRC 1994; Aven 2010; 2011b).   

Further, ENGP presents spill risk for pipeline operations in three pages in 

Volume 7B and there is no reference to a technical data report or appendix containing a 

more comprehensive analysis of pipeline spills.  Thus, not only is the information on 

pipeline spill risk inadequate in Volume 7B, but no data report exists to clarify the 

methodology, data, assumptions, and limitations in order to clearly and comprehensively 

explain how pipeline spill risk was estimated50.  The disconnect between data reports 

and the main NGP regulatory application, as well as the complete absence of a data 

report for pipeline spills, reduces accessibility to critical information, presents barriers to 

the effective communication of spill risk to stakeholders, and could negatively impact the 

decision-making process.  

4. Failure to clearly address the effective implementation of mitigation measures 
that reduce risk 

Another consideration related to clarity concerns the presentation of mitigation 

measures that purportedly reduce risk, without discussing the effective implementation 

of such risk management measures.  The Marine Shipping QRA identifies mitigation 
 
50  Note that although the Pipeline SQRA from WorleyParsons (2012) examines a full-bore 

pipeline rupture and the Pipeline Safety and Pump Station QRAs from Bercha Group (2012b; 
2012c) examine pipeline spills at pump stations and a pipeline spill in densely populated 
areas, these reports are standalone studies that are independent from Volume 7B and were 
submitted two years after the initial application at the request of the JR Panel. 
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measures that its authors claim will significantly reduce the likelihood of a spill.  Ensuring 

effective implementation of mitigation measures that reduce spill likelihood is the 

responsibility of the company and the NEB, which is responsible for regulating 

companies’ activities.  The enforcement and monitoring record of the NEB raises serious 

doubts about the effectiveness of implementing risk management strategies.  According 

to an audit performed by the Commissioner of the Environment and Sustainable 

Development (2011, p. 10), nearly two-thirds (64%) of the compliance verification files 

reviewed by the NEB identified deficiencies and only 7% of those files provided evidence 

that the NEB followed up with companies to determine if deficiencies were corrected.  

Further, 100% of the emergency response plans reviewed had deficiencies and there 

was a follow-up to address the deficiencies in only one case (CESD 2011, p. 11).  Thus, 

if ENGP fails to implement mitigation measures and the NEB fails to take corrective 

action, spill risk could significantly exceed risk estimates that assume effective 

implementation of all risk-reducing mitigation measures.   

Furthermore, inadequate monitoring and enforcement have implications for 

emergency response in the event that a spill from the NGP occurs.  If the NEB fails to 

enforce emergency spill response initiatives outlined by ENGP in the NGP regulatory 

application, a similar situation may result as the 20,000-bbl dilbit spill that shutdown 

sections of the Kalamazoo River near Marshall, Michigan in July 2010 (NTSB 2012).  

Factual reports from the National Transportation Safety Board investigation into the spill 

characterize Enbridge’s response as incompetent in the detection and shutdown of the 

spill and suggest that Enbridge demonstrated inadequate preparation to contain the spill.  

Indeed, Enbridge control room operators failed to detect, or attempt to shutdown, the 

ruptured pipeline for 17 hours even though monitoring systems repeatedly sounded 

alarms and displayed low-pressure readings (NTSB 2012).  After the spill was detected, 

Enbridge experienced considerable difficulties locating contractors and other resources 

in the region to contain the spill and waited for the US Environmental Protection Agency 

to eventually provide the contact information for contractors (NTSB 2012).   

In its regulatory application for the NGP, ENGP outlines a general spill response 

plan and claims that equipment will be pre-staged to improve response time (ENGP 

2010, Vol. 8C p. 5-1).  However, the weak monitoring record of the NEB and Enbridge’s 

recent mismanagement of the pipeline spill in Michigan make it clear that any mitigation 
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measures identified in the NGP application to reduce spill risk and minimize spill damage 

should include a risk assessment of the likelihood of implementation failure.  It should 

also be accompanied by a detailed implementation plan that clearly outlines a 

comprehensive monitoring and verification program51.   

Evaluation: There are four major deficiencies related to the clarity criterion and thus this 

criterion is not met. 

7.5.4. Reasonableness 

Criterion: The analytical approach ensures quality, integrity, and objectivity, and 
meets high scientific standards in terms of analytical methods, data, assumptions, 
logic, and judgment. 

The methodological approach estimating spill risk for the NGP contains five 

major deficiencies related to the reasonableness criterion.  Major deficiencies include: 

1. Limited geographical extent of the study area in which spill risk for tanker 
operations is estimated 

The authors of the Marine Shipping QRA calculate tanker spill risk based on a 

limited study area.  ENGP assesses spill risk within the 12 nm limit of the Territorial Sea 

of Canada, which is consistent with the scope of the project established by the CEA 

Agency and the NEB (NEB and MoE 2012, p. 11).  Section 5 of the CEAA 2012 requires 

the consideration of environmental effects that occur outside Canada.  The CEA Agency 

and the NEB provide no rationale for excluding the open water area outside the 

Territorial Sea of Canada where a tanker spill may occur in their definition of the scope 

of marine shipping activities.   

There are at least two options to estimate tanker incidents outside Canada.  The 

first option is to assess spill risk within the Exclusive Economic Zone that extends 200 

 
51  I acknowledge that the Enbridge spill in Michigan occurred in a different jurisdiction than that 

regulated by the NEB.  However, I reference the mismanagement of the spill to demonstrate 
that poor implementation of a spill response plan can have serious consequences. 
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nm from land as defined in Canada’s Oceans Act (S.C. 1996, c. 31) and the United 

Nations Convention on the Law of the Sea since surface waters are considered 

international waters.  Although the coastal state (e.g. Canada) has sovereign rights to 

natural resources in the Exclusive Economic Zone, all states (coastal or land-locked) 

have the right to navigate by sea or flyover the Exclusive Economic Zone as long as they 

comply with international laws and regulations and those laws and regulations of the 

coastal state (UN General Assembly 1982).  The risk assessors in the Marine Shipping 

QRA correctly use the 200 nm boundary of the Exclusive Economic Zone in the 

sensitivity analysis (see section 6.2.1).   

The second option is to use one-way sailing distances to crude export markets in 

Asia.  Sailing distances from Kitimat, BC to the three key Northeast Asia markets of 

Shanghai, China, Yokohama, Japan, and Ulsan, South Korea range from 4,041 to 4,865 

nm (ENGP 2010, Vol. 2 App. A p. 13).  The methodology in the Marine Shipping QRA 

estimates tanker incident frequencies for three shipping routes within Canada’s 

Territorial Sea that represent an average of 233 nm.  Thus, an average of nearly 4,200 

nm per tanker route would need to be included to estimate spill risk along the entire 

tanker shipping route to key markets in Asia (Table 7.3).  Assuming 149 oil tankers sail 

at least one leg of their voyage to Asia, over 624,000 nm would need to be included in 

the analysis to estimate spill risk for all oil tankers sailing to Asia per year.  Sailing 

distances to export markets illustrate that the methodology in the Marine Shipping QRA 

potentially results in a significant underestimate in spill risk and prohibits decision-

makers from reasonably judging the likelihood of significant adverse environmental 

effects of the NGP outside Canada.  
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Table 7.3. Differences in Nautical Miles used to Estimate Tanker Spills and 
Actual Nautical Miles to Key Export Markets 

Key Export Market One-way Distance 
to Market (in nm) 

Average One-way 
Distance in Study 

Area (in nm) 

One-way Distance 
Shortfall per 

Tanker (in nm) 

Total Distance 
Shortfall per Year 

(in nm) 

Asia 

Shanghai, China 4,865 233 4,631 690,044 

Yokohama, Japan 4,041 233 3,808 567,342 

Ulsan, South Korea 4,363 233 4,129 615,246 

Average 4,423 233 4,189 624,211 

Source: Computed from Brandsæter and Hoffman (2010, p. 3-1); MS (2010, p. 13).  Note: Nautical miles for 
Asia markets calculated as half of the round-trip distance to all three regions in MS (2010, p. 13).   

2. Reliance on tanker incident frequency data that underreport incidents by 
between 38% and 96%  

Literature in peer-reviewed sources suggests that vessel accident data reported 

in the LRFP database, which analysts use in the Marine Shipping QRA to determine 

tanker incident frequencies, have serious deficiencies.  Hassel et al. (2011) examine the 

LRFP database for underreporting of foundering, fire/explosion, collision, 

wrecked/stranded, contact with a pier, and hull/machinery accidents for merchant 

vessels exceeding 100 gross tonnes registered in particular states (flag states) including 

Canada, Denmark, Netherlands, Norway, Sweden, United Kingdom, and the US from 

January 2005 to December 2009.  Using various statistical methods, the researchers 

estimate that reporting performance by LRFP ranges between 4% and 62% for select 

flag states compared to actual accident occurrences.  In effect, this suggests that as few 

as one in 25 accidents were reported in the LRFP database for a particular flag state 

over a five-year period.  In the best-case scenario for accidents involving Canadian 

vessels, the LRFP database reports 69% of all accidents and thus omits nearly one-third 

(31%) of all accidents occurring for vessels with a Canadian flag (Hassel et al. 2011).   

A separate study conducted by Psarros et al. (2010) observes similar 

underreporting in the LRFP database for accidents from vessels registered in Norway.  

Based on an analysis of accident data for merchant vessels exceeding 100 gross 

registered tonnage from February 1997 to February 2007, the researchers estimate that 

at best only one in three (30%) accidents that occurred are reported in the LRFP 
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database.  Thus, the LRFP database has no record for 70% of accidents from vessels 

registered in Norway over a 10-year period.  Furthermore, Psarros et al. (2010) observe 

that the effect of the vessel’s size on reporting performance is insignificant and that the 

seriousness of an accident does not have a significant effect on the likelihood of an 

accident being reported.  The relationship between incident frequency underreporting in 

the LRFP database and spill frequency calculations in the NGP risk assessment is 

unknown due to the failure of the risk assessors to include proprietary data from LRFP in 

the Marine Shipping QRA.  However, ENGP consultants acknowledged under oath that 

the underreporting of spills is approximately 25% (NGP Final Hearings 2013, Vol. 156). 

To address underreporting, Hassel et al. (2011) suggest that statistical accident 

data should be accompanied by adjustments such as correction factors, safety margins, 

or expert judgment.  In the Marine Shipping QRA, risk assessors did not adjust data 

derived from the LRFP database to incorporate any uncertainties associated with LRFP 

data.  Good practice requires risk assessors to, at a minimum, disclose the known issue 

of incomplete LRFP data in a transparent manner and describe why they did not adjust 

the data accordingly.  The failure of risk assessors to acknowledge deficiencies in LRFP 

data and make adjustments to correct for underreporting is particularly surprising given 

that, at the time the article documenting underreporting was published (2010), the 

authors of that article were employees of the same organization that prepared the 

Marine Shipping QRA.   

3. Potential double-counting of mitigation measures for LRFP tanker incident data 

The methodological approach in the Marine Shipping QRA decreases tanker spill 

risk by adjusting LRFP data due to proposed mitigation measures for the NGP based on 

the use of escort and tethered tugs at Kitimat Terminal.  Risk assessors claim that the 

use of escort and tethered tugs in NGP marine operations will reduce the frequency of 

powered and drift groundings by 80% to 90% and will reduce collision incidents by 5% 

compared to tanker incidents without these mitigation measures (Brandsæter and 

Hoffman 2010, p. 8-120).  As a result of these mitigation measures, the analysts 

decrease their spill risk estimate three-fold from an unmitigated return period of 78 years 

for any size oil or condensate tanker spill to a mitigated return period of 250 years.   
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LRFP tanker incident data may already represent locations that use escort tugs 

for tanker traffic and thus the downward adjustments to the LRFP data may double-

count mitigation measures that reduce spill risk.  The Marine Shipping QRA states that 

LRFP data represent international tanker incident frequencies between 1990 and 2006 

(Brandsæter and Hoffman 2010, p. 5-49).  A report entitled Study of Tug Escorts in 

Puget Sound prepared by the Glosten Associates for the Washington State Department 

of Ecology in 2004 discusses the current and historical use of escort tugs at several 

international ports in a time period that overlaps with the 1990-2006 data used in the 

Marine Shipping QRA.  In 2004 when the Glosten Associates study was released, escort 

tugs were required under state or federal law in at least four locations in the US and a 

further nine locations in other countries voluntarily used escort tugs for inbound and 

outbound tankers (Glosten Associates 2004, p. 8-9) (Table 7.4).  Escort tugs may also 

have been used at other locations in the world included in the LRFP dataset.  There is 

no evidence provided in the Marine Shipping QRA that adjustments were made to the 

LRFP dataset for ports where escort tugs are already in use.  Therefore if these 

adjustments were not made, the downward adjustments to LRFP data double count 

mitigation impacts of tugs and underestimate the actual spill risk for NGP tankers.  
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Table 7.4. Escort Tug Usage at International Tanker Ports 

Location Escort Tug Usage 
Puget Sound, Washington Mandatory 
Prince William Sound, Alaska Mandatory 
San Francisco Bay, California Mandatory 
Los Angeles/Long Beach, California Mandatory 
Whiffenhead, Newfoundland Voluntary 
Mongstad, Norway Voluntary 
Rafsnes, Norway Voluntary 
Brofjorden, Sweden Voluntary 
Gothenburg, Sweden Voluntary 
Porvoo, Finland Voluntary 
Sullom Voe, Scotland Voluntary 
Milford Haven, England  Voluntary 
Liverpool, England Voluntary 
Source: Adapted from Glosten Associates (2004, p. 8-9) 

4. Failure to consider different vessel characteristics in tanker incident 
frequencies  

There are two principle concerns related to vessel characteristics in the 

estimation of tanker incident frequencies.  First, the methodology in the Marine Shipping 

QRA fails to differentiate between VLCC, Suezmax, and Aframax tankers for tanker and 

terminal spills, even though the NGP regulatory application identifies distinct 

manoeuvrability differences among tanker classes.  The Marine Shipping QRA states 

“The incident frequencies derived from the LRFP data are considered to be valid for all 

three tanker classes forecast to call at Kitimat Terminal.  Tanker incident frequencies are 

influenced more by the specific shipping route, than the type of tanker” (Brandsæter and 

Hoffman 2010, p. 5-49).  However, a report prepared for ENGP entitled Maneuvering 

Study of Escorted Tankers to and from Kitimat: Real-time Simulations of Escorted 

Tankers for a Terminal at Kitimat clearly determines distinct differences among VLCC, 

Suezmax, and Aframax tankers for several manoeuvrability characteristics including 

steering ability, turning ability, and stopping ability.  In terms of steering ability, the study 
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determines that VLCCs require over one and a half times the distance to conduct a 

zigzag test52 than Aframax tankers with both vessels in laden condition (see Figure 4-1 

in Force Technology 2010).  Similarly, for the turning ability test53 for laden tankers, 

results show a considerably larger area required to turn VLCCs than both Suezmax and 

Aframax tankers when at full sea speed and at 10 knots (See Figures 4-2 and 4-3 in 

Force Technology 2010).  Finally, in terms of stopping ability, loaded VLCCs require 

nearly one and a half times the stop distance compared to Aframax tankers and nearly 

twice the distance of Suezmax tankers at 10 knots when the engines are running astern 

at full power (Figure 4-5 in Force Technology 2010).  

Based on the detailed findings in the report submitted on the manoeuvrability of 

tankers there are indeed very different manoeuvrability characteristics among VLCCs, 

Suezmax, and Aframax tankers navigating shipping routes.  Thus, the assumption in the 

Marine Shipping QRA of uniformity among the three tanker classes fails to incorporate 

any of the distinct handling capabilities of each tanker that could affect incident rates.  

Depending on the nature of the LRFP data, the uniformity assumption potentially results 

in an underestimate of particular incident occurrences for VLCCs compared to Suezmax 

and Aframax tankers if VLCCs have a higher incident frequency and the LRFP incident 

data largely consist of incident frequencies for Suezmax and Aframax tankers.  Failure to 

include proprietary LRFP data prevents any verification of incident occurrence rates for 

the various tanker classes.  However Eliopoulou and Papanikolaou (2007) found that 

tanker incidents with serious consequences or total losses and spillage rates between 

1990 and 2003 were highest for VLCCs compared to Aframax and Suezmax tankers. 

 
52  Tankers perform the zigzag test by “…commanding the rudder 10 deg. to port. When the ship 

has changed its course 10 deg. from its initial course, the rudder is commanded 10 deg. to 
starboard. When the ship has changed its course 10 deg. to starboard from its original 
course, the rudder is again commanded 10 deg. to port.” (Force Technology 2010, p. 19). 
The test completes after two zigzags. 

53  Tankers perform the turning ability test by “…commanding the rudder 35 deg. to starboard 
while the engine is running at the maximum load. As the ship starts to turn, a great part of the 
ship’s longitudinal speed is transferred into a transverse (drift) speed that due to the great 
resistance reduces the longitudinal speed significantly.” (Force Technology 2010, p. 20). 
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A second consideration is the relative incident frequencies among different age 

classes of tankers.  A recent study from Eliopoulou et al. (2011) examines the 

relationship between tanker age and accidents in tanker casualty data from the LRFP 

database after the Oil Pollution Act of 1990.  The authors determine that incident rates 

for non-accidental structural failure, or what is referred to in the Marine Shipping QRA as 

foundering, vary significantly depending on the age of the double-hull tanker.  Indeed, 

non-accidental structural failure tanker incidents for double-hull tankers ranging between 

16 and 20 years old54 are over 2.5 times higher compared to tankers aged 11 to 15 

years and over 4 times higher compared to tankers aged 6 to 10 years.  In 2009, 

Eliopoulou et al. (2011) estimate that the average age of double hull tankers in the 

worldwide operational fleet at that time was between 4 and 8 years.  Papanikolaou et al. 

(2009) estimate that, due to the young age of the worldwide tanker fleet, non-accidental 

structural failures could become significant after 2020, which is the date by which the 

NGP could become fully operational.  Thus, historical incident frequency data from the 

LRFP database may underestimate future incident rates for non-accidental structural 

failures for NGP tankers since the methodological approach in the Marine Shipping QRA 

does not consider the potential increase in double-hull tanker age during the operating 

period of the NGP. 

In summary, the methodology in the Marine Shipping QRA should differentiate 

tanker incidents and spill rates among the different tanker classes and different tanker 

ages.  Failure to consider different vessel characteristics results in a potential 

underestimate of future tanker accidents. 

5. Reliance on subjective judgments to assess tanker spill risk in the study area 

The Marine Shipping QRA includes scaling factors that risk assessors use to 

adjust the risk of tanker routes used by the NGP.  Scaling adjustments are based on a 

large number of variables including weather, vehicle traffic, distance to shore, and others 

 
54  ENGP has stated that it will not use tankers over 20 years of age in an effort to prevent 

hydrocarbon spills (ENGP 2010, TERMPOL Study No. 3.15).  
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itemized in Brandsæter and Hoffman (2010, p. 5-53).  Scaling factors are based on 

comparing the NGP tanker routes to the world average.  However, the Marine Shipping 

QRA does not clearly identify whether analysts assess scaling factors based on the 

comparison of the NGP route to all other routes in the world for which the data are 

collected or whether they assess factors for the routes that are close to shore in an area 

similar to the BC study area.  The two approaches would produce significantly different 

estimates that would result in material changes to incident frequencies.  Scaling factors 

for some variables are as low as 0.001, suggesting that predicted incidents on some 

segments of NGP tanker routes represent only 0.1% relative to the world average 

(Brandsæter and Hoffman 2010, p. 5-53).  The risk assessors provide no supporting 

data comparing tanker routes and provide no objective evidence to justify the scaling 

factors.  Instead, as confirmed in cross-examination of the evidence during Final 

Hearings, an ENGP consultant acknowledged that the analysis relies on subjective 

judgments of a small group of “experts” provided in a one day workshop.  It was also 

admitted that there is no mathematical relationship between scaling factors and there is 

no quantified systematic method used to verify these subjective judgments (NGP Final 

Hearings 2013, Vol. 156).  Given that these scaling factors have a significant impact on 

estimated risk, the weakness in determining the scaling factors undermines the reliability 

of the risk estimates. 

Evaluation: There are five major deficiencies related to the reasonableness criterion and 

thus this criterion is not met. 

7.5.5. Reliability 

Criterion: Appropriate analytical methods explicitly describe and evaluate sources 
of uncertainty and variability that affect risk, and estimate the magnitudes of 
uncertainties and their effects on estimates of risk by completing sensitivity 
analysis. 

The methodological approach estimating spill risk in the NGP regulatory 

application contains three major deficiencies related to the reliability criterion.  
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1. Lack of confidence intervals to communicate uncertainty and variability in spill 
risk estimates for tanker, terminal, and pipeline operations 

The methodologies estimating spill risk for NGP tanker, terminal, and pipeline 

operations provide point estimates for risk that fail to characterize and communicate 

uncertainty and variability.  There are no confidence intervals for any of the spill 

estimates or failure frequencies in Volume 7B, Volume 8C, the TERMPOL Study, the 

Marine Shipping QRA, the Pipeline Safety, Kitimat Terminal, and Pump Station QRAs, or 

the Pipeline SQRA despite the explicit recommendation in the Scope of the Factors to 

calculate the margin of error (CEA Agency 2009b, p. 7).  Since confidence intervals 

provide a measure of the precision of a calculated value, and describe the uncertainty 

surrounding an estimate, the absence of confidence levels understates the degree of 

risk in the results of the risk assessments.  Failure to present confidence intervals 

implies that there is little or no uncertainty in spill risk estimates and this provides a false 

sense of confidence in the results.  Thus spill risk estimates for the NGP fail to provide a 

measure of precision, fail to communicate uncertainty in spill-related data, and 

potentially mislead decision-makers to presume that there is certainty in the estimates 

even though this is not the case. 

2. Failure to complete a sensitivity analysis that effectively evaluates uncertainty 
associated with spill risk estimates 

The various technical reports addressing spill risk submitted for the NGP do not 

include comprehensive sensitivity analyses that measure the uncertainty of spill 

estimates in a meaningful way.  The analysis of spills in Volume 7B, the Pipeline Safety, 

Kitimat Terminal, and Pump Station QRAs, and the Pipeline SQRA do not contain 

sensitivity analyses.   

The Marine Shipping QRA is the only risk assessment for the NGP that contains 

a formal sensitivity analysis, but it contains several deficiencies.  First, the limited 

sensitivity analysis for tanker traffic examines only four parameters: increased scaling 

factors for grounding; increased traffic density; increased/decreased number of tankers 

calling at Kitimat Terminal; and extending segments 5 and 8 by 200 nm.  The sensitivity 

analysis fails to examine sufficient increases in parameters, particularly increases in 
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tanker traffic associated with the expansion scenario that increases oil pipeline 

throughput to 850 kbpd and condensate pipeline throughput to 275 kbpd (ENGP 2011c).  

This increased volume would result in an increase in tanker traffic of 50%, much higher 

than the 14% increase in tanker traffic used in the sensitivity analysis.  The higher tanker 

traffic would, in turn, significantly increase spill risk.  Second, risk assessors do not 

examine changes in critical parameters such as conditional probabilities and incident 

frequencies to determine their effect on spill risk.  Since incident frequencies and 

conditional probabilities are multiplied together, any uncertainty in these estimates 

propagates through to the final estimate of spill risk (Morgan et al. 2009) and could result 

in significant changes to spill return periods.  The uncertainty of these critical parameters 

should be tested with a comprehensive sensitivity analysis.  Third, there is no sensitivity 

analysis for mitigated tanker operations, as well as unmitigated and mitigated spills at 

the marine terminal.  Fourth, the sensitivity analysis for tanker spills only tests one 

parameter change at a time and does not assess the impact of simultaneously changing 

multiple parameters.  Fifth, other important regulatory documents such as the TERMPOL 

Study and Volume 8C do not refer to the limited sensitivity analysis completed in the 

Marine Shipping QRA technical data report.  Thus, the sensitivity analysis for NGP spill 

risk evaluates only four parameters for the entire project, ineffectively measures the 

magnitude of uncertainties, and the results of this analysis fail to appear in other 

components of the NGP regulatory application.  

3. Failure to state limitations and provide qualifications in the analysis 

A common weakness in all risk assessment documents in the NGP regulatory 

application is a lack of discussion of the limitations of the analysis and any qualifications 

that decision-makers must keep in mind when evaluating the results.  ENGP and its 

consultants do not explicitly state limitations and qualifications related to the 

uncertainties in tanker and pipeline spill risk in the NGP application.  For example, 

ENGP fails to state limitations and qualifications for its reliance on LRFP data that 

underestimate tanker incident frequencies, its downward adjustments to pipeline spill 

frequency data, and its potential double-counting of mitigation measures for tanker 

incidents, among others.  All methodological approaches contain uncertainties that affect 

the reliability of the results, such as variability, randomness, lack of knowledge, data 

gaps, and disagreements or lack of consensus in the scientific community over various 
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theories or models (NRC 1996; US EPA 1998; Aven 2011b).  Failure to characterize 

uncertainty by explicitly stating the limitations and qualifications of the analysis conceals 

important background information from decision-makers and increases the likelihood 

that decisions will be made with imprecise, incomplete, or misleading risk estimates 

(NRC 1994; Aven 2010; 2011b).   

Evaluation: There are three major deficiencies related to the reliability criterion and thus 

this criterion is not met. 

7.5.6. Validity 

Criterion: Independent third-party experts review and validate findings of the risk 
analysis to ensure credibility, quality, and integrity of the analysis. 

There are three major deficiencies in the NGP regulatory application related to 

the validity of the risk analysis: 

1. Inadequate review and validation of spill risk estimates for tanker, terminal, and 
pipeline operations 

There is no evidence to suggest that the majority of findings in Volume 7B, 

Volume 8C, the Marine Shipping QRA, the TERMPOL Study, the Pipeline Safety, Kitimat 

Terminal, and Pump Station QRAs, and the Pipeline SQRA were peer reviewed or 

validated by independent experts.  Volume 7B and Volume 8C of the NGP regulatory 

application and the Pump Station QRA (Bercha Group 2012c) contain no reference to 

any expert peer review or validation of estimates for tanker, terminal, and pipeline spills.  

The methodological approach in the Marine Shipping QRA (partly summarized in the 

TERMPOL Study) underwent expert review to identify and evaluate hazards that 

influence tanker risk, as well as to validate local scaling factors that adjust tanker 

operations to the BC study area.  However, these two components represent only a 

portion of the larger methodology used to estimate tanker spill risk.  There was no expert 

review and validation of important findings related to incident frequencies, conditional 

probabilities, mitigation measures, and return periods for tanker and terminal spills.  Risk 

assessors claim that certain components of the methodological approaches underlying 

the Kitimat Terminal and Pipeline Safety QRAs were discussed with experts (Bercha 

Group 2012a; 2012b).  Yet, the authors provide no evidence of any consultations with 
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experts in either report and thus it is unclear how expert judgment was used in the 

reports and whether or not the experts were independent.  With regards to the Pipeline 

SQRA, sections of the pipeline failure frequency assessment underwent expert 

judgment, particularly failure frequencies for incorrect operations and geohazards, 

although these frequencies represent only two of the eight hazards for which spill 

frequencies were developed and there are issues related to the independence of the 

experts involved (see following section).   

I acknowledge that experts acting on behalf of interveners in the JRP reviewed 

the NGP application in order to prepare information requests, submit their own evidence, 

and cross-examine the proponent.  However, these experts did not have access to 

sufficient information to judge the validity of the spill risk results in the application.  

Therefore, the project applicant should be required to use independent experts to test 

the validity of its own section 52 application without relying solely on interveners in the 

JRP to take on this role.  The absence of review and validation of the various risk 

assessment methodologies raises concerns over the quality and integrity of spill 

estimates in the NGP regulatory application.  

2. Experts in the review and validation of spill risk estimates lack independence 
and third-party status 

A second major deficiency concerns the lack of third party, independent review 

and validation of the parts of the risk assessment methodologies that underwent expert 

review.  Third party reviewers such as universities and government agencies should 

assess technical documentation to confirm the integrity of the analysis and contribute 

credibility to the results (CSA 1997; IALA 2008).  The two studies to undergo review, i.e. 

the Marine Shipping QRA and the Pipeline SQRA, were evaluated by experts affiliated 

with the organizations that prepared the analyses.  

In their attempt to identify hazards that affect tanker incident frequencies, the 

authors of the Marine Shipping QRA consulted with local experts in marine 

transportation on the BC coast (Brandsæter and Hoffman 2010, p. 4-40) and held 

meetings and interviews with some local stakeholders (Brandsæter and Hoffman 2010, 

p. 4-46).  Once local stakeholders identified hazards in the workshop, experts evaluated 
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hazards of the proposed tanker routes that would be used by NGP.  However, the four 

experts evaluating hazards consisted of three employees of the same organization that 

prepared the Marine Shipping QRA and one employee of a consulting firm hired by 

ENGP (Brandsæter and Hoffman 2010, p. 4-44).  The authors of the Marine Shipping 

QRA then incorporated the findings of the hazard identification process into tanker 

incident frequencies by scaling world average frequencies in order to represent the BC 

study area.  The risk assessors then held another workshop where they conducted a 

peer review to validate the findings of the process to determine appropriate local scaling 

factors.  However, the review and validation of local scaling factors lacked 

independence.  Two of the five experts involved in the review authored the Marine 

Shipping QRA (Brandsæter and Hoffman 2010, p. 5-52), while one reviewer was at one 

time a consultant with the same organization and another reviewer is affiliated with the 

organization (DNV 2004; 2008).   

The Pipeline SQRA examining pipeline spill risk also uses expert review that 

lacks independence.  The authors of the Pipeline SQRA contracted AMEC (consultants 

in engineering and project management) to determine the failure frequency of 

geohazards such as rock falls, stream flow and erosion, and avalanches.  AMEC uses 

expert judgment to assess the likelihood of a pipeline spill from geohazards (AMEC 

2012).  Three of the four expert panel members are affiliated with the organizations that 

either authored the report, or directly provided analysis, for the report (AMEC 2012 p. 6).  

Similarly, Dynamic Risk Assessment Systems, which completed analysis for the Pipeline 

SQRA, conducted a workshop to determine data requirements for estimating spill risk.  

Every attendee at the workshop was either a representative of Enbridge or its 

consultants (i.e. AMEC and WorleyParsons) (DRAS 2012).  

In summary, the expert review and validation of findings for the Marine Shipping 

QRA and Pipeline SQRA lack independence.  While there is no reason to question either 

the expertise or integrity of individuals that participated in the review, the lack of third-

party, independent review and validation of spill risk estimates for the NGP fails to satisfy 

good practices that characterize a quality risk assessment.  
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3. Failure to validate spill risk models with actual spill data 

A third major deficiency is the failure to validate spill risk models with real word 

data.  According to historical spill performance data submitted by Enbridge (2012) to the 

JR Panel providing the number of reportable spills per thousand km of liquids pipeline, 

the frequency of spills increased from 1998 to 2010 on the Enbridge system (see linear 

trendline in Figure 7.2).  Notwithstanding this increase in historical spill frequency, 

Volume 7B, the Pipeline Safety QRA, and the Pipeline SQRA all incorporate large 

downward adjustments to historical pipeline spill data that significantly reduce the 

likelihood of a pipeline spill from the NGP.  Indeed, the spill forecast in the Pipeline 

SQRA estimates one oil pipeline spill every 4 years over the operating life of the NGP, 

which represents a significant decrease compared to the historical frequency of spills on 

the Enbridge Liquids Pipeline System (Figure 7.2).  While I recognize that the 13-year 

period from 1998 to 2010 is an insufficient amount of time to evaluate historical spill 

data, Enbridge does not publicly provide comprehensive spill data prior to 1998.  I 

acknowledge that the spill data provided by ENGP for the Enbridge Liquids Pipeline 

System are not broken down by pipeline age to allow for a direct comparison of newer to 

older pipelines.  Nonetheless, Enbridge’s own data show an increase in spill frequency 

in recent years that invalidates the assumed reduction in forecast spills in the NGP 

regulatory application.    
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Figure 7.2. Comparison of Historical Spill Performance of the Enbridge Liquids 
Pipeline System and Forecast NGP Spills 

 
Source: Computed from ENGP (2012); WorleyParsons (2012).  Note: Spill frequencies estimated 

for both the Enbridge Liquids Pipeline System and the NGP represent the number of 
spills per thousand km of pipe. 

Evaluation: There are three major deficiencies related to the validity criterion and thus 

this criterion is not met. 

7.5.7. Stakeholder Participation 

Criterion: Stakeholders participate collaboratively throughout the risk assessment 
and determine acceptable levels of risk that assess alternative means of meeting 
project objectives. 

Methods estimating spill risk in the NGP regulatory application contain three 

major deficiencies related to the stakeholder participation criterion: 

1. Failure to successfully engage stakeholders to participate in the risk 
assessment 

ENGP established a QRA working group to oversee the completion of the Marine 

Shipping QRA.  The QRA working group held seven meetings that allowed stakeholders 

to provide input for choosing consultants to prepare the QRA, establishing the scope and 

methods of the analysis, and reviewing drafts of the QRA (ENGP 2010, Vol. 4).  ENGP 
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contacted 10 Aboriginal groups, 11 environmental non-government organizations, two 

municipal organizations, and two federal departments to participate in the QRA working 

group. 

Although ENGP attempted to involve stakeholders in planning the QRA, many 

stakeholders refused to participate in the process.  ENGP notes that a number of groups 

did not participate because of concerns about the regulatory process or opposition to the 

NGP; other groups preferred to observe the meetings due to the uncertainty that their 

attendance would be mischaracterized as support for the project (ENGP 2010, Vol. 4 p. 

3-29).  The participation of stakeholder groups in the QRA working group meeting 

declined from nine (36% of invited) groups in the first meeting to three (12%) in the final 

meeting (Table 7.5).  There was no Aboriginal participation in three of the meetings and 

participation of one or less environmental group in five of the QRA meetings.  

Table 7.5. Stakeholder Participation in QRA Working Group 

Stakeholder Type  
(maximum number) 

QRA Working Group Meeting 
1st  2nd  3rd  4th 5th 6th  7th 

Aboriginal Groups (10) 4 2 0 3 1 0 0 
Environmental Groups (11) 2 1 1 2 0 1 1 
Municipal Organizations (2) 2 2 2 2 1 2 2 
Federal Departments (2) 0 0 0 0 0 0 0 
Total (25) 9 5 3 7 2 3 3 
Source: Computed from ENGP (2010, Vol. 4).  Note: The total number of stakeholder groups in attendance 
during the first meeting equals nine since a representative from the Skeena Queen Charlotte Regional 
District attended the meeting and this stakeholder does not represent any of the categories listed in the 
table.  Representatives from the Nature Conservancy of Canada and the City of Prince Rupert did not 
attend the fifth meeting that had 2 stakeholders but were consulted on an individual basis. 

It is unclear why many groups chose not to participate in the QRA working group.  

Non-participation among stakeholders in a planning process may result from positive 

and negative perspectives of the process.  In terms of positive perspectives, 

stakeholders may decide not to participate if they have confidence the process will 

produce favourable outcomes without their participation, or they may choose to 

participate in later stages of the process (Cheng and Mattor 2006).  Negative 

perspectives associated with non-participation in a stakeholder decision-making process 
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may include the perception that the process is intended to manipulate stakeholders to 

support a predetermined decision (Arnstein 1969; Cheng and Mattor 2006), that there 

are greater issues involved that the process will not solve (Daniels and Walker 1996; 

2001; Walker and Daniels 2001), that there is general distrust of the decision-makers 

and/or other participants (Cheng and Mattor 2006), or that there is uncertainty about 

whether stakeholder input will actually influence the decision (Cheng and Mattor 2006).   

The reason for non-participation in the QRA working group likely varies by group 

and not all potential participants provided a reason for their refusal to participate.  In its 

Final Argument submitted to the JR Panel, Coastal First Nations indicated that they 

refused to participate in the QRA working group because they did not feel the process 

was going to be a balanced one and there was no consultation protocol that would 

provide assurance that First Nations’ Aboriginal Rights and Title would be protected 

(CFN 2013).  Further, Coastal First Nations were concerned that ENGP would imply that 

First Nations’ participation in the QRA working group meant that they endorsed the 

process (CFN 2013).  Regardless of the reason for non-participation among the various 

stakeholder groups, ENGP was unsuccessful in engaging parties to participate in the 

QRA working group.  

2. Failure to define risk acceptability in terms of the needs, issues, and concerns 
of stakeholders potentially impacted by the project 

Technical information cannot provide the basis for determining acceptable levels 

of risk (BC MELP 2000).  Indeed, risk acceptability should be assessed from an open 

dialogue with stakeholders that builds trust and provides confidence in the results (IALA 

2008).  Determining acceptable levels of risk should be an iterative process that begins 

with stakeholder consultations early in the process and continues throughout the 

process to address any residual risk after appropriate mitigation measures have been 

proposed (IALA 2008).  The magnitude of adverse impacts is also an important 

consideration that affects risk acceptability.  Acceptable risk for a major oil spill will likely 

be lower than the acceptable risk for a smaller spill that causes less significant impacts. 

Acceptable risk may also vary across regions, depending on whether those impacted are 

more or less risk averse.  
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The methodological approaches in the risk assessments for the NGP all define 

risk in technical terms.  Risk acceptability in the Marine Shipping QRA has an implicit 

technical definition that compares spill forecasts for the NGP derived from historical 

international data with spill frequencies representative of the ‘world average’.  The 

authors of the Marine Shipping QRA compare the unmitigated return period of 79 years 

for oil/condensate spills to the international spill return period of 74 years and claim that 

the risk “is slightly better than the world average” and that the risk “...may be acceptable 

compared to existing international operations…” (Brandsæter and Hoffman 2010, p. 7-

116)55.  The Pipeline Safety, Kitimat Terminal, and Pump Station QRAs, and the Pipeline 

SQRA also fail to adequately assess and define risk acceptability in terms of the needs, 

issues, and concerns of stakeholders potentially impacted by the project.  The Pipeline 

Safety, Kitimat Terminal, and Pump Station QRAs all define risk acceptability in a 

technocratic manner based on pre-determined criteria to determine whether or not the 

risk is significant (Bercha Group 2012a; 2012b; 2012c).  Similarly, authors of the Pipeline 

SQRA report determine the significance of a threat or hazard in terms of data availability 

and quality, whereby threats or hazards that cause pipeline failure are assessed as 

significant or insignificant depending on historical data56.  Finally, ENGP does not 

discuss or define acceptable levels of risk in Volume 7B for the likelihood of pipeline 

spills, which implies that all levels of risk from pipeline spills are acceptable.  These 

technical definitions of risk limit risk analysis to data, methods, and assumptions of the 

analysts preparing the assessment and fail to incorporate the goals, objectives, and 

concerns of stakeholders potentially impacted by risk.  

 
55  The unmitigated return period of 79 years referenced by Brandsaeter and Hoffman (2010) on 

p. 7-116 is inconsistent with the unmitigated return period of 78 years referenced on pages 7-
107, 1-108, and page 137 of Brandsæter and Hoffman (2010). 

56  I note that the authors of the Pipeline SQRA use the term “significant” throughout the study to 
describe threats to the NGP pipeline but do not define the term.  
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3. Inadequate assessment and comparison of risks associated with project 
alternatives 

A third major deficiency concerns ENGP’s inadequate approach to identifying 

and comparing alternative approaches to meeting the objective of the NGP, which is 

“…to provide access for Canadian oil to large and growing international markets, 

comprising existing and future refiners in Asia and the United States West Coast” 

(ENGP 2010, Vol. 1 p. 1-3).  In its evaluation of alternatives, ENGP fails to justify the 

NGP in its proposed configuration, fails to adequately consider risks associated with 

alternative project configurations, and does not examine and compare risks associated 

with possible project alternatives beyond simply reconfiguring the NGP.   

In Volume 1 of its regulatory application, ENGP outlines several alternative 

routes, locations and configurations of the NGP prior to selecting the project in its current 

configuration.  But ENGP provides insufficient information to support its preferred option.  

According to ENGP (2010, Vol. 1 p. 4-3), it considered different locations near Edmonton 

and Fort McMurray for the inland pipeline terminus in AB and examined marine terminals 

in numerous locations, eventually narrowing candidate sites to Prince Rupert and 

Kitimat.  Enbridge determined that a pipeline terminus near Edmonton and a marine 

terminal in Kitimat were the preferred alternatives based on evaluative criteria that 

includes project lifecycle costs, acceptability to shippers, suitability for tankage, safety of 

tanker operations, constructability of project infrastructure, construction and operation 

safety, and the likelihood that environmental and socioeconomic interests are affected 

(ENGP 2010, Vol. 1. p. 4-1).  However, ENGP fails to provide adequate evidence that 

each alternative was evaluated according to these criteria and omits any detailed 

comparison of project alternatives required to identify the preferred alternative.   

The assessment of alternatives also fails to explicitly evaluate and consider spill 

risk for tanker, terminal, and pipeline operations for each alternative project 

configuration.  Nor was the magnitude of impacts identified for each alternative project 

should a spill occur.  ENGP consulted an analysis completed by Fisheries and Oceans 

Canada in the 1970s that examines the potential effects of oil spills at 11 west coast 

ports prior to narrowing down marine terminal options to Kitimat and Prince Rupert 

(ENGP 2010, Vol. 1 p. 4-3).  Nevertheless, ENGP’s assessment represents an 
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inadequate comparison of risks associated with each alternative terminal site that fails to 

assess and compare spill risk for tanker and pipeline operations in a comprehensive 

manner. 

On a broader scale, ENGP does not identify or compare viable alternatives that 

meet the stated purpose of the project beyond simply reconfiguring component parts of 

the NGP.  Realistic project alternatives should be identified, evaluated, and compared 

and the analysis should include a risk profile for each alternative that enables a 

comparison of the risks of each candidate project.  There are viable alternatives to 

shipping crude oil from the WCSB to market that involve no risk from oil tanker spills.  A 

comprehensive comparison of the various project alternatives would ensure that 

decision-makers have adequate information to determine the project that satisfies the 

public interest of all Canadians while minimizing environmental, cultural, social, and 

economic risks.   

Evaluation: There are three major deficiencies related to the criterion for stakeholder 

participation and thus this criterion is not met. 

7.6. Discussion 

The results of my evaluation show that none of the seven good practice criteria 

are met in the risk assessments for the NGP (Table 7.6).  The analysis also reveals a 

total of 27 major deficiencies in the approach taken to estimate spill risk for NGP tanker, 

terminal and pipeline operations.  
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Table 7.6. Results for the Qualitative Assessment of Risk Assessments in the 
NGP Regulatory Application 

Criterion Major Deficiency Result 

Transparency 
Documentation fully and 
effectively discloses supporting 
evidence, assumptions, data 
gaps and limitations, as well as 
uncertainty in data and 
assumptions, and their resulting 
potential implications to risk 
 

1. Lack of supporting evidence for LRFP tanker incident frequency data 
2. Insufficient evidence supporting conditional probabilities for tanker spills 
3. Lack of information comparing incident frequencies at Kitimat Terminal 

to marine terminals in Norway 
4. Lack of transparency in documenting how mitigation measures will 

reduce the likelihood of tanker and terminal spills 
5. Inadequate evidence supporting the reduction of spill frequencies for 

pipeline operations 

Not  
Met 

Reproducibility 
Documentation provides 
sufficient information to allow 
individuals other than those who 
did the original analysis to obtain 
similar results 

Insufficient proprietary data and information required to replicate: 
6. Incident frequencies for tanker accidents 
7. Probabilities and spill volume estimates for tanker spills, 
8. Mitigation measures for tanker and terminal operations 
9. Pipeline incident frequencies 

Not  
Met 

Clarity 
Risk estimates are easy to 
understand and effectively 
communicate the nature and 
magnitude of the risk in a 
manner that is complete, 
informative, and useful in 
decision-making 

10. Failure to effectively communicate the probability of spills over the life of 
the project 

11. Failure to combine estimates for tanker, terminal, and pipeline spills to 
present a single spill risk estimate for the entire project 

12. Lack of clear communication of spill risk estimates generated in detailed 
technical data reports in the main NGP application 

13. Failure to address the effective implementation of mitigation measures 
that reduce risk 

Not  
Met 

Reasonableness  
The analytical approach ensures 
quality, integrity, and objectivity, 
and meets high scientific 
standards in terms of analytical 
methods, data, assumptions, 
logic, and judgment 

14. Limited geographical extent of the study area in which spill risk for 
tanker operations is estimated 

15. Reliance on tanker incident frequency data that underreport incidents 
by between 38% and 96% 

16. Potential double-counting of mitigation measures for LRFP tanker 
incident data 

17. Failure to consider different vessel characteristics in tanker incident 
frequencies  

18. Reliance on subjective judgments to assess tanker spill risk in the study 
area 

Not  
Met 

Reliability 
Appropriate analytical methods 
explicitly describe and evaluate 
sources of uncertainty and 
variability that affect risk, and 
estimate the magnitudes of 
uncertainties and their effects on 
estimates of risk by completing 
sensitivity analysis 

19. Lack of confidence intervals to communicate uncertainty and variability 
in spill risk estimates for tanker, terminal, and pipeline operations 

20. Failure to complete a sensitivity analysis that effectively evaluates 
uncertainty associated with spill risk estimates 

21. Failure to state limitations and provide qualifications in the analysis 

Not  
Met 
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Criterion Major Deficiency Result 

Validity 
Independent third-party experts 
review and validate findings of 
the risk analysis to ensure 
credibility, quality, and integrity 
of the analysis 

22. Inadequate expert review and validation of spill risk estimates for 
tanker, terminal, and pipeline operations 

23. Experts in the review and validation of spill risk estimates lack 
independence and third-party status 

24. Failure to validate spill risk models with actual spill data 

Not  
Met 

Stakeholder Participation 
Stakeholders participate 
collaboratively throughout the 
risk assessment and determine 
acceptable levels of risk that 
assess alternative means of 
meeting project objectives 

25. Failure to successfully engage stakeholders to participate in the risk 
assessment  

26. Failure to define risk acceptability in terms of the needs, issues, and 
concerns of stakeholders potentially impacted by the project 

27. Inadequate assessment and comparison of risks associated with 
project alternatives 

Not  
Met 

Major deficiencies identified in my qualitative assessment of the risk 

assessments for tanker, terminal, and pipeline spills indicate that the information in the 

NGP regulatory application underestimates spill risk.  Key deficiencies that 

underestimate tanker spill risk include the failure to evaluate spill risk outside the 

narrowly defined BC study area, reliance on LRFP data that underreport tanker incidents 

by as much as 96%, the potential double-counting of mitigation measures that reduce 

tanker spill rates, and unsupported subjective scaling factors that adjust tanker incident 

rates downward.  Further, risk assessors assume that all mitigation measures are 

effective and omit any risk factor associated with implementing mitigation measures 

despite the questionable enforcement and monitoring record of the NEB (CESD 2011, p. 

10) and Enbridge’s poor response time to control the 20,000 bbl spill in Marshall, 

Michigan in 2010 (NTSB 2012).  Although each deficiency represents a potential 

increase in spill risk, the aggregate effect of these deficiencies on spill risk is unknown. 

Deficiencies identified in my assessment show that the NGP regulatory 

application does not provide decision-makers with the best available information to 

assess whether the project meets the CEAA 2012 criterion for likelihood of significant 

adverse environmental effects.  First, the risk results in the NGP regulatory application 

express spill likelihood as return periods rather than the probability of a spill over the 

operating life of the project.  FEARO (1994, p. 193), TC (2001, p. 3-14), and the Scope 

of Factors (CEA Agency 2009b, p. 13) all instruct the proponent to calculate spill 

likelihood as a probability of occurrence, which provides a more accurate perception of 

risk than other formats (NRC 2007; Cuite et al. 2008; Budescu et al. 2009).  In addition, 
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FEARO (1994, p. 190) emphasizes the importance of estimating the likelihood of 

adverse environmental effects over the life of a proposed undertaking.  ENGP also 

presents separate spill return periods for individual components of the project instead of 

providing decision-makers with an overall risk profile for the entire project necessary for 

applying the CEAA 2012 decision criterion.  Second, federal regulators define the scope 

of the NGP as the shipping routes within the 12 nm limit of the Territorial Sea of Canada 

(NEB and MoE 2012, p. 11) even though section 5 of the CEAA 2012 requires the 

consideration of environmental effects that would occur outside Canada.  This limited 

scope significantly underestimates spill risk and prohibits the JR Panel from determining 

the likelihood of significant adverse environmental effects of the NGP outside Canada as 

required under the CEAA 2012.  For these reasons, the JR Panel cannot confidently 

conclude whether the NGP is likely to cause significant adverse environmental effects 

under CEAA 2012 since the NGP application fails to provide a clear and credible 

estimate of spill risk.   

Furthermore, the NGP regulatory application does not adequately deal with two 

important considerations: risk acceptability to stakeholders; and viable alternatives to the 

NGP that reduce risk.  The assessment of risk acceptability in the NGP application relies 

on a technical definition of risk.  Acceptable risk, however, is a value judgment that 

should be based on the risk tolerance and choices of impacted stakeholders.  

Stakeholders’ definition of acceptable risk therefore needs to be assessed and used in 

the NGP decision.  Second, ENGP does not identify or compare viable alternatives that 

could meet the stated purpose of the NGP.  There are viable alternatives to shipping 

crude oil from the WCSB to market that involve no risk from oil tanker spills and thus risk 

from tanker spills could be eliminated.  These alternatives should be evaluated relative 

to the NGP to assess the most cost effective transportation option with acceptable risk. 

As a concluding remark, I acknowledge that estimating risk is challenging due to 

the many uncertainties involved and that different assumptions and methodologies will 

produce different assessments of risk.  In risk assessment it is important to test a range 

of assumptions and methodological approaches to provide a clear and accurate 

characterization of the range of likely outcomes so that decision-makers can fully judge 

risk.  The conclusion of this assessment is that the tanker, terminal, and pipeline risk 

assessments completed for the NGP contain methodological deficiencies and therefore 
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do not provide an accurate assessment of the degree of spill risk associated with the 

NGP.  

7.7. Limitations 

There are several limitations to my evaluation of the ENGP assessment of spill 

risk.  First, the good practices for risk assessment were not designed with a specific 

context in mind and are intended to be applicable to a variety of different types of risk 

assessment processes.  However, good practices often depend to some degree on the 

context from which they were developed and the context to which they are applied 

(Vesely 2011; Joseph 2013).  I develop good practices from literature covering a broad 

range of different types of risk assessment and I subsequently use these good practices 

to evaluate a range of risk assessments (i.e. risk assessments for tanker, terminal, and 

pipeline spills, as well as human health risk assessment) and a range of methodologies 

used in the risk assessments (i.e. QRA, SQRA, expert judgment, and simple risk 

analyses that estimate historical incident frequencies to predict future risks).  Thus, the 

broad context from which I develop good practices is appropriate to the context in which 

I apply good practices in my evaluation of the NGP application.  Second, the relationship 

between quality outputs of a risk assessment and decision-making is unknown.  There is 

little empirical information in best practice research on the causal relationship between 

practices and favourable outcomes (Vesely 2011), although in theory decision-makers 

should make a more informed decision given better quality information.  Third, my 

evaluation focuses on the one potential impact of the NGP most likely to cause 

significant adverse environmental effects: an oil spill.  However, there are many impacts 

of the NGP that should be assessed to determine if they cause significant adverse 

environmental effects and the information on, and analysis of, these effects in the NGP 

application should also be evaluated.  Fourth, my evaluation relies primarily on the main 

documents in the NGP regulatory application containing information directly related to 

spill risks and I do not evaluate every document in the public registry related to spill risk 

such as responses to information requests or public hearing transcripts.  Fifth, I evaluate 

only one component of risk and omit an explicit analysis of any deficiencies associated 

with the magnitude of effects.  However, the significant deficiencies in the assessment of 

spill probability in the NGP regulatory application suggest that ENGP does not 
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accurately present the level of spill risk associated with the NGP.  Logically if one 

component in the risk equation is deficient, (i.e. probability) it is likely that the risk results 

are unreliable.  
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8. Application of Oil Spill Risk Analysis Model to 
the Northern Gateway Project 

8.1. Introduction 

The US government developed a model that it uses to evaluate oil spill risk for 

US oil and gas exploration and development.  The OSRA model was developed in 1975 

by the US Department of the Interior and is a well-established methodology that the US 

government uses to estimate oil spill occurrence probabilities for platform, pipeline, and 

tanker spills, as well as the chances of spills detrimentally impacting environmental 

resources (Smith et al. 1982).  Although there is no legislative requirement to use the 

OSRA model, concerns related to oil spill prevention and contingency planning following 

implementation of the Oil Pollution Act of 1990 (U.S. Public Law 101-380, August 18, 

1990) have created a broad sustained interest in estimating oil spill probabilities 

(Anderson and LaBelle 2000).  The Bureau of Ocean Energy Management, formerly the 

Minerals Management Service, examines commercial oil and gas development on the 

Outer Continental Shelf adjacent to the US with the OSRA model (Price et al. 2003).  

The Bureau of Ocean Energy Management uses the OSRA model to prepare 

environmental documents pursuant to the National Environmental Policy Act, as well as 

for environmental assessments and consultations for endangered species and fish 

habitat.  The Bureau of Safety and Environmental Enforcement, and other federal and 

state government agencies including the US Fish and Wildlife Service, the National 

Marine Fisheries Service, and the US Coast Guard also use the OSRA model for oil spill 

planning and preparedness (Price et al. 2003; Anderson et al. 2012).   Further, industry 

uses the OSRA model in the preparation of oil spill contingency plans (Anderson et al. 

2012).  

The OSRA model has been used in several specific applications for the Outer US 

Continental Shelf.  The Bureau of Ocean Energy Management typically prepares an 

environmental impact statement for offshore lease areas and a component of the 
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environmental impact statement is an evaluation of potential oil spill risk over the life of 

the projects under consideration (Anderson and LaBelle 1990).  The US federal 

government used the OSRA model to examine spill probabilities associated with the 

development of offshore resources in the Beaufort Sea in northern Alaska (US DOI 

1997), Cook Inlet in southern Alaska (US DOI 2003), and the Gulf of Mexico (US DOI 

2002; 2007a), and examined development on the Pacific Outer Continental Shelf off the 

coast of California (US DOI 2000b), oil and gas development on the Eastern Gulf of 

Mexico Outer Continental Shelf (US DOI 1998), and other development and exploration 

activities in the Beaufort Sea (US DOI 2000a; 2007b).  The US government continues to 

use the OSRA model in US offshore leasing areas.  Given the widespread use and 

acceptance of the US OSRA model, and deficiencies identified here in the spill risk 

assessment in the NGP application, it is useful to apply the OSRA model to the NGP. 

8.2. Methods and Data 

The methodological approach in this chapter follows three major steps.  First I 

describe the OSRA model and the data that the model relies on.  Second, I estimate 

tanker and pipeline spill probabilities for the NGP using the OSRA model and data from 

the NGP regulatory application.  Third, I evaluate my application of the OSRA model to 

the NGP with good practices for risk assessment identified in section 7.4, compare the 

results of my evaluation of the model with the results of my evaluation of risk 

assessment methods in the NGP application in Chapter 7, and discuss the similarities 

and differences of the different approaches to risk assessment.  

8.3. Overview of the Oil Spill Risk Analysis Model 

The OSRA model consists of three main components: (1) probability of spills 

occurring; (2) trajectory simulation of spills; and (3) combined spill probabilities and 

trajectory simulations (Smith et al. 1982).  The probability assessment developed by the 

US Department of the Interior uses a per-volume methodology that relies on historical 

spill occurrences for platform, pipeline, and tanker operations and volume of oil handled.  

A fundamental component of this forecasting method is defining an appropriate 
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exposure variable, which is a quantity related to the production or transportation of oil 

that has a statistical relationship to spill occurrence (Smith et al. 1982).  Smith et al. 

(1982) assert that spill occurrence estimates “depend fundamentally on the estimated 

amount of oil to be produced” (p. 20) and recommend volume as the key variable due to 

the variable’s simplicity and predictability.  Similarly Lanfear and Amstutz (1983) suggest 

that the volume of oil handled is “… the most practical exposure variable for predicting 

oil spill occurrences as a Poisson process” (p. 359).  More recently, Anderson et al. 

(2012) and Anderson and LaBelle (2000) support Smith et al. (1982) and Lanfear and 

Amstutz (1983) in the recommendation of volume as the exposure variable in the OSRA 

because it satisfies two important criteria: (a) volume is easy to define; and (b) volume is 

a quantity that can be estimated based on historical volumes of oil handled.   

The OSRA assumes that spills occur independently of each other as a Poisson 

process57.  Spill occurrence conforms to a Poisson process for three reasons: (1) no spill 

can occur when the volume of oil produced or transported is equal to zero; (2) the record 

shows that spill events are independent of each other over time and volume in that the 

number of spills does not depend on the previous number of spills; and (3) the number 

of events in any interval are Poisson distributed and this process has stationary 

increments (Anderson and LaBelle 2000; Anderson et al. 2012).  Smith et al. (1982) 

describe the probability (P) of a specific number of spills (n) in the course of handling t 

barrels where λ is the rate of spill occurrence:  

 

The above formula bases the rate at which spills occur (λ), which is typically 

expressed as the mean number of spills per billion barrels (Bbbl) of oil handled, on 

historic spill occurrence data per volume of oil produced/transported (Anderson and 
 
57  Smith et al. (1982) recognize that this assumption can be questioned particularly in the case 

that safety standards are improved after a particular spill (e.g. introduction of double hull 
tankers).  However, Smith et al. acknowledge that there is sufficient evidence that a Poisson 
process provides a reasonable approximation for spill occurrence (Stewart and Kennedy 
1978 as cited in Smith et al. 1982). 
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LaBelle 2000; Anderson et al. 2012).  The same formula in Error! Reference source 
not found. is used for tanker and pipeline transportation although a different λ is 

calculated for each type of transport and each class of spill.  The Bureau of Safety and 

Environmental Enforcement collects tanker spill data from the US Coast Guard and from 

international sources, and manages a database that provides spill rate data for tanker 

spills that occur at sea and in port (Anderson et al. 2012).  Tanker spill rates are also 

based on data from the US Department of Commerce, the US Army Corps of Engineers, 

and British Petroleum’s Statistical Review of World Energy (Anderson et al. 2012).  

Anderson and LaBelle (2000) and Anderson et al. (2012) estimate tanker spill rates for 

spills ≥ 1,000 bbl (159 m3) since the authors submit that spills of this size are more likely 

to be reported compared to smaller spills and the historical data are considered more 

comprehensive than data for spills less than 1,000 bbl.  Anderson and LaBelle (2000) 

estimate spill rates for pipeline systems in Alaska with historical data from the Minerals 

Management Service and the State of Alaska.  Spill rates developed by Anderson et al. 

(2012) and Anderson and LaBelle (1990; 1994; 2000) have been regularly updated and 

improved to reflect changes in spill rates over time. 

8.4. Spill Risk Estimates for NGP Tanker Operations 

I estimate spill probabilities for oil and condensate spills for NGP tanker 

operations based on the OSRA model58.  The approach to estimating spill probabilities 

with the OSRA model includes four main steps: 

1.  Obtain historical spill rate data for the type of transportation, type of 
location, and general magnitude of spill; 

 
58  According to Anderson et al. (2012), spill rates for tanker incidents in international waters and 

Valdez, Alaska represent crude oil tanker spills.  I use crude oil tanker spill rates to 
approximate condensate tanker spill rates because the condensate-carrying vessels are 
similar to vessels carrying crude oil and specific incident data for condensate tankers are 
insufficient.  This approach is consistent with that used by Brandsæter and Hoffman (2010) in 
the NGP regulatory application.   
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2.  Estimate the volume of oil and condensate handled for three time 
periods (annual, 30 years, and 50 years); 

3.  Calculate spill probabilities with the OSRA model in Equation 1 based 
on data from steps (1) and (2); and 

4.  Complete a sensitivity analysis to examine the effect of changes in 
inputs to spill probabilities. 

Anderson et al. (2012) provide the most recent historical spill rate data for use in 

the OSRA model for international tanker spills and spills from tankers transporting 

Alaska North Slope crude oil.  Spill rates determined by Anderson et al. (2012) range 

from 0.32 to 0.84 spills per Bbbl for tanker spills ≥ 1,000 bbl (159 m3) and range from 

0.11 to 0.42 spills per Bbbl for spills ≥ 10,000 bbl (1,590 m3) (Table 8.1).  International 

spill rates for the largest spill size category identified by Anderson et al. (2012) range 

between 0.03 and 0.17 for spills ≥ 100,000 bbl (15,900 m3).  I ran my calculations with 

several of these spill rates, which I discuss in more detail below.  Anderson et al. (2012) 

suggest that regulatory changes in the 1990s requiring double hull tankers are the likely 

cause of continued declines in tanker spills over time.   

Table 8.1. Oil Tanker Spill Rates in International and Alaskan Waters 

Spill Size Source Data Time Period Number of 
Spills 

Volume Transported 
(Bbbl) 

Spill Rate           
(per Bbbl) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 303 359.9 0.84 

1994-2008 59 185.8 0.32 

Valdez, Alaska 
1977-2008 11 15.3 0.72 

1989-2008 4 8.7 0.46 

Range of Spill Rates (per Bbbl) 0.32 – 0.84 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 151 359.9 0.42 

1994-2008 20 185.8 0.11 

Valdez, Alaska 
1977-2008 3 15.3 0.20 

1989-2008 1 8.7 0.12 

Range of Spill Rates (per Bbbl) 0.11 – 0.42 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 62 359.9 0.17 

1994-2008 6 185.8 0.03 

Range of Spill Rates (per Bbbl) 0.03 – 0.17 

Source: Anderson et al. (2012).   
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In the second step, I estimate the volume of oil and condensate to be transported 

by NGP tanker traffic on an annual basis and over the 30- and 50-year life of the project.  

The amount of crude oil potentially shipped out of Kitimat Terminal is equal to pipeline 

capacity of 525 kbpd, which equates to approximately 191.6 million bbl per year.  The 

volume of condensate is equal to a pipeline capacity of 193 kbpd, or 70.4 million bbl per 

year.  Over a 30-year and 50- year operating period, a volume of 525 kbpd represents 

over 5.7 Bbbl and 9.6 Bbbl, respectively, of oil transported by tankers.  The volume of 

condensate throughput over a 30-year and 50-year period is 2.1 and 3.5 Bbbl, 

respectively.  These oil and condensate volumes represent the baseline throughput 

capacities in the NGP regulatory application.  

In the third step, I use spill rates for tanker spills and the volume of oil and 

condensate transported by NGP tanker traffic as inputs to the OSRA model (Error! 
Reference source not found.) and estimate spill probabilities.  My application of the 

OSRA model uses the following four spill occurrence rates from Anderson et al. (2012) 

to provide a range of tanker spill probability estimates for the NGP:  

•   Spills in international waters between 1974 and 2008, which represent the 
entire record of worldwide tanker spills from the Bureau of Ocean Energy 
Management database;  

•   Spills in international waters between 1994 and 2008, which represent 
worldwide spills from modern tanker operations in the last 15 years of the 
Bureau of Ocean Energy Management database; 

•   Spills associated with shipments departing Valdez, Alaska between 1977 and 
2008, which represent the entire record of tanker spills transporting Alaska 
North Slope crude oil; and 

•   Spills associated with shipments departing Valdez, Alaska between 1989 and 
2008 that represent the last 20 years of modern tanker traffic transporting 
Alaskan crude oil.  

In the fourth step, I complete a sensitivity analysis for the OSRA model by 

increasing the volume of oil and condensate transported by tankers according to the 

expansion capacity scenario outlined by ENGP in its response to an information request 

(ENGP 2011c).  According to ENGP, the NGP could expand oil throughput from 525 

kbpd to 850 kbpd and expand condensate throughput from 193 kbpd to 275 kbpd, which 

would increase total oil and condensate throughput to 1,125 kbpd.  On an annual basis, 

the expansion scenario would increase oil throughput to 310.2 million bbl per year and 
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condensate throughput to 100.4 million bbl per year.  Over 30 and 50 years, oil 

throughput would increase to 9.3 and 15.5 Bbbl per year, respectively, while condensate 

throughput would increase to 3.0 and 5.0 Bbbl per year, respectively. 

8.4.1. Annual Spill Risk 

Annual oil spill probabilities for NGP tanker operations range from 5.9% to 14.9% 

for oil spills ≥ 1,000 bbl (Table 8.2).  Combined annual spill probabilities for an oil or 

condensate spill ≥ 1,000 bbl are between 8.0% and 19.8%.  Annual probabilities for 

larger NGP oil/condensate tanker spills range between 2.8% and 10.4% for spills ≥ 

10,000 bbl, and between 0.8% and 4.4% for spills ≥ 100,000 bbl.  The lower probabilities 

are based on the 1994 to 2008 international data and given improvements in safety, 

these lower probabilities are likely more indicative of future spill rates.  

Table 8.2. Annual NGP Tanker Spill Probabilities for Baseline Capacity (718 
kbpd) 

Spill Size Source Data Time Period 
Spill Probability per Year (%) 

Oil (525 kbpd) Condensate (193 kbpd) Combined (718 kbpd) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 14.9 5.7 19.8 

1994-2008 5.9 2.2 8.0 

Valdez, Alaska 
1977-2008 12.9 4.9 17.2 

1989-2008 8.4 3.2 11.4 

Range  5.9 – 14.9 2.2 – 5.7 8.0 – 19.8 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 7.7 2.9 10.4 

1994-2008 2.1 0.8 2.8 

Valdez, Alaska 
1977-2008 3.8 1.4 5.1 

1989-2008 2.3 0.8 3.1 

Range 2.1 – 7.7 0.8 – 2.9 2.8 – 10.4 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 3.2 1.2 4.4 

1994-2008 0.6 0.2 0.8 

Range 0.6 – 3.2 0.2 – 1.2 0.8 – 4.4 

Source: Computed from Anderson et al. (2012).   

If the NGP expands to its anticipated throughput capacity of 850 kbpd of oil and 

275 kbpd of condensate, the OSRA model estimates a combined annual spill probability 
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of between 12.3% and 29.2% per year for an oil or condensate tanker spill ≥ 1,000 bbl 

(Table 8.3).  The probability for an oil or condensate spill ≥ 10,000 bbl is 4.4% to 15.8% 

and 1.2% to 6.7% for spills ≥ 100,000 bbl. 

Table 8.3. Annual NGP Tanker Spill Probabilities for Expansion Capacity (1,125 
kbpd) 

Spill Size Source Data Time Period 
Spill Probability per Year (%) 

Oil (850 kbpd) Condensate (275 kbpd) Combined (1,125 kbpd) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 22.9 8.1 29.2 

1994-2008 9.5 3.2 12.3 

Valdez, Alaska 
1977-2008 20.0 7.0 25.6 

1989-2008 13.3 4.5 17.2 

Range  9.5 – 22.9 3.2 – 8.1 12.3 – 29.2 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 12.2 4.1 15.8 

1994-2008 3.4 1.1 4.4 

Valdez, Alaska 
1977-2008 6.0 2.0 7.9 

1989-2008 3.7 1.2 4.8 

Range 3.4 – 12.2 1.1 – 4.1 4.4 – 15.8 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 5.1 1.7 6.7 

1994-2008 0.9 0.3 1.2 

Range 0.9 – 5.1 0.3 – 1.7 1.2 – 6.7 

Source: Computed from Anderson et al. (2012).   

8.4.2. Spill Risk Over a 30-Year Period 

Probabilities for NGP tanker spills are high over a 30-year period at baseline 

throughput capacities (Table 8.4).  According to the OSRA model, the probability of an 

oil tanker spill ranges from 84.1% to 99.2% for oil spills ≥ 1,000 bbl, and combined spill 

probability increases to between 91.9% and 99.9% for an oil or condensate spill ≥ 1,000 

bbl.  Probabilities for larger NGP oil/condensate tanker spills range between 57.9% and 

96.3% for spills ≥ 10,000 bbl, and between 21.0% and 73.7% for spills ≥ 100,000 bbl 

over a 30-year period.  
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Table 8.4. NGP Tanker Spill Probabilities Over 30 Years for Baseline Capacity 
(718 kbpd) 

Spill Size Source Data Time Period 
Spill Probability Over 30 Years (%) 

Oil (525 kbpd) Condensate (193 kbpd) Combined (718 kbpd) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 99.2 83.1 99.9 

1994-2008 84.1 49.1 91.9 

Valdez, Alaska 
1977-2008 98.4 78.2 99.7 

1989-2008 92.9 62.2 97.3 

Range  84.1 – 99.2 49.1 – 83.1 91.9 – 99.9 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 91.1 58.8 96.3 

1994-2008 46.9 20.7 57.9 

Valdez, Alaska 
1977-2008 68.3 34.5 79.2 

1989-2008 49.8 22.4 61.1 

Range 46.9 – 91.1 20.7 – 58.8 57.9 – 96.3 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 62.4 30.2 73.7 

1994-2008 15.8 6.1 21.0 

Range 15.8 – 62.4 6.1 – 30.2 21.0 – 73.7 

Source: Computed from Anderson et al. (2012).   

The OSRA model estimates a minimum probability of 98.1% for an oil or 

condensate spill ≥ 1,000 bbl at higher throughput capacities of 850 kbpd of oil and 275 

kbpd of condensate over a 30-year period (Table 8.5).  The probability for an 

oil/condensate spill ≥ 10,000 bbl is between 74.2% and 99.4% in a 30-year period 

suggesting a spill of this size is likely to occur over the life of the NGP if the project 

operates at its proposed capacity. 
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Table 8.5. NGP Tanker Spill Probabilities Over 30 Years for Expansion 
Capacity (1,125 kbpd) 

Spill Size Source Data Time Period 
Spill Probability Over 30 Years (%) 

Oil (850 kbpd) Condensate (275 kbpd) Combined (1,125 kbpd) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 99.9 92.0 99.9 

1994-2008 94.9 61.8 98.1 

Valdez, Alaska 
1977-2008 99.9 88.6 99.9 

1989-2008 98.6 75.0 99.7 

Range  94.9 – 99.9 61.8 – 92.0 98.1 – 99.9 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 98.0 71.8 99.4 

1994-2008 64.1 28.2 74.2 

Valdez, Alaska 
1977-2008 84.5 45.2 91.5 

1989-2008 67.3 30.3 77.2 

Range 64.1 – 98.0 28.2 – 71.8 74.2 – 99.4 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 79.4 40.1 87.7 

1994-2008 24.4 8.6 30.9 

Range 24.4 – 79.4 8.6 – 40.1 30.9 – 87.7 

Source: Computed from Anderson et al. (2012).   

8.4.3. Spill Risk Over a 50-Year Period 

Over a 50-year operating period, the minimum probability for an oil spill ≥ 1,000 

bbl is 95.3%, which increases to a combined probability of 98.5% for an oil or 

condensate tanker spill (Table 8.6).  The respective combined probabilities for 

oil/condensate spills ≥ 10,000 bbl and ≥ 100,000 bbl is 76.3% to 99.6% and 32.5% to 

89.2%.  As stated previously, the lower probabilities are based on the 1994 to 2008 

international data and given improvements in safety, these lower probabilities are likely 

more indicative of future spill rates than spill data from 1974 to 2008. 
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Table 8.6. NGP Tanker Spill Probabilities Over 50 Years for Baseline Capacity 
(718 kbpd) 

Spill Size Source Data Time Period 
Spill Probability Over 50 Years (%) 

Oil (525 kbpd) Condensate (193 kbpd) Combined (718 kbpd) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 99.9 94.8 99.9 

1994-2008 95.3 67.6 98.5 

Valdez, Alaska 
1977-2008 99.9 92.1 99.9 

1989-2008 98.8 80.2 99.8 

Range  95.3 – 99.9 67.6 – 94.8 98.5 – 99.9 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 98.2 77.2 99.6 

1994-2008 65.1 32.1 76.3 

Valdez, Alaska 
1977-2008 85.3 50.6 92.7 

1989-2008 68.3 34.5 79.2 

Range 65.1 – 98.2 32.1 – 77.2 76.3 – 99.6 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 80.4 45.1 89.2 

1994-2008 25.0 10.0 32.5 

Range 25.0 – 80.4 10.0 – 45.1 32.5 – 89.2 

Source: Computed from Anderson et al. (2012).   

Combined spill probabilities for an NGP oil/condensate tanker spill increase 

substantially over a 50-year operating period at higher throughput capacities (Table 8.7).  

Indeed, the OSRA model estimates there is at least an 89.5% chance that an 

oil/condensate spill ≥ 10,000 bbl could occur over the life of the project.  For larger spills, 

The OSRA model estimates there is at least a 46.0% chance that an oil/condensate spill 

nearly half the size of the Exxon Valdez oil spill of 41,000 m3 could occur within a 50-

year period of the NGP operating at higher throughput capacities. 
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Table 8.7. NGP Tanker Spill Probabilities Over 50 Years for Expansion 
Capacity (1,125 kbpd) 

Spill Size Source Data Time Period 
Spill Probability Over 50 Years (%) 

Oil (850 kbpd) Condensate (275 kbpd) Combined (1,125 kbpd) 

≥ 1,000 bbl 
(≥ 159 m3) 

International 
1974-2008 99.9 98.5 99.9 

1994-2008 99.3 79.9 99.9 

Valdez, Alaska 
1977-2008 99.9 97.3 99.9 

1989-2008 99.9 90.1 99.9 

Range  99.3 – 99.9 79.9 – 98.5 99.9 

≥ 10,000 bbl 
(≥ 1,590 m3) 

International 
1974-2008 99.9 87.9 99.9 

1994-2008 81.8 42.4 89.5 

Valdez, Alaska 
1977-2008 95.5 63.3 98.4 

1989-2008 84.5 45.2 91.5 

Range 81.8 – 99.9 42.4 – 87.9 89.5 – 99.9 

≥ 100,000 bbl 
(≥ 15,900 m3) 

International 
1974-2008 92.8 57.4 97.0 

1994-2008 37.2 14.0 46.0 

Range 37.2 – 92.8 14.0 – 57.4 46.0 – 97.0 

Source: Computed from Anderson et al. (2012).   

There are several limitations to applying the OSRA model to estimate tanker 

spills for the NGP.  The principal limitation relates to the model’s reliance on historical 

data to estimate future tanker spill rates.  There have been improvements in safety that 

resulted in a reduction in tanker spill rates over time (Anderson and LaBelle 2000; 

Anderson et al. 2012) and thus historical rates may not accurately reflect future risk.  

Tanker spill rates in the future could continue to decline as a result of further mitigation 

measures and regulatory requirements, could remain static due to diminishing returns 

from previous regulatory and technological improvements, or could increase as a result 

of potential future deregulation or an aging tanker fleet.  I do not attempt to predict future 

changes in average tanker spill rates over the operational life of the NGP.  Second, 

average historical data may not reflect the unique characteristics of the project 

environment that may affect risk such as unusual hazards or special mitigation 

measures.  I attempt to mitigate this weakness by using tanker spill data from Alaska, 

which may increase the likelihood that data more accurately reflect the unique risks of 

the Pacific coastal region.  Furthermore, Alaska data for the 1989 to 2008 period 
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includes mitigation measures similar to those proposed for the NGP such as escort tugs.  

Third, Anderson et al. (2012) do not estimate confidence intervals for tanker spill rates.  

Although Anderson and LaBelle (2000) determine 95% confidence intervals for spill 

rates, the recent update by Anderson et al. (2012) only provides the mean estimate for 

spill rates.  I attempt to address this issue by providing a range of spill probabilities 

based on different average spill occurrence rates. 

8.5. Spill Risk Estimates for NGP Pipeline Operations 

8.5.1. Spill Risk Over a 30- and 50-Year Period 

The approach to estimating pipeline spill probabilities with the OSRA model is the 

same as that used to estimate probabilities for tanker spills.  In the first step, I obtain spill 

rates from Anderson and LaBelle (2000) based on historical pipeline throughput data for 

the Trans-Alaska Pipeline System and onshore Alaska North Slope crude oil production 

(Table 8.8).  Between 1977 and 1998, six spills ≥ 500 bbl (80 m3) and five spills ≥ 1,000 

bbl (159 m3) occurred from the Trans-Alaska Pipeline System with total throughput of 

nearly 12.5 Bbbl, resulting in a spill rate of 0.48 and 0.40, respectively, for every Bbbl 

moved.  A single spill ≥ 500 bbl (80 m3) associated with the Trans-Alaska Pipeline 

System occurred between 1985 and 1998 with total pipeline throughput of 8.6 Bbbl thus 

producing a spill rate of 0.12 per Bbbl moved.  Anderson and LaBelle (2000) also 

determine that a single Alaskan North Slope crude oil and condensate spill ≥ 500 bbl 

occurred from onshore pipelines between 1985 and 1998, yielding a spill rate similar to 

the Trans-Alaska Pipeline System rate of 0.12 spills for every Bbbl transported.   
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Table 8.8. Spill Rates for Pipeline Spills in Alaska from Anderson and LaBelle 
(2000) 

Spill Size Source Data Time Period Number of 
Spills 

Spill Rate       
(per Bbbl) 

≥ 500 bbl       
(80 m3) 

Trans-Alaska Pipeline System 
1977-1998 6 0.48 
1985-1998 1 0.12 

Alaska North Slope 1985-1998 1 0.12 

≥ 1,000 bbl  
(159 m3) 

Trans-Alaska Pipeline System 
1977-1998 5 0.40 
1985-1998 0 - 

Alaska North Slope 1985-1998 0 - 
Source: Anderson and LaBelle (2000). 

In the second step, I estimate the volume of oil and condensate transported by 

the NGP over an operating period of 30 to 50 years.  Since pipeline spill rates from 

Anderson and LaBelle (2000) represent oil and condensate, I assume pipeline 

throughput of 718 kbpd for the NGP based on oil pipeline volume of 525 kbpd and 

condensate volume of 193 kbpd.  Combined oil and condensate throughput represents 

7.9 Bbbl over 30 years and 13.1 Bbbl over 50 years.  I also complete a sensitivity 

analysis examining the effects of increasing capacity to 1,125 kbpd (850 kbpd of oil and 

275 kbpd of condensate), which equates to approximately 12.3 Bbbl over 30 years and 

20.5 Bbbl over 50 years.  

In the third step, I use the following spill occurrence rates from Anderson and 

LaBelle (2000) to estimate a range of probabilities for NGP pipeline spills:  

•   Spills ≥ 500 bbl and ≥ 1,000 bbl from the Trans-Alaska Pipeline System 
between 1977 and 1998, which represent the entire record of pipeline spills 
from the Bureau of Ocean Energy Management database; and  

•   Spills ≥ 500 bbl from the Trans-Alaska Pipeline System and Alaska North 
Slope pipelines between 1985 and 1998, which represent the most recent 
record of pipeline spills provided by the Bureau of Ocean Energy 
Management.  

I input the spill rates for pipeline spills and the volume of oil and condensate 

transported by the NGP pipeline in Equation 1 to estimate probabilities for NGP pipeline 

spills (Table 8.9).  Over a 30-year operating period at planned throughput capacity, the 
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probability of an NGP pipeline spill ≥ 500 bbl ranges between 61.1% and 97.7% and the 

probability increases to between 79.2% and 99.8% over a 50-year operating period.  The 

probability of a spill ≥ 1,000 bbl ranges from 95.7% to 99.5% over a 30- and 50-year 

period. 

Table 8.9. Pipeline Spill Probabilities based on OSRA Model (30 and 50 Years) 

Spill Size Source Data Time Period 30-Year Spill 
Probability (%) 

50-Year Spill 
Probability (%) 

≥ 500 bbl       
(80 m3) 

Trans-Alaska Pipeline System 1977-1998 97.7 99.8 
Trans-Alaska Pipeline System / 
Alaska North Slope 1985-1998 61.1 79.2 

Range 61.1 – 97.7 79.2 – 99.8 
≥ 1,000 bbl       
(159 m3) Trans-Alaska Pipeline System 1977-1998 95.7 99.5 

Source: Computed from Anderson and LaBelle (2000). 

The sensitivity analysis examines changes in spill probabilities if the volume of oil 

transported by the pipeline increases 62% to 850 kbpd and the volume of condensate 

increases 42% to 275 kbpd, as proposed by ENGP (2011c) in its expansion scenario.  

Over 30- and 50-year operating periods, the minimum likelihood of a spill ≥ 500 bbl 

increases to 77.2% and 91.5%, respectively, when pipeline throughput increases to 

1,125 kbpd (Table 8.10).  For a spill ≥ 1,000 bbl, spill probability ranges between 99.3% 

and 99.9% over a 30- and 50-year period. 

Table 8.10. Sensitivity Analysis for Pipeline Spill Probabilities at Higher 
Capacities (30 and 50 Years) 

Spill Size Source Data Time Period 30-Year Spill 
Probability (%) 

50-Year Spill 
Probability (%) 

≥ 500 bbl       
(80 m3) 

Trans-Alaska Pipeline System 1977-1998 99.7 99.9 
Trans-Alaska Pipeline System / 
Alaska North Slope 1985-1998 77.2 91.5 

Range 77.2 – 99.7 91.5 – 99.9 
≥ 1,000 bbl       
(159 m3) Trans-Alaska Pipeline System 1977-1998 99.3 99.9 

Source: Computed from Anderson and LaBelle (2000). 
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The application of the OSRA model with spill rates from pipeline spills in Alaska 

to the NGP pipeline system has several limitations.  First, it assumes that historical 

pipeline spill data from Alaska are appropriate to estimate future oil and condensate 

spills for NGP pipelines, which may have higher or lower risks due to different 

technological, safety, and regulatory standards.  However, available historical spill data 

from Enbridge’s own liquids pipeline system does not indicate improvements in pipeline 

safety between 1998 and 2010 (see section 7.5.6) and thus there is no rationale for 

incorporating an adjustment factor into the OSRA model that reduces future spill rates.  

Another limitation is that the OSRA pipeline data only include spill categories ≥ 500 bbl 

and ≥ 1,000 bbl, and therefore exclude a large proportion of smaller spills less than 500 

bbl that may cause environmental, economic, and sociocultural damage.  A third 

limitation is the lack of confidence intervals for pipeline spills from Anderson and LaBelle 

(2000).      

8.6. Summary  

The summary of probabilities for NGP tanker and pipeline spills estimated with 

the OSRA model shows that oil/condensate spill probabilities for the NGP are high over 

30- and 50-year operating periods (Table 8.11).  The OSRA model estimates that the 

minimum probability for a tanker spill ≥ 1,000 bbl over the 30- and 50-year life of the 

NGP is 91.9% and 98.5%, respectively.  For spills ≥ 10,000 bbl, the minimum probability 

for a spill over the life of the NGP is 57.9%, which increases to 76.3% when the NGP 

operates over a 50-year period.  Further, spill probabilities over the life of the project 

increase significantly when the NGP operates at higher throughput capacities.  The 

overall spill probability for the entire NGP ranges between 96.8% and 99.9% over the life 

of the project59.  Thus, the OSRA model estimates that there is a very high likelihood 

 
59  I estimate overall spill probabilities for the NGP based on: (1) oil/condensate spill probabilities 

for tanker spills ≥ 1,000 bbl; and (2) oil/condensate spill probabilities for pipeline spills ≥ 500 
bbl. 
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that either a tanker spill ≥ 1,000 bbl or a pipeline spill ≥ 500 bbl could occur during NGP 

operations. 

Table 8.11. Summary of Tanker and Pipeline Oil/Condensate Spill Probabilities 
for the NGP 

Type and Spill Size 
30-Year Spill Probability (%) 50-Year Spill Probability (%) 

Baseline Capacity 
(718 kbpd) 

Expansion Capacity 
(1,125 kbpd) 

Baseline Capacity 
(718 kbpd) 

Expansion Capacity 
(1,125 kbpd) 

Tanker Spill ≥ 1,000 bbl  91.9 – 99.9 98.1 – 99.9 98.5 – 99.9 99.9 

Tanker Spill ≥ 10,000 bbl 57.9 – 96.3 74.2 – 99.4 76.3 – 99.6 89.5 – 99.9 

Tanker Spill ≥ 100,000 bbl 21.0 – 73.7 30.9 – 87.7 32.5 – 89.2 46.0 – 97.0 

Pipeline Spill ≥ 500 bbl 61.1 – 97.7 77.2 – 99.7 79.2 – 99.8 91.5 – 99.9 

Pipeline Spill ≥ 1,000 bbl 95.7 99.3 99.5 99.9 

Tanker or Pipeline Spill 96.8 – 99.9 99.6 – 99.9 99.7 – 99.9 99.9 

Note: Combined tanker and pipeline spill calculated based on the following spill probabilities: (1) 
oil/condensate spill probabilities for tanker spills ≥ 1,000 bbl; and (2) oil/condensate spill probabilities for 
pipeline spills ≥ 500 bbl.   

8.7. Evaluation of OSRA Model with Good Practice Criteria 
for Risk Assessment 

Similar to the evaluation of methods used to estimate spill risk in the NGP 

regulatory application, I evaluate my application of the OSRA method to the NGP with 

good practices for risk assessment (Table 7.1).  Strengths and weaknesses of the OSRA 

model identified in this section are due to the methodology of the model as well as my 

specific application of the model to the NGP.  Thus in the evaluation I differentiate 

between the OSRA method in general and the OSRA method as I apply it to the NGP.  I 

categorize any deficiencies identified in the assessment as minor or major whereby 

major deficiencies in the risk assessment are considered to have a material effect 

influencing the quality of information that decision-makers use to make a decision.  I 

qualitatively assess each criterion according to the four-point scale: 

•   Fully met: no deficiencies; 

•   Largely met: no major deficiencies; 

•   Partially met: one major deficiency; and 
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•   Not met: two or more major deficiencies. 

8.7.1. Transparency 

Criterion: Documentation fully and effectively discloses supporting evidence, 
assumptions, data gaps and limitations, as well as uncertainty in data and 
assumptions, and their resulting potential implications to risk. 

The open nature of the OSRA model allows an analyst to transparently document 

the application of the method.  In my application of the OSRA model to the NGP, I 

clearly summarize and provide supporting evidence for tanker and pipeline spill rates 

determined by Anderson et al. (2012) and Anderson and LaBelle (2000), volumes for oil 

and condensate over the operating life of the NGP, and increases in the volume of 

hydrocarbons handled in the sensitivity analysis with reference to ENGP’s phased 

expansion that could increase the amount of oil handled from 525 kbpd to 850 kbpd and 

the amount of condensate handled from 193 kbpd to 275 kbpd (ENGP 2011c).  

Furthermore, I transparently identify weaknesses of the OSRA model applied to the 

NGP, which consist of the model’s usage of historical data, data from a different, albeit 

similar geographical area, and the model’s limited availability of confidence intervals.  I 

note that the level of transparency used by an analyst applying the OSRA model to a 

particular case study will differ.   

Evaluation: There are no major deficiencies related to the transparency criterion and 

thus this criterion is fully met. 

8.7.2. Reproducibility 

Criterion: Documentation provides sufficient information to allow individuals 
other than those who did the original analysis to obtain similar results. 

Due to its parsimonious methodology, replicating the OSRA methodology is 

straightforward.  The model requires two major inputs: (1) the volume of oil handled; and 

(2) the spill rate based on historical spill occurrence data for various classes of spills.  

Consistent with the methodology, I estimate volume data in my application of the OSRA 

model to the NGP according to the planned volume of hydrocarbons transported in the 

regulatory application for the project.  Anderson and LaBelle (2000) and Anderson et al. 

(2012) provide historical spill rates and both studies disclose proprietary data required to 

replicate historical spill rates for international tanker spills and tanker spills in US waters.  
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Smith et al. (1982) provide a detailed description of how to calculate spill probabilities as 

a Poisson process for fixed classes of spills with volume of oil handled as the exposure 

variable.  Therefore, even if an analyst applying the OSRA model does not provide a 

summary of historical spill rate data, this data is publicly available from Anderson and 

LaBelle (2000) and Anderson et al. (2012). 

Evaluation: There are no major deficiencies related to the reproducibility criterion and 

thus this criterion is fully met. 

8.7.3. Clarity 

Criterion: Risk estimates are easy to understand and effectively communicate the 
nature and magnitude of the risk in a manner that is complete, informative, and 
useful in decision-making. 

The OSRA method estimates spills as probabilities of occurrence over the life of 

a project.  Probabilities represent various classes of tanker spills at port and at sea 

including smaller spills that, according to the US DOI (2003), can have significant 

adverse environmental effects (i.e. spills ≥ 1,000 bbl or ≥ 159 m3).  Further, the volume 

parameter in the model permits an estimate of spill likelihood based on the volume 

transported over a period of time of the analyst’s choosing.  In my application of the 

OSRA method to the NGP, I estimate the volume of oil and condensate transported by 

NGP tankers over a 30- and 50-year period.  I also combine probability estimates for 

NGP tanker and pipeline spills into a single value in order to demonstrate the capability 

of the OSRA model to effectively communicate overall spill risk for a project.  I note that 

whether spill likelihoods for different project components are combined will depend on 

the analyst applying the OSRA model to a particular case study.   
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Evaluation: There are no major deficiencies related to the clarity criterion and thus this 

criterion is fully met. 

8.7.4. Reasonableness 

Criterion: The analytical approach ensures quality, integrity, and objectivity, and 
meets high scientific standards in terms of analytical methods, data, assumptions, 
logic, and judgment. 

The one major deficiency in the OSRA method related to reasonableness is the 

model’s reliance on average historical spill rates:   

1. Historical spill data may not represent operating conditions identical to the NGP 
tanker and pipeline operations 

Several factors suggest that historical spill rate data from Anderson and LaBelle 

(2000) and Anderson et al. (2012) may not exactly match the unique characteristics of 

the NGP in my application of the OSRA model.  First, average historical tanker spill data 

from Anderson et al. (2012), which shows a reduction in spill frequency over time as a 

likely result of regulatory changes requiring double hull tankers, may not reflect future 

NGP tanker operations.  Future tanker operations for the NGP could include improved 

safety and technological measures such as escort tug operations, enhanced navigation 

systems, different tanker characteristics and types, and different regulatory standards 

that further reduce tanker spill rates over the operational life of the project.  However, the 

increasing age of the tanker fleet may offset such safety improvements.  A recent study 

from Eliopoulou et al. (2011) determines that non-accidental structural failure incident 

rates are higher for large double-hull tankers (i.e. VLCCs) over the age of 15 years 

compared to younger tankers less than 15 years.  Thus historical spill rate data may 

underestimate future spill rates for particular incident types such as non-accidental 

structural failures.  Indeed these types of accidents may become more prevalent after 

2020 as tankers age (Papanikolaou et al. 2009).  I avoid any assumptions or speculation 

about such changes in future tanker spill rates in my application of the OSRA model to 

the NGP.   

Second, historical spill data from the Trans-Alaska Pipeline System and Alaska 

North Slope crude oil transportation systems may not represent spill rate data from the 
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Enbridge Liquids Pipeline System.  A comprehensive comparison of both pipeline 

systems is required to determine whether spill rates from the Alaska system are 

representative of the Enbridge system.  This comparison should include an evaluation of 

spill frequencies of the different pipeline systems, the technologies of pipelines within 

each system, their operating characteristics, as well as safety and regulatory 

requirements in each jurisdiction.  I have not undertaken this comparison, although I 

note that Enbridge’s pipeline spill performance has not improved over the last decade 

(Figure 7.2). 

Third, historical spill data in the OSRA model may not reflect unique 

characteristics of the NGP project environment that could affect risk.  International spill 

rate data from Anderson et al. (2012) based on average tanker operations reflect a 

range of different operating conditions, weather conditions, and maintenance programs, 

and thus these data may not represent tanker traffic associated with the NGP that would 

operate in a region containing potential hazards related to manoeuvrability, visibility, and 

meteorological and oceanographic conditions.  Similarly, historical spill rate data from 

the Trans-Alaska Pipeline System and Alaska North Slope crude oil transportation 

systems may not reflect the conditions of ecologically sensitive regions that potentially 

present unique terrain and climactic conditions for the NGP oil and condensate pipeline.  

I do not attempt to adjust spill rate data from Anderson and LaBelle (2000) or Anderson 

et al. (2012) for any of the aforementioned characteristics unique to NGP tanker, 

terminal, and pipeline operations.  Although I acknowledge potential weaknesses 

associated with the use of historical data in the OSRA model to estimate spill likelihood 

for the NGP, I note that the OSRA method has been accepted in US courts when it has 

been challenged (LaBelle 2012). 
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Evaluation: There is one major deficiency related to the reasonableness criterion and 

thus this criterion is partially met. 

8.7.5. Reliability 

Criterion: Appropriate analytical methods explicitly describe and evaluate sources 
of uncertainty and variability that affect risk, and estimate the magnitudes of 
uncertainties and their effects on estimates of risk by completing sensitivity 
analysis. 

The OSRA model allows the analyst to complete a sensitivity analysis on the key 

input variables.  In the application of the OSRA model to the NGP, I test the magnitude 

of uncertainties with a sensitivity analysis of the two input parameters to the model.  The 

sensitivity analysis examines the effects of an increase in volume of oil handled, and I 

use various spill rates based on different historical data to provide a range of estimates 

for spill probability.  However, there is one major deficiency related to the reliability 

criterion: 

1. Incomplete inventory of confidence intervals for spill rates calculated based on 
historical spill data 

Anderson and LaBelle (2000) and Anderson et al. (2012) do not provide a 

comprehensive inventory of confidence intervals for spill rates in the OSRA model.  The 

most recent spill rate data updated by Anderson et al. (2012) express spill rates as the 

mean number of spills per Bbbl but omit confidence levels for tanker spills at port and at 

sea.  Although an earlier study from Anderson and LaBelle (2000) calculates confidence 

intervals for tanker spill rates for spills ≥1,000 bbl, the authors do not determine 

confidence intervals for any tanker spills ≥10,000 bbl, including spills in international 

waters and spills from the transportation of Alaska North Slope crude oil.  Furthermore, 

Anderson and LaBelle (2000) do not provide confidence intervals for pipeline spill rates 

calculated based on historical data for the Trans-Alaska Pipeline System and crude 

oil/condensate spills associated with onshore Alaska North Slope crude oil production.  I 

note, however, than an analyst applying the OSRA model to a particular case study 

could calculate confidence intervals based on historical spill data used in the model. 
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Evaluation: There is one major deficiency related to the reliability criterion and thus this 

criterion is partially met. 

8.7.6. Validity 

Criterion: Independent third-party experts review and validate findings of the risk 
analysis to ensure credibility, quality, and integrity of the analysis. 

The OSRA model was developed in 1975 by the US Department of the Interior 

(Smith et al. 1982) and the methodology has undergone independent peer-review on 

numerous occasions since its development.  In addition to the recent study from 

Anderson et al. (2012) estimating oil spill occurrence, spill rate assumptions for the 

OSRA model have been independently peer-reviewed on four separate occasions (US 

BOEM undated).  Three previous studies by Anderson and LaBelle (1990; 1994; 2000) 

examine occurrence rates used in the analysis of accidental oil spills on the US Outer 

Continental Shelf.  Further, a study by Lanfear and Amstutz (1983) examining 

cumulative frequency distributions of oil spills determines that volume of oil handled is 

the most practical exposure variable for estimating oil spill probabilities.  I acknowledge 

that, although US BOEM (undated) refers to “independently peer-reviewed papers”, 

authors that undertook the reviews (i.e. Anderson, LaBelle, Lanfear, and Amstutz) are 

affiliated with the Bureau of Ocean Energy Management (formerly the Minerals 

Management Service) of the US Department of the Interior.  However, three reviews (i.e. 

Anderson and LaBelle 1990; 1994; 2000) were published in academic journals and were 

subject to a blind peer review process prior to publication.  

To ensure the validity of my application of the OSRA model to the NGP, I 

submitted the findings of this report to Robert P. LaBelle, Science Advisor with the 

Bureau of Ocean Energy Management in the US Department of the Interior.  Mr. LaBelle 

is an expert in offshore energy exploration and development and has been working with 

the OSRA model since as early as 1985.  Prior to his role as Science Advisor, Mr. 

LaBelle was the acting Deputy Director for the Bureau of Safety and Environmental 

Enforcement and was the Associate Director for Offshore Energy at the Bureau of 

Ocean Energy Management, Regulation and Enforcement.  Mr. LaBelle independently 

verified my application of the OSRA model to the NGP and validated the results.  I 
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acknowledge that validation of a risk analysis will depend on the analyst undertaking the 

study. 

Evaluation: There are no major deficiencies related to the validity criterion and thus this 

criterion is fully met. 

8.7.7. Stakeholder Participation 

Criterion: Stakeholders participate collaboratively throughout the risk assessment 
and determine acceptable levels of risk that assess alternative means of meeting 
project objectives. 

Determining levels of risk acceptability is an exercise that must take place in the 

context of a larger planning process.  Any discussion of risk acceptability depends on the 

planning or regulatory review process and the active involvement of stakeholders in that 

process.  I avoid any speculation on how the OSRA model would affect a discussion 

around risk acceptability in the NGP regulatory review process.  I also avoid any 

comparison of historical cases where the OSRA may have been an input to a decision-

making process where risk acceptability is discussed, since the outcome provides little 

insight on risk acceptability in the NGP regulatory review process.  Thus, risk 

acceptability cannot be determined in the absence of a participatory planning process in 

which tolerable levels of risk are discussed among stakeholders.  

Evaluation: The criterion for stakeholder participation cannot be assessed for my 

application of the OSRA model. 

8.8. Discussion 

The evaluation of the OSRA model with good practices for risk assessment 

shows that my application of the methodology to the NGP incorporates most of the good 

practices (Table 8.12).  Four of the seven good practice criteria for risk assessment have 

no major deficiencies and thus are fully met.  The analysis reveals a total of two major 

deficiencies in the application of the OSRA model to estimate spill risk for NGP tanker 

and pipeline spills.  Indeed, the two criteria of reasonableness and reliability were only 
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partially met.  The criterion for stakeholder participation is not applicable since defining 

risk acceptability must occur in the context of a planning or project review process.   

Table 8.12. Results for the Qualitative Assessment of the OSRA Model 

Criterion Major Deficiency Result 

Transparency 
Documentation fully and effectively discloses supporting evidence, 
assumptions, data gaps and limitations, as well as uncertainty in data 
and assumptions, and their resulting potential implications to risk 

No major deficiencies 
Fully  
Met 

Reproducibility 
Documentation provides sufficient information to allow individuals 
other than those who did the original analysis to obtain similar results 

No major deficiencies 
Fully  
Met 

Clarity 
Risk estimates are easy to understand and effectively communicate 
the nature and magnitude of the risk in a manner that is complete, 
informative, and useful in decision-making 

No major deficiencies 
Fully  
Met 

Reasonableness  
The analytical approach ensures quality, integrity, and objectivity, and 
meets high scientific standards in terms of analytical methods, data, 
assumptions, logic, and judgment 

1. Historical spill data may not 
represent operating conditions 
identical to the NGP tanker and 
pipeline operations 

Partially  
Met 

Reliability 
Appropriate analytical methods explicitly describe and evaluate 
sources of uncertainty and variability that affect risk, and estimate the 
magnitudes of uncertainties and their effects on estimates of risk by 
completing sensitivity analysis 

2. Incomplete inventory of 
confidence intervals for spill rates 
calculated based on historical spill 
data 

Partially 
Met 

Validity 
Independent third-party experts review and validate findings of the 
risk analysis to ensure credibility, quality, and integrity of the analysis 

No major deficiencies 
Fully  
Met 

Stakeholder Participation 
Stakeholders participate collaboratively throughout the risk 
assessment and determine acceptable levels of risk that assess 
alternative means of meeting project objectives 

Risk acceptability cannot be 
determined in the absence of a 
participatory planning process in 
which levels of risk are discussed 
among stakeholders 

n/a 

8.8.1. Comparison with Spill Risk Estimates in the NGP Regulatory 
Application 

There are major differences between the methods estimating spill risk in the NGP 

regulatory application and the OSRA model (Table 8.13).  First, Brandsæter and 

Hoffman (2010) estimate spill risk in the Marine Shipping QRA based on the number of 

spills per distance travelled by tankers whereas the OSRA model uses a different 

methodology based on the volume of hydrocarbons transported.  Thus for tanker spills, 
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Brandsæter and Hoffman (2010) estimate spill risk for only the BC portion of the tanker 

trip while the OSRA model estimates spill risk for the entire tanker voyage.  Second, the 

NGP application uses different datasets than the OSRA model for tanker and pipeline 

spills and these different datasets represent different spill size categories.  Any 

comparison between spill risk estimates from the NGP regulatory application and my 

estimates for the NGP based on the OSRA model should consider the disparate spill 

size categories unique to each methodology.  Third, the different methodologies require 

different data inputs in order to estimate spill risk.  The methodology for estimating 

tanker spill risk in the NGP application uses six major data inputs, whereas the OSRA 

model is a much simpler methodology that relies on two inputs.  Fourth, the two 

methodologies produce different outputs that communicate very different perceptions of 

spill risk.  The NGP regulatory application presents return periods for tanker and pipeline 

spills that represent the amount of time between spill events, whereas the OSRA model 

presents the probability of a spill occurring over the operational life of the project.  

However, I acknowledge that spill return periods in the NGP application can be 

converted to probabilities and thus presenting return periods is a flaw in the clarity of 

how risk results are communicated by ENGP (section 7.5.3).   
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Table 8.13. Comparison of Methodologies Estimating Spill Risk 

Criterion NGP Application OSRA Model 

Method 
• Tanker: Spills per tanker voyage 
• Terminal: Spills per tanker operation 
• Pipeline: Spills per km of pipe 

• Tanker/Pipeline: Spills per volume of 
hydrocarbon transported 

Source Data 
• Tanker/Terminal: LRFP data, DNV data 
• Pipeline: NEB data, US PHMSA data, 

data from recently constructed pipelines 

• Tanker: US Bureau of Safety and 
Environmental Enforcement database 

• Pipeline: State of Alaska data 

Spill Size 
Categories 

• Tanker: 
o Any size spill 
o Spills > 5,000 m3 (> 31,500 bbl) 
o Spills > 20,000 m3 (> 125,800 bbl) 
o Spills > 40,000 m3 (> 251,600 bbl) 

• Terminal: Spills < 1,000 m3 (< 6,300 bbl) 
• Pipeline: Leaks and ruptures (see note) 

• Tanker:  
o Spills ≥ 1,000 bbl (≥ 159 m3) 
o Spills ≥ 10,000 bbl (≥ 1,590 m3) 
o Spills ≥ 100,000 bbl (≥ 15,900 m3) 

• Pipeline  
o Spills ≥ 500 bbl (≥ 80 m3) 
o Spills ≥ 1,000 bbl (≥ 159 m3) 

Major Data 
Inputs 

• Tanker/Terminal: (1) Incident frequencies; 
(2) Local scaling factors; (3) Conditional 
probabilities; (4) Route distance; (5) 
Tanker distribution; (6) Mitigation 
measures 

• Pipeline: (1) Spill frequencies; (2) Pipeline 
length; (3) Improvement factors 

• Tanker/Pipeline: (1) Spill rates; (2) 
Volume of hydrocarbon handled 

Risk Outputs • Unmitigated and mitigated return periods • Probabilities over the life of the project 
Note: Average size oil or condensate pipeline leak is 94 m3, average size oil pipeline rupture is 2,238 m3 
and average size condensate rupture is 823 m3 (WorleyParsons 2012).  US PHMSA is an acronym for the 
United States Pipeline and Hazardous Materials Safety Administration.  

 Tanker spill risk estimated in the NGP regulatory application is compared with 

tanker spill risk estimated using the OSRA model in Figure 8.1.  The Marine Shipping 

QRA in the NGP application estimates that an oil or condensate tanker spill of any size 

could occur every 78 to 250 years.  Since return periods in the NGP application estimate 

the amount of time between spills and not the chance of a spill over the life of the 

project, I convert return periods to spill probabilities and estimate that the probability of 

an oil/condensate tanker spill of any size occurring during 50 years of operation is at 

least 18.2%.  Comparatively, my analysis with the OSRA model estimates that an oil or 

condensate tanker spill ≥ 1,000 bbl has a 98.5% to 99.9% chance of occurring over a 

50-year operating period, which is well above ENGP’s estimate of 18.2%.  The lower 
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estimate of 98.5% is likely a better indication of future spill risk due to mitigation 

measures.  

Figure 8.1. Comparison of NGP Tanker Spill Risk over a 50-Year Period 

 

The NGP application and the OSRA model estimate a high likelihood that there 

could be a spill from the NGP over its operating life (Table 8.14).  Based on the NGP 

application the overall spill probability, that is the chance of a tanker, terminal, or pipeline 

spill, is 99.9% over the 30- or 50- year life of the project.  These probabilities represent 

about one spill every two years.  My application of the OSRA model to the NGP 

estimates that a tanker or pipeline spill has a 96.8% to 99.9% chance of occurring over 

the 30-year life of the project.  Over a 50-year project life, I estimate the probability of a 

tanker or pipeline spill from the NGP at 99.7% to 99.9%.  These probabilities estimated 

with the OSRA model represent one tanker or pipeline spill from the NGP every three to 

nine years.  Note that any comparison of the overall return periods and spill probabilities 

in Table 8.14 must consider the different spill size categories for each method. 

  



 

255 

Table 8.14. Comparison of Return Periods and Spill Probabilities for the NGP 

Method Size and Type of Spill Return Period           
(in years) 

Spill Probability (%) 
30 Years 50 Years 

NGP 
Application 

Tanker any size spill 78 – 250 11.3 – 32.1 18.2 – 47.5 
Tanker oil spill > 31,500 bbl 200 – 550 5.3 – 14.0 8.7 – 22.2 
Terminal any size spill 29 – 62 38.6 – 65.1 55.6 – 82.7 
Pipeline leak (594 bbl) 2 99.9 99.9 
Overall NGP spill 2 99.9 99.9 

OSRA   
Model 

Tanker spill ≥ 1,000 bbl 5 – 12 91.9 – 99.9 98.5 – 99.9 
Tanker spill ≥ 10,000 bbl 10 – 35 57.9 – 96.3 76.3 – 99.6 
Tanker spill ≥ 100,000 bbl 23 – 128 21.0 – 73.7 32.5 – 89.2 
Pipeline spill ≥ 500 bbl 8 – 32 61.1 – 97.7 79.2 – 99.8 
Overall NGP spill 3 – 9 96.8 – 99.9 99.7 – 99.9 

Source: Computed from Anderson and LaBelle (2000); Brandsaeter and Hoffman (2010); Anderson et al. 
(2012); WorleyParsons (2012).  Note: Range of spill estimates from NGP application represents unmitigated 
and mitigated spill data with the exception of pipeline spills.  Spill estimates represent oil or condensate 
leaks with the exception of spills exceeding 31,500 bbl that represent only oil spills.  Overall spill probability 
estimated from NGP application based on spill probabilities for any size tanker spill, any size terminal spill, 
and pipeline leaks.  Overall spill probability for NGP estimated with OSRA model based on spill probabilities 
for tanker spills ≥ 1,000 bbl and pipeline spills ≥ 500 bbl. 

The evaluative framework of good practice criteria for risk assessment addresses 

the challenges associated with comparing spill risk estimates from the fundamentally 

different methodologies in the NGP regulatory application and the OSRA model.  Results 

of the qualitative assessment with good practices provide insight on the relative 

strengths and weaknesses of the methodologies used in the NGP application and the 

OSRA model (Table 8.15).  As demonstrated in Chapter 7, the underlying methodologies 

for estimating spill risk in the NGP regulatory application contain major deficiencies that 

include a lack of transparency for several key data inputs that reduce spill risk, a failure 

to communicate risk as the probability of a spill over the life of the project, no 

consideration of risks from the project that might occur outside the study area, a lack of 

independent expert review of main findings, and a failure to define acceptable levels of 

risk in terms of stakeholder values.  These deficiencies suggest that the NGP regulatory 

application does not provide decision-makers with the best available information to 
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assess whether the project meets the CEAA 2012 criterion for likelihood of significant 

adverse environmental effects 

In contrast, the qualitative assessment suggests that the OSRA model as it was 

applied to the NGP in this chapter meets more of the good practices criteria than the 

NGP application, which is partly attributable to the parsimonious approach of the OSRA 

model.  An analyst using the OSRA model can present spill risk as probability of 

occurrence over life of the project, which is consistent with guidance documents from 

federal regulators (FEARO 1994, p. 193; TC 2001, p. 3-14; CEA Agency 2009b, p. 13).  

Further, spill risk estimates for different project components can be easily combined to 

provide an overall risk profile for the entire project inclusive of spills from tanker and 

pipeline operations.  The OSRA model also considers tanker spills outside Canada 

consistent with section 5 of the CEAA 2012 since the methodology for estimating tanker 

spill risk uses a per-volume approach rather than the distance-based method used in the 

Marine Shipping QRA that only examines tanker spills within the territorial waters of 

Canada.  Therefore, the OSRA model provides decision-makers with appropriate 

information to consider the likelihood of significant adverse environmental effects under 

the CEAA 2012. 

Table 8.15. Comparison of Methodologies Estimating Spill Risk 

Good Practice Criterion 
for Risk Assessment 

NGP Application OSRA Model 
Major 

Deficiencies 
Qualitative 

Assessment 
Major 

Deficiencies 
Qualitative 

Assessment 
Transparency 6 Not Met 0 Fully Met 
Reproducibility 5 Not Met 0 Fully Met 
Clarity 4 Not Met 0 Fully Met 
Reasonableness 5 Not Met 1 Partially Met 
Reliability 2 Not Met 1 Partially Met 
Validity 2 Not Met 0 Fully Met 
Stakeholder Participation 3 Not Met n/a n/a 
Total 27 - 2 - 

In summary, both methods have strengths and weaknesses and without further 

analysis I am unable to confirm which method provides a more accurate estimate of spill 
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risk for the NGP.  However, the qualitative assessment with good practices for risk 

assessment shows that the OSRA model satisfies CEAA 2012 decision criteria whereas 

risk analyses in the NGP application fail to provide decision makers with the necessary 

information required to accurately assess the likelihood of significant adverse 

environmental effects from a spill.  Notwithstanding the differences in methodologies, 

both the OSRA model and NGP risk analysis determine that a spill from the NGP of a 

size that could result in significant environmental impacts is likely to occur. 

Given the widespread use and credibility of the OSRA model, it is surprising that 

ENGP makes no reference to it in its regulatory application for the NGP.  The failure to 

at least consider other credible models in evaluating spill risk is another major deficiency 

in the NGP risk assessments.  As the comparative analysis of results shows, the choice 

of the risk assessment method has a large effect on spill risk estimates and on the 

determination of whether the project is likely to cause significant adverse environmental 

effects. 
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9. Multiple Account Benefit-Cost Analysis of the 
Northern Gateway Project 

9.1. Introduction 

The NEBA (R.S.C. 1985, c. N-7, s. 52) requires decision-makers to determine 

whether a proposed project is in the public interest.  Currently there is no methodology 

prescribed by the NEB to make this determination and therefore the methodologies used 

are at the discretion of the applicant.  As my evaluation of the NGP application shows, 

the methodologies used to determine the public interest do not provide a comprehensive 

assessment of costs and benefits and do not provide a comparison of costs and benefits 

suitable for trade-off analysis as required by the NEBA.  Further, the NGP application 

omits any discussion related to whether any significant adverse environmental effects 

that the designated project is likely to cause are justified in the circumstances under the 

CEAA 2012.  Therefore, there is a need for specification of a methodology by the NEB to 

better assess the public interest and assist decision makers in their assessment of 

project applications to determine whether impacts are justified in the circumstances. 

The purpose of this chapter is to describe MABCA and apply it to inform the 

public interest and environmental impacts of the NGP and assess the method’s utility as 

an evaluation tool for pipeline applications.  In the next section of this chapter I provide 

an overview of MABCA in order to provide a theoretical context for this particular 

methodological approach.  In the third section I complete a base case analysis for the 

NGP, and in the fourth section I conduct a distributional impact analysis that evaluates 

the NGP from the perspective of stakeholder groups potentially impacted by the project.  

In the fifth section I evaluate MABCA methodology with evaluative criteria for project 

approval under the JRP for major pipeline projects (Table 2.3) after which I discuss the 

results of the evaluation.  To conclude this chapter I discuss the limitations of my 

approach. 
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9.2. Overview of Multiple Account Benefit-Cost Analysis 

MABCA is an evaluative framework for assessing the costs and benefits of a 

project.  Originally developed by the US Water Resources Council and further developed 

by the Department of Fisheries and Oceans Canada and BC Crown Corporations 

Secretariat, the MABCA evaluative framework is based on the theoretical foundation of 

CBA and multiple account evaluation methodology (USWRC 1983; CCS 1993; Shaffer 

2010).  In this section I discuss the theory of CBA and how MABCA builds on the CBA 

methodology.  

CBA is a widely accepted project evaluation method used in many jurisdictions 

(Pearce et al. 2006; Zerbe and Bellas 2006; Shaffer 2010; Boardman et al. 2011).  The 

objective of CBA is to identify all positive and negative impacts of a project and 

aggregate these impacts to determine the net benefit or loss to society.  CBA uses a 

social welfare function that measures individual preferences in monetary terms and 

aggregates the welfare of all individuals in a particular region or country to represent the 

collective preferences of society (Pearce et al. 2006).  In theory the results of the CBA 

represent societal preferences inclusive of individuals involved in policymaking as well 

as those individuals affected by the project that are not engaged in regulatory or political 

processes (Shaffer 2014).  

CBA provides an analytical framework for measuring the efficient allocation of 

scarce resources.  Investment in a project requires diverting resources such as labour 

and capital that could be used to produce other goods and services that have value to 

society (Campbell and Brown 2003; Boardman et al. 2011).  CBA measures labour and 

capital in terms of the value of goods and services that these scarce resources would 

produce in their best alternative use (Pearce et al. 2006; Shaffer 2010; Boardman et al. 

2011).  Consequently, analysts use CBA to inform decision-makers about the relative 

efficiency of alternative courses of action by comparing the value of goods and services 

created by the allocation of scarce resources in each alternative (Boardman et al. 2011).  

This measure of value differs significantly from other commonly used project evaluation 

methods such as EconIA that measure value in terms of gross benefits without 

considering the opportunity cost of labour and capital. 
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The concept of Pareto efficiency provides the theoretical foundation of CBA and 

distinguishes it from other project evaluation methods (Boardman et al. 2011).  A project 

achieves Pareto efficiency if the allocation of goods makes at least one person better off 

with no one worse off.  In practice however, projects typically have winners and losers 

that often result in at least one person who is worse off (Shaffer 2010).  Thus, a potential 

Pareto efficiency, or Kaldor-Hicks criterion, provides a more realistic and useful basis 

underlying the practice of CBA (Shaffer 2010; Boardman et al. 2011).  A project is 

Kaldor-Hicks efficient if the winners could fully compensate the losers and still be better 

off.  This does not mean that the winners must actually compensate the losers if the 

project generates a net benefit, only that the losers could theoretically be compensated 

(Shaffer 2010; Boardman et al. 2011).  

There are several steps in performing CBA: (1) identify project alternatives; (2) 

determine who has standing (i.e. whose benefits and costs are included in the analysis); 

(3) identify potential impacts; (4) estimate impacts quantitatively over project life; (5) 

monetize costs and benefits; (6) discount costs and benefits to determine their present 

values; (7) calculate NPV; (8) perform sensitivity analysis; and (9) make a 

recommendation (Boardman et al. 2011).  CBA measures the NPV of the project to 

society based on the following equation (Pearce et al. 2006; Boardman et al. 2011; 

Joseph 2013): 

 

where B represents benefits, C represents costs, s is the social discount rate, t is the 

year, and n represents the number of years in the project life.  Market prices provide a 

measure of WTP for goods and services traded in efficient markets when observed 

prices represent the social value of benefits and costs (TBCS 2007; Boardman et al. 

2011).  If existing market prices do not reflect social values, such as in the case of public 

goods, externalities, imperfect competition, or other market distortions such as taxes and 

subsidies, shadow pricing can be used to adjust observed prices in an attempt to 

incorporate costs or benefits omitted from the price (Boardman et al. 2011; Shaffer 

2014).  Goods and services not priced in a market such as those provided by an 
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ecosystem can be estimated with valuation methodologies such as revealed preference, 

contingent valuation, or benefit transfer and incorporated into a CBA. 

The theory of CBA has several limitations.  First, CBA omits values for which 

there is no monetary measure (Shaffer 2010; Boardman et al. 2011).  The lack of 

monetary values may compel analysts using CBA to assign dollar values to goods and 

services for which some individuals feel are inappropriate to measure monetarily or 

simply do not exist.  Second, the single bottom line measure of the overall net benefit 

conceals important information on the distributional impacts of the project (Shaffer 

2010).  Third, although potential Pareto efficiency underlies CBA, compensation by 

winners to losers need not actually be paid (Pearce et al. 2006; Shaffer 2010; Boardman 

et al. 2011).  Fourth, disagreements exist among CBA practitioners over which discount 

rate to use (Portney 2002; Pearce et al. 2006; Boardman et al. 2010; Boardman et al. 

2011).  Fifth, CBA ignores the distribution of income and inherently assumes that a dollar 

has the same value to all individual members of society (i.e. equal and constant marginal 

utility of income) although this could be addressed with income-weighted benefits and 

costs (Portney 2002; Pearce et al. 2006; Zerbe and Bellas 2006; Shaffer 2014).  Sixth, 

CBA aggregates individual preferences to estimate costs and benefits to society 

although individuals may make different choices as a private citizen compared to a 

public citizen (Zerbe and Bellas 2006).  Seventh, CBA results often imply a best 

alternative according to some decision rule although the role of CBA is to inform 

decision-makers, not make a decision (Zerbe and Bellas 2006; Shaffer 2010).  An eighth 

limitation of CBA theory is the concept of incommensurability in that some individuals 

feel that environmental values cannot be measured in a single, monetary metric and 

thus these individuals may not be willing to give up environmental values for private or 

public goals and objectives (Rutherford et al. 1998). 

MABCA builds on the theory of CBA and addresses some of the limitations of the 

method by incorporating impacts that cannot be valued monetarily into a comprehensive 

evaluative framework.  The evaluative framework incorporates a multiple account 

approach that disaggregates traditional CBA into evaluation accounts, systematically 

and separately documenting the economic, environmental, social, and other costs and 

benefits arising from a project (Shaffer 2010).  For some impacts, the measure of value 

is consistent with traditional CBA that estimates the WTP for benefits and the willingness 
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to accept (WTA) compensation for costs.  For impacts that are too difficult to monetize, 

such as non-market social and environmental effects, MABCA uses quantitative or 

qualitative measures that indicate the importance of these impacts to affected individuals 

(Shaffer 2010).  MABCA presents the analysis in a matrix summary of the monetary and 

non-monetary consequences of a project that identifies key trade-offs that must be made 

to acquire the benefits, or incur the costs, of different projects being compared and 

informs decision-makers of the relative advantages and disadvantages of various project 

alternatives (Shaffer 2010). 

9.3. Base Case Analysis 

The principal benefits in a MABCA of the NGP arise from transporting WCSB oil 

to different markets and the principal costs are the capital and operating costs of 

transporting the oil plus environmental and socioeconomic costs.  I assess these 

benefits and costs under four accounts in the MABCA:  financial; economic activity; 

environmental; and sociocultural (Table 9.1).  The financial account contains an estimate 

of the capital and operating costs of the NGP as well as the incremental costs of excess 

pipeline capacity.  The economic activity account measures benefits and costs to 

businesses, employees, and government, whereas the environmental account estimates 

environmental externalities borne by individuals affected by the project.  The 

sociocultural account provides largely qualitative summaries of the community, cultural, 

and social externalities of the project.  The analysis assumes all Canadians have 

standing and therefore I evaluate the NGP from the perspective of Canada.  I complete 

the analysis in constant 2012 CAD unless otherwise stated. 

Table 9.1. Structure of MABCA for the NGP 

Financial Economic Activity Environmental Sociocultural 

Project Development Employment Benefits Air Pollution Conflict and Opposition 

Surplus Capacity Government Revenue Greenhouse Gases Subsistence Activities 

Oil Price Uplift  Ecosystem Goods Psychological Stress 

  Operational Oil Spills  

  Passive Use Damages  
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Sensitivity analysis is an important technique in CBA for recognizing and 

analyzing uncertainty associated with data limitations and the unpredictability of future 

events (Zerbe and Bellas 2006).  As Zerbe and Bellas (2006) note, there are two types 

of sensitivity analysis.  The first treats every input variable separately and thus examines 

the effect of changes in one input parameter independently of other variables.  The 

second approach treats variables in groups recognizing that some input parameters are 

interdependent.  For the MABCA of the NGP, I complete a sensitivity analysis using both 

techniques and examine changes to the following input parameters: discount rates; 

capital expenditures; Western Canadian crude oil supply volumes; environmental costs; 

the oil price uplift; and a longer operating period for the project.  

The base case analysis uses a social discount rate of 8%, recommended in 

benefit cost guidelines provided by the Treasury Board Secretariat of Canada for 

Canadian projects (TBCS 2007).  Previous guidelines from the Treasury Board of 

Canada Secretariat (TBCS 1976; 1998) recommend a social discount rate of 10% and 

the Treasury Board acknowledges that social discount rates can be as low as 3% in 

situations involving human health and environmental goods and services (TBCS 2007).  

Boardman et al. (2010) recommend a social opportunity cost of capital of 5% based on 

recent Canadian data and the authors suggest a social discount rate of 3.5% for projects 

that do not have intergenerational impacts (i.e. projects with a life of less than 50 

years)60.  To capture the wide range of potential discount rates, I complete sensitivity 

analyses using constant discount rates of 3%, 5%, and 10% over the life of the project.  I 

estimate project costs and benefits over a 30-year operating period although I complete 

a sensitivity analysis that extends the operating period of the NGP from 30 years to 50 

years based on the assumption that the project is likely to operate beyond 30 years if the 

pipeline capacity is required.    

 
60  To derive the social discount rate, Boardman et al. (2010) use the consumption rate of 

interest, which reflects society’s willingness to make a trade-off between future and current 
consumption, and the shadow price of capital, which recognizes a higher rate of return to 
private sector investments than the consumption rate of interest.  This methodology differs 
from the social opportunity cost of capital estimated by TBCS (2007). 
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To complete the MABCA for the NGP, I rely on information and data in the 

regulatory application submitted by ENGP, as well as evidence submitted by interveners 

and governments that was tested during cross-examination in the JRP hearings.  I also 

use information requests prepared by ENGP, interveners, government, and the JR Panel 

that contain relevant information to the NGP and the case study area.  For those 

potential costs and benefits from the NGP not estimated in the regulatory application (i.e. 

air pollution costs, passive use values) or where there are weaknesses in the 

methodological approach used to estimate impacts (i.e. oil spill costs, GHG costs), I rely 

on existing data from government and industry, peer-reviewed literature, government 

studies, and the grey literature to estimate surrogate costs and benefits.  I describe 

information and data sources and their relevance to the NGP and this analysis within 

each account. 

9.3.1. Financial Account 

The financial account measures the incremental revenues and expenditures of a 

project.  This account resembles a cash flow analysis, although it is much broader in 

scope since it must consider industry-wide impacts required to estimate incremental 

benefits and costs to the whole industry (Shaffer 2010).  In the case of the NGP, this 

account measures costs and benefits to ENGP for developing the project, as well as the 

incremental shipping costs for oil producers as a result of surplus capacity to the pipeline 

system in western Canada.  Further, the account measures any benefits that would 

accrue to users of the NGP as a result of the oil price uplift in the form of higher 

netbacks from shipping WCSB oil to Asia (as claimed by ENGP).  Since the account only 

considers market-based revenues and expenses of a project, I omit any adjustments for 

environmental and social externalities required for a full social valuation (these are 

included in other accounts).   



 

265 

9.3.1.1. Project Development 

As the project proponent, ENGP incurs capital and operating costs and receives 

revenue in the form of tolls from oil companies that ship their product on the pipelines.  

ENGP estimates that capital costs for the NGP total $7.9 billion (2012 CAD) through 

2019 (ENGP JRP 2013e), which include pre-construction costs in the form of regulatory 

costs that ENGP incurred in the JRP61, and operating costs average $341 million (2012 

CAD) per year from 2019 to 2048 (WM 2012).  To incorporate these costs into the 

MABCA model, I prorate capital and operating expenditures for the NGP based on the 

ratio of oil/condensate volume transported by the project such that these costs represent 

the oil pipeline only62.  I assume that the capital and operating costs associated with the 

condensate line would be covered by tolls set by ENGP and thus the condensate 

pipeline pays for itself63.  ENGP would pay sales, fuel, property, and income taxes as 

part of its project development costs and I assume that sales, fuel and corporate income 

tax payments cover incremental government costs to service the NGP.  Property tax 

payments, which are included in the NGP operating costs, represent a cost to ENGP 

and a benefit to government.  I discuss incremental government revenue from property 

tax payments in section 9.3.2.2.   

 
61  I include costs incurred by ENGP beginning in 2010, which is the year the section 52 

application for the NGP was submitted to the JR Panel.  This represents a starting point for 
the JR Panel's review of the project application.  I exclude costs incurred by ENGP prior to 
2010 as these represent sunk costs required to prepare the regulatory application prior to its 
submission and evaluation. 

62  The NGP is expected to transport 525 kbpd of oil and 193 kbpd of condensate and thus the 
oil shipped on the NGP would represent 73% of the capacity of both lines. Accordingly, the 
estimated capital costs for the oil pipeline are $5.8 billion and the estimated annual operating 
costs are $249 million. 

63  An alternative approach is to assume that pipeline capacity utilization and shipper’s WTP is 
the same for the condensate pipeline as for the crude oil pipeline.  This is a reasonable 
assumption since oil and condensate are interdependent products in that condensate is used 
to dilute heavy crude oil for pipeline shipment.  Based on this assumption and the other 
assumptions for estimating project costs in this section, the NPV of the NGP is ($1,074).  This 
compares with an NPV of ($800) million when capital and operating costs are prorated for the 
oil pipeline.  Therefore, in relative terms, the assumption used in the base case of this 
MABCA is conservative.  
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Due to the uncertainty associated with estimates of capital expenditures for large 

development projects, I include a sensitivity analysis of capital costs for the NGP of +/-

10%.  Major cost overruns are a common feature of major projects (Flyvberg 2007)64 

and these cost overruns occur in the Canadian oil and gas industry65.  Based on past 

experience, there is a propensity for actual construction costs to exceed forecast 

construction costs (Flyvbjerg et al. 2003; Gunton 2003) and thus the higher capital cost 

scenario is more likely to occur than the lower cost scenario.  Indeed, capital costs 

before construction of the NGP have already increased over 44% from the original cost 

estimate of $5.5 billion and costs could increase further (ENGP 2010; ENGP JRP 

2013e).  

I assume that the value of the benefits is equal to the annual toll revenues that 

shippers are willing to pay to ship crude oil on the NGP pipeline.  The analysis of the 

deficient oil price uplift assumption in Chapter 5.3.2 suggests that there are no 

quantifiable price benefits associated with shipping oil to Asia versus shipping oil to the 

US Gulf Coast.  Therefore I assume that a crude oil producer in Western Canada can 

ship oil on the NGP to a refinery in Asia or ship oil on a different pipeline system to a 

refinery in the US Gulf Coast.  To estimate tolls for the NGP, I begin with pipeline tolls of 

$8.70 per bbl from CAPP (2013, p. 39) that represent the WTP of shippers to ship oil 

from Hardisty, AB to a refinery in the US Gulf Coast.  Since shippers on the NGP line 
 
64  Flyvbjerg (2007) identifies several transportation infrastructure megaprojects that 

experienced considerably higher costs than originally forecast: actual costs of Boston’s 
Central Artery/Tunnel Project were 275% higher than estimated; the Denver International 
Airport was nearly 200% over budget; and the San Francisco-Oakland Bay Bridge retrofit 
overrun was 100% higher before construction even started. 

65  The recently approved Kearl oil sands mine and the Mackenzie Gas Project are examples of 
projects that have experienced a rise in capital expenditures significantly above original 
estimates.  The 345 kbpd Kearl mine was originally estimated to cost between $5 and $8 
billion (Imperial Oil 2005), although Imperial revised its cost forecast in 2011 to $20 billion 
(Imperial Oil 2011).  Similarly, estimated capital costs for the proposed Mackenzie Gas 
Project doubled from $7.5 billion to $16.2 billion (CBC 2007) and the project is presently 
delayed on account of low natural gas prices and negotiations with government for incentives 
to reduce the cost of the project (CBC 2012a).  However, Enbridge’s Clipper expansion 
shows that cost overruns are not a certainty since the Clipper expansion is reported to have 
come in on budget (Enbridge 2011, p. 50). The Clipper expansion may not be indicative of 
building a new greenfield project such as the NGP. 
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must also pay for tanker freight costs from Kitimat to Asia of $4.88 per bbl66 (MS 2012, p. 

52), I estimate that crude oil producers would be willing to pay $3.82 per bbl to ship oil 

on the NGP line67.  I then estimate total annual benefits based on crude oil producers’ 

WTP to ship their product on the NGP pipeline and the volume of oil shipped on the 

NGP oil pipeline.  This discounted cash flow analysis of the NGP results in a net cost of 

$800 million at an 8% discount rate over the life of the project (Table 9.2).  The negative 

valuation indicates that the internal rate of return for the project is less than 8% (the rate 

of return is 6.1% in the base case). 

Table 9.2. Project Development Costs 

Project Costs 
NPV at 8% (in millions) 

Low Value Base Case High Value 
Capital and Operating Expenditures (408) (800) (1,192) 
Source: Calculated from WM (2012); CAPP (2013).  Note: Low Value = 10% lower capital costs; Base Case 
= capital costs based on oil pipeline; High Value = 10% higher capital costs. 

In addition to direct project costs associated with construction and operation of 

the project, ENGP would be responsible for spill clean up and compensation for 

damages resulting from any onshore pipeline spill.  In 2012, Enbridge proposed that it 
 
66  I use the tanker shipping rate from MS (2012) that represents the cost to ship western 

Canadian oil from Kitimat, BC to southern China.  I note that this is a conservative estimate 
for waterborne freight costs to China since MS (2012) forecasts that these rates will increase 
from $4.88 in 2018 to $5.42 in 2035.  For example, the NPV of $800 million for project costs 
in the base case increases to $921 million estimated based on the average tanker shipping 
rate to China (i.e. southern and northern China) that increases from 2018 to 2035.  Further, I 
assume that the WTP to ship on the NGP is constant over the life of the project based on tolls 
to ship WCSB oil to the US Gulf Coast.  However, I note that the estimate for WTP to ship on 
the NGP in the model would be affected by any decreases in pipeline tolls to refineries in the 
US Gulf Coast.  For example, if I were to incorporate the decrease in pipeline tolls from 
Hardisty, AB to the US Gulf Coast of $8.70 per bbl (CAPP 2013) to $7.95 per bbl (CAPP 
2014), the estimate for WTP to ship on the NGP would decrease from $3.82 to $3.07 per bbl 
after accounting for tanker shipping costs, which would result in lower annual toll revenues for 
the NGP and thus a lower NPV. 

67  Another consideration is the cost of insurance incorporated into shipping tolls to cover some 
portion of the costs of a spill.  Shippers may bear incremental insurance costs for shipping 
their product on the NGP in the event of a spill and I do not include any of these potential 
costs in the toll estimate. 
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would carry insurance coverage of $575 million to compensate for onshore oil or 

condensate spills and stated that Enbridge would be responsible for any pipeline spill 

costs that exceed this amount (WM 2012, p. 71).  The JR Panel recommended in its list 

of potential conditions for the NGP that ENGP provide a total of $950 million in cash and 

insurance coverage for clean up and compensation liabilities resulting from a spill 

(ENGP JRP 2013a, p. 34).  The federal government announced in 2013 that pipeline 

companies must have $1 billion on hand to respond to pipeline spills (NRCan 2013).  

Insurance covering onshore spills would not extend to tanker spills, the costs of which 

are covered by the domestic and international compensation scheme administered by 

the IOPCF and Ship-source Oil Pollution Fund.   

There are two approaches to incorporating spill costs in a CBA.  One approach is 

to include among projects costs the incremental insurance premiums paid by ENGP and 

other parties for insurance coverage or payments into government sponsored insurance 

funds such as the Ship-source Oil Pollution Fund (WM 2012).  Under this approach, the 

annual insurance premiums should represent an amount equal to or greater than the 

clean up and damage costs of a spill from the NGP in any given year (WM 2012).  The 

second approach requires estimating expected values that represent the amount 

required for spill clean up and compensation for environmental and socioeconomic 

damages.  Due to the lack of information on incremental insurance premiums for the 

NGP in the first approach, I use the latter approach of expected values and discuss spill 

likelihood, clean up and damage costs in the environmental account (section 9.3.3.4).  I 

note, however, that any insurance premiums, tolls or tariffs designated to cover some 

portion of a spill that are already included in the project costs would offset a portion of 

the expected spill costs in the MABCA.  

9.3.1.2. Surplus Capacity 

Whether the NGP creates surplus capacity depends on a supply and demand 

analysis of the western Canadian pipeline system.  To analyze the pipeline system in 

western Canada, I use the oil supply forecast from CAPP (2012) with adjustments for 

crude oil consumption by refineries in western Canada.  CAPP (2012) estimates a 

forecast for western Canadian Crude oil supply to 2030 that includes existing capacity 

plus incremental production from both projects under construction and anticipated 
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projects not yet started.  CAPP (2012) forecasts western Canadian crude oil supply of 

3.1 mbpd in 2012 increasing to 6.9 mbpd in 2030, which represents a 120% increase 

over a 19-year period.  However there is uncertainty in the CAPP supply forecasts as I 

discuss in Chapter 5 (section 5.3.1).  Previous CAPP forecasts made between 2000 and 

2008 for the year 2010 consistently overestimate actual 2010 production, in some cases 

by about 500 kbpd (see also ENGP 2010, Vol. 2 p. 1-4).  CAPP supply forecasts also 

exhibit a wide fluctuation depending on the year they were completed.  For example, the 

2025 supply forecast in the CAPP (2012) report is 934 kbpd higher than the 2025 

forecast in the CAPP (2011) report released a year earlier.  Furthermore, the CAPP 

(2012) forecast is higher than the 2011 NEB reference case forecast released in 

November of 2011 (NEB 2011a, p. 18).   Therefore the uncertainty in the CAPP forecast 

is a risk that should be considered although I make no modifications to the CAPP (2012) 

forecast for potential overestimates in this analysis. 

Several adjustments are required to the WCSB supply forecast from CAPP 

(2012) to estimate the demand for WCSB pipeline capacity.  First, I deduct the volume of 

oil consumed within western Canada from the oil supply estimate to derive the oil export 

volume.  CAPP estimates oil consumed in western Canada refineries at 577 kbpd in 

2011, rising to 633 kbpd in 2020 (CAPP 2012, p. 12).  CAPP does not provide forecasts 

for intra-western Canada consumption beyond 2020 so I conservatively assume no 

increase beyond 2020, which means that all future increases in oil supply can be 

exported outside western Canada.  I also adjust the CAPP intra-western Canada refinery 
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consumption estimate to reflect crude and refined product exports from Alberta that use 

export pipeline capacity exiting the WCSB68.   

Second, I adjust the WCSB supply forecast from CAPP (2012) to incorporate 

crude oil exports from the US Bakken region, which consists of parts of Montana and 

North Dakota (CAPP 2012).  Oil production in the US Bakken region increases the 

overall crude oil supply since oil from the US Bakken formation enters the Enbridge 

Mainline system.  In 2011, production in the Bakken region is slightly under 500 kbpd 

(NDMR 2011).  This region is experiencing increased oil production with forecasts 

ranging up to slightly over 1,000 kbpd by 2020, and then declining thereafter (NEB 

2011e, p. 10).  The current oil transportation capacity comprises two major pipelines 

(Butte and Enbridge North Dakota) and rail facilities.  Proposed and under construction 

rail and pipeline expansions have the potential to increase total oil transportation 

capacity to about 1,500 kbpd, which is well in excess of forecast production (Ensys 

2011, p. 48; 83).  Therefore, there is substantial competition among shippers and not all 

transportation projects are likely to proceed.  I assume that Bakken oil will continue to be 

shipped on the Enbridge North Dakota Pipeline, which connects to the Enbridge 

mainline at Clearbrook, Minnesota.  Current capacity of this pipeline is 210 kbpd (CAPP 

2012, p. 22).  Enbridge received NEB approval to expand its Bakken pipeline capacity to 

transport an additional 145 kbpd of Bakken oil connecting to its mainline by 2013 and 

TransCanada proposes to transport 100 kbpd on the Keystone pipeline (CAPP 2012).  

Based on these developments, I assume that there will be a total of 455 kbpd of Bakken 

 
68  I adjust CAPP (2012) intra-western Canada refinery consumption of 633 kbpd for the 

following crude deliveries to refineries and refined products: (1) Deduct 55 kbpd delivered to 
the Chevron refinery, and; (2) Deduct the net refined products delivered to Vancouver on the 
Kinder Morgan Trans Mountain system (net refined products on Kinder Morgan Trans 
Mountain are the total refined deliveries (46 kbpd) less the crude deliveries (11kbpd) supplied 
to the Kinder Morgan Trans Mountain system by the Pembina pipeline).  I make these 
deductions from intra-western Canada refinery consumption since these shipments use 
export pipeline capacity on the Trans Mountain pipeline.  The crude supply to the Consumers 
Cooperatives refinery and the Moose Jaw asphalt plant are included in the intra-Western 
consumption because although they take crude deliveries from the Enbridge mainline, they 
are located upstream of the proposed Cromer Bakken connection and will not displace 
forecast Bakken crude to be shipped on the Enbridge line. 
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oil transported on either the Enbridge or Keystone systems by 2015 (Table 9.3).  Bakken 

oil not transported on the Canadian export pipeline system will be consumed by the 

Tesoro refinery (58 kbpd), shipped on an expanded Butte pipeline and/or the expanding 

rail transportation systems.  

Table 9.3. Western Canadian Crude Oil Supply (kbpd) 

 2012 2015 2020 2025 2030 
CAPP Crude Oil Supply Forecast 3,139 3,890 4,946 6,179 6,870 
Less Intra-Western Canada Consumption 487 542 543 543 543 
Plus Bakken Exports on Enbridge and TransCanada 210 455 455 455 455 
Equals Net Forecast Pipeline Demand 2,862 3,803 4,858 6,091 6,782 
Source: CAPP (2011; 2012).  Note: Intra-western Canada consumption consists of deliveries to western 
Canada refineries.  

CAPP (2012) also estimates existing and forecast crude oil pipeline capacity.  

The estimates vary with the type of product moved since the capacity to move heavy oil 

is lower than lighter oil of the same volume.  Estimates of current and forecast capacity 

and the assumptions about the quantity of heavy versus light oil underlying the CAPP 

capacity estimates are summarized in Table 9.4.  Based on CAPP (2012; 2013) data, 

existing pipeline capacity for light and heavy crudes is 3,832 kbpd and proposed 

capacity of 3,575 kbpd (including NGP) could increase total western Canadian pipeline 

capacity to 7,407 kbpd if all of these proposed projects undergo construction and 

operation.  
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Table 9.4. Western Canadian Pipeline Capacity 

Pipeline (crude type) Annual Capacity (kbpd) 
Existing Capacity 3,832 

Enbridge (Light) 1,081 
Enbridge (Heavy) 1,246 
Express (35% Light/65% Heavy) 280 
Trans Mountain (80% Light/20% Heavy) 300 
Alberta Clipper – 2014 Expansion (Heavy) 120 
Keystone (25% Light/75% Heavy) 591 
Bow River, Rangeland 214 

Proposed Incremental Capacity 3,575 
Northern Gateway 525 
Alberta Clipper – Incremental Expansion 230 
Enbridge Line 9B Reversal 300 
Keystone XL 830 
Kinder Morgan Trans Mountain Expansion 590 
TransCanada Energy East 1,100 

Total Existing and Proposed 7,407 
Source: Ensys (2011); CAPP (2012; 2013); Enbridge (2012a); Kinder Morgan (undated).  Notes: Figures 
may not add due to rounding; Rangeland and Bow River are included on pipeline maps by CAPP but their 
capacity is not included in the CAPP report. Capacity for these two pipelines is provided by Ensys (2011). 

The forecast shows that existing pipeline capacity is sufficient to meet crude oil 

supply to 2015 if no new projects are constructed (Table 9.5).  According to the CAPP 

(2012) oil supply forecast, there may be a shortage of pipeline capacity by 2020, 

equivalent to 1,026 kbpd.  However, if Enbridge reverses Line 9B to add an additional 

300 kbpd, and expands Clipper by an additional 230 kbpd to its full potential of 800 

kbpd, and TransCanada builds Keystone XL to a capacity of 830 kbpd, there is potential 
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surplus capacity of 334 kbpd in 202069.  Without any additional pipeline capacity beyond 

2020 (i.e. the Kinder Morgan Trans Mountain expansion, TransCanada Energy East, or 

the NGP), there would be a pipeline capacity shortfall of approximately 104 kbpd in 

2022.  The shortfall would be 156 kbpd in 2021 under the assumption that shippers 

operate their pipelines at 95% capacity.  These forecasts indicate that there is sufficient 

pipeline capacity without NGP to meet demand until at least 2021 and building NGP as 

planned would result in surplus capacity for at least two years after the NGP would begin 

operation in 2019.  Separate analyses confirm the findings that there is sufficient pipeline 

capacity without the NGP70. 

 
69  There is a high likelihood that these pipeline capacity additions will transpire.  Risks and costs 

involved in expanding or reversing existing pipelines (i.e. reversing Enbridge Line 9B and 
expanding Enbridge Clipper to 800 kbpd) are relatively low compared to constructing new 
capacity and these projects are highly likely to proceed if additional capacity is required.  
Risks in constructing new greenfield projects like the Keystone XL are higher than 
expansions, as indicated by the deferral of a decision in 2011 to approve the Keystone XL 
pipeline.  However, the advanced state of the Keystone project, rerouting decisions to resolve 
environmental issues and US import requirements increase the likelihood that Keystone XL 
will ultimately be approved.  There are also additional pipeline projects and other 
transportation options that represent potentially viable options if Keystone XL is not built.  
These projects include the 1.1 mbpd Energy East pipeline from AB to refineries in eastern 
Canada (TransCanada 2013) and barge and rail options, the latter of which represents 
potential crude shipments of 708 kbpd by 2015 if all proposed rail terminal facilities in AB, 
Manitoba, and Saskatchewan proceed as planned (Tertzakian 2013).  I exclude these 
potential projects from the capacity forecast, which reduces the risk that oil transportation 
capacity will be insufficient.   

70  An independent study prepared by Ensys (2011) for the US Department of Energy and the 
US Department of State assesses the impacts of Keystone XL on US and global oil markets.  
Ensys determines that there is sufficient capacity to meet forecast demand for WCSB oil until 
2030 by expanding existing pipelines and rail, barge, and tanker options.  Ensys concludes 
that adding any new pipeline developments including NGP and Keystone XL will result in 
excess capacity.  Furthermore, the MS (2010; 2012) market assessment submitted as part of 
the NGP regulatory application shows that there is sufficient capacity to meet demand for 
WCSB exports without the NGP.  The MS analysis determines that the NGP affects the 
distribution of WCSB oil shipments and not the total amount of oil shipped since pipeline 
capacity is the same with and without the NGP until after 2020.  Thus building the NGP 
results in an increase in surplus capacity since, according to MS, the project does not impact 
WCSB production. 
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Table 9.5. Forecast Oil Pipeline Supply and Demand Balance (kbpd) 

 2012 2015 2020 2025 2030 
Crude Oil Supply 2,862 3,803 4,858 6,091 6,782 
Current Capacity 3,832 3,832 3,832 3,832 3,832 

Surplus/Deficit +970 +29 (1,026) (2,259) (2,950) 
Clipper Expansion  230 230 230 230 
Keystone XL  830 830 830 830 
Enbridge Line 9B Reversal  300 300 300 300 

Surplus/Deficit +970 +1,389 +334 (899) (1,590) 
Trans Mountain Expansion and NGP   1,115 1,115 1,115 

Surplus/Deficit +970 +1,389 +1,449 +216 (475) 
% Capacity Use 75% 73% 77% 97% 108% 

The supply/demand analysis shows that, if built to begin operation in 2019, the 

NGP would generate surplus capacity in the pipeline system.  Even if oil producers divert 

crude oil to the NGP and the NGP reaches its maximum shipment capacity before it is 

required, this crude would be offloaded from other pipelines exiting western Canada and 

thus would create unused capacity elsewhere in the pipeline system.  Costs associated 

with excess capacity in the pipeline system would be borne by operators of export 

pipelines in the form of lost revenues for shipment volumes diverted to the NGP or by 

crude oil producers in the form of higher tolls from pipeline operators shifting the cost of 

excess capacity onto shippers.  In either situation, surplus capacity created by the NGP 

could cost the oil transportation sector $725 million over the life of the project (Table 
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9.6)71.  This base case scenario assumes 95% pipeline capacity utilization since 

producers may be willing to pay for some surplus capacity.   

Given the uncertainty over demand for pipeline capacity, I complete a sensitivity 

analysis of WCSB oil supply volumes by lowering supply volumes by 10%, and then 

increasing supply volumes by 10%.  Changes in oil supply volumes affect the cost of 

surplus capacity due to the relationship between pipeline capacity and the amount in 

tolls paid by shippers.  The pipeline supply/demand analysis relies on forecast data from 

CAPP that show a systematic upward bias in the forecast methodology estimating future 

capacity.  Although a higher supply forecast is possible, the likelihood based on past 

forecasts is that actual production is more likely to be lower.  Multiyear delays and cost 

escalations in existing projects such as the Kearl mine and the recent cancellation of the 

previously announced 200 kbpd Syncrude expansion that was supposed to be built by 

2020 illustrate the downside risks in oil sands forecasts (Healing 2011).  Thus the 

scenario with 10% lower supply volumes may be more realistic given the ambitious 

nature of historical CAPP forecasts.  The cost of surplus capacity could range between 

$0 and over $1.3 billion during the life of the project if supply volumes are 10% higher or 

lower than expected.  I acknowledge that, although feasibility of the NGP is based on the 

need for oil pipeline capacity, I have not completed a supply/demand analysis of the 

condensate market to assess when and if the condensate pipeline capacity is required.  

 

 

 
71  I estimate surplus capacity by taking the difference in NPV between: ($800) million, which 

represents the NPV the project if NGP capacity is required upon completion of construction in 
2019; and ($1,525) million, which is the NPV of the project that represents excess surplus 
capacity in the first two years of operation until 2021.  Even if oil producers divert crude to the 
NGP during the first two years of operation, this excess capacity shows up somewhere else 
in the pipeline system.  Surplus capacity in the pipeline system represents lost revenue and 
thus pipeline operators incur these costs or likely pass them on in the form of higher tolls for 
shippers.     
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Table 9.6. Cost of Surplus Capacity 

 
NPV at 8% (in millions) 

Low Value Base Case High Value 
Cost of Surplus Capacity 0 (725) (1,362) 
Source: Calculated from WM (2012); CAPP (2013).  Note: Low Value = 10% higher supply volumes; Base 
Case = supply volumes based on CAPP (2012); High Value = 10% lower supply volumes. 

The supply/demand analysis in this section is conservative for the following 

reasons: (1) it uses CAPP’s growth scenario that historically overestimates oil 

production; (2) it ignores rail takeaway capacity as an alternative transportation mode; 

(3) it omits capacity from the 1.1 mbpd Energy East pipeline from AB to refineries in 

eastern Canada (TransCanada 2013); and (4) it conservatively assumes no increase in 

intra-western Canada crude consumption over the forecast period.  Nonetheless, I 

caution that the forecast of supply and demand and pipeline capacity requirements is 

subject to uncertainty and different assumptions will lead to different estimates of 

capacity requirements72.  Managing supply and demand for oil transportation is a 

complex undertaking subject to engineering and marketing constraints and thus actual 

pipeline capacity utilization may be higher or lower than forecast.  

9.3.1.3. Oil Price Uplift 

According to ENGP (2010, Vol. 2), the NGP would generate significant economic 

benefits as a result of the estimated oil price uplift.  The estimated price uplift is 

comprised of three components: (1) an increase in netbacks to Canadian producers for 

NGP shipments to Asia based on the assumption that Asia oil prices are higher than 

North American prices; (2) A northward shift of the US pricing point from the Gulf Coast 

to the interior US that reduces transportation costs for Canadian oil producers shipping 

into the US market; and (3) the elimination of the need to transport Canadian oil via 
 
72  The supply/demand analysis in this section predominantly relies on the CAPP (2012) crude 

oil supply forecast.  I acknowledge that more recent forecast information on pipeline supply 
and demand made subsequent to the CAPP (2012) forecast indicate that the net costs may 
be larger due to increased supply of oil transportation capacity and lower oil production 
forecasts for Western Canada provided in the most recent CAPP (2014) forecast. 
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more expensive rail (MS 2010; 2012).  In Chapter 5, I describe key deficiencies in the 

NGP regulatory application that undermine the claim that there will be an oil price uplift 

(section 5.3.2).  These deficiencies include: 

•   The assumption of a northward shift in the pricing point even though the US 
Gulf Coast remains the marginal pricing point for western Canadian crude oil 
with and without the NGP suggesting that the NGP would not affect the US 
price for WCSB oil; 

•   The assumption of a static refinery system in the US that does not account 
for the investment that would be undertaken by US refineries to 
accommodate more heavy oil as shipments from the WCSB increase; and 

•   The assumption of independent regional oil markets that contradicts the 
existence of a global crude oil market wherein the Asia price premium would 
erode as supply and demand dynamics cause price differentials to 
equilibrate. 

Consequently, the claim that there will be an oil price uplift over the entire 

operating period of the NGP is highly speculative.  If a price uplift exists in the short-term 

due to transportation constraints for competing supplies, the value and duration of this 

differential is highly uncertain and the amount accruing to Canadians is unknown.  

Accordingly, I do not include a price differential associated with redistributing 525 kbpd 

of oil from the North American market to Asian markets in the base case analysis.  

I complete a sensitivity analysis that accepts the uncertain possibility that an oil 

price uplift may arise as a result of shipping western Canadian crude to oil markets in 

Asia.  Although I assume that the NGP generates an oil price uplift in this scenario, I 

reject ENGP’s assumption of a permanent oil price premium over the entire operational 

period since it is based on weak evidence.  A more reasonable estimate of any potential 

oil price uplift is the scenario identified by WM (2012) whereby the NGP generates half 

the oil price uplift compared to the base case over a five-year period instead of over the 
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life of the project, which results in a NPV of $3.9 billion discounted at 8%73 (section 

4.3.3).   

Including the oil price uplift into the MABCA is a complex undertaking that 

requires careful consideration of the costs and benefits related to the uplift.  Any oil price 

uplift should be adjusted to reflect the principle of national standing from the Canadian 

government CBA guidelines.  As discussed in section 5.3.2, the WM CBA significantly 

overstates the magnitude of benefits accruing to Canadians from the oil price uplift since 

it includes benefits that accrue to non-Canadians that should be deducted from the total 

oil price uplift consistent with guidelines from the Treasury Board of Canada (TBCS 

2007, p. 12).  I estimate profits accruing to foreign owners using the proportion of foreign 

ownership in the Canadian oil and gas sector, which according to Statistics Canada 

 
73  According to WM (2012), half the oil price uplift over a five year period consists of $3.1 billion 

accruing to the private sector, $1.6 billion collected by government, and $0.8 billion in costs 
incurred by Canadian refineries, for a net total of $3.9 billion. 
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(2012b) averaged 44% for the three years between 2008 and 201074.  Based on this 

three-year average of foreign ownership, I adjust the portion of the price uplift benefit 

accruing to the private sector, from $3.1 billion realized by all domestic and foreign 

private sector participants, to $1.7 billion that represents only Canadian private sector 

firms.  This adjustment results in a net oil price uplift of $2.5 billion over a 5-year period, 

which includes the portion of oil price uplift benefits accruing to governments and the 

higher costs paid by Canadian refineries75.  

There are several other considerations to incorporating the oil price uplift in the 

MABCA.  WM (2010; 2012) argues that an increase in oil and gas production is directly 

attributable to the NGP price uplift and so increased production should be included in the 

sensitivity analysis.  This induced production from reinvestment of the oil price uplift 

would generate GHG emissions, which I discuss in section 9.3.3.2.  Further, there are 

 
74  Estimating the proportion of foreign benefits accruing to non-Canadians is challenging due to 

data limitations.  According to Statistics Canada (2012b), the share of profits received by 
foreign controlled firms in the oil and gas sector in Canada ranged between 41% and 47% 
from 2008 to 2010.  Statistics Canada (2012b) measures foreign control of oil and gas 
enterprises based on companies’ assets, operating revenues, and profits.  Statistics Canada 
collects information on the ownership of incorporated businesses in Canada with gross 
revenues that exceed $80 million, assets that exceed $200 million, or long-term debt or 
equity owing to non-residents exceeding $1 million (Statistics Canada 2012b, p. 47).  This 
information is used to establish relationships between parent corporations and their 
subsidiaries in order to determine corporate ownership structures and the country that has 
control of each corporate structure (Statistics Canada 2012b, p. 47).  According to Statistics 
Canada, corporate control refers to the potential to impact the corporate strategic decision-
making process of the board of directors of a corporation and in most cases of foreign 
control, the country of control is the country in which the foreign controlling parent corporation 
resides  (Statistics Canada 2012b, p. 49-50).  I acknowledge that relying on the Statistics 
Canada definition of foreign control of firms operating in the oil and gas sector in Canada may 
overestimate or underestimate the proportion of profits accruing to foreign shareholders.  
Some shares of foreign controlled firms may be owned directly by Canadians and some 
shares of Canadian controlled firms may be owned directly by non-Canadians.  Further, 
some shares are likely to be owned indirectly through pension funds.  For these reasons the 
proportion of foreign benefits may be higher or lower than the estimate based on Statistics 
Canada data.  Given these challenges, I estimate the benefits accruing to foreign owners in 
only one sensitivity case for the oil price uplift where the impact on net benefits is significant 
and while the impact on other scenarios would exist, it would be relatively small and 
challenging to estimate.   

75  According to WM (2012), the price uplift increases the price of WCSB oil and refineries using 
WCSB oil as feedstock would incur the higher prices.  
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several costs and benefits that I am unable to include due to a lack of data.  First, 

induced production will have environmental costs from expansion of existing oil sands 

projects and the construction of new greenfield projects that include air pollution, EGS 

losses and water pollution.  These costs are in addition to environmental damage costs 

associated with the NGP.  Second, oil production constitutes potential costs from the 

depletion of natural capital associated with consuming non-renewable natural resources.  

In a case study evaluation of the Kearl oil sands project, Joseph (2013) determines user 

costs of bitumen to future generations of $81 million per year that, if invested annually at 

an 8% return, increase to nearly $25 billion by the end of project.  However, I note that 

the depletion of natural capital and investment in human capital and whether these forms 

of capital are substitutable or complementary depend on the model of sustainability (i.e. 

strong versus weak sustainability).  Third, the expansion or construction of incremental 

WCSB oil production capacity will require government services and infrastructure in 

addition to average government expenditures required for normal operations.  Fourth, 

there may be benefits in the form of royalties collected by government from induced 

production, although these royalties are likely minimal as they are based on resource 

rents earned at the margin by oil producers in competitive markets.  As Mintz and Chen 

(2012) explain in their discussion of resource rent regimes in oil and gas development, 

firms employ capital, labour, and other factors of production at the margin until the 

marginal return on the last unit equals its economic costs.  Thus, rents earned by firms 

are zero at the margin since returns equal costs.  Incorporating all of the costs and 

benefits described in this paragraph into the MABCA would likely produce different 

results. 

9.3.2. Economic Activity Account 

The economic activity account indicates the benefits and costs that businesses, 

employees, and government receive from incremental economic activity, excluding those 

accounted for in the financial account (Shaffer 2010).  The benefits in this account are 

not simply a summary of direct, indirect, and induced effects of labour, goods and 

services, and tax revenue created by the project.  Indeed, these measures represent 

gross impacts that assume that all resources would otherwise be unemployed (Shaffer 

2010).  Instead, this account measures the net benefit or cost that employees, 
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businesses, and government receive compared to their opportunity or incremental cost 

(Shaffer 2010).  

9.3.2.1. Employment Benefits 

ENGP estimates that the NGP would create a total of 1,146 permanent operating 

jobs in Canada that include 104 direct jobs, 370 indirect jobs based on direct purchases, 

251 other indirect jobs, and 421 induced jobs (ENGP 2010, Vol. 6C).  Assuming that the 

NGP creates 1,146 jobs in Canada, these jobs are normally included as a cost in CBA 

based on the fact that this labour has an opportunity cost based on what this labour 

would have produced if it was not employed on the NGP.  The inclusion of an 

employment benefit is justified only if the economy experiences high unemployment and 

some proportion of workers would otherwise be unemployed or underemployed.  This 

may be the case for construction employment in some regions and circumstances 

(though the creation of temporary employment creates social costs as well).  But such 

employment benefits are rarely justified for operating employment over a long period due 

to the highly questionable assumption that workers employed on the project would be 

permanently unemployed in the absence of the project.   

There are several reasons that employment for the NGP would likely not be 

incremental and thus employment benefits would be minimal.  First, as ENGP’s 

consultants assume, if the NGP is not built then it is likely that other transportation 

projects will be built to resolve any bottlenecks in pipeline capacity (MS 2010; 2012).  

These other transportation projects would likely employ a portion of the workers that 

would have been employed by the NGP.  Second, the low rate of unemployment in 

Alberta of 4.5% and the relatively low rate in BC of 6.5% as of December 2012 

(Statistics Canada 2012c) suggest that the economy is operating at, or near, full 

employment in that workers searching for work are able to find it.  Furthermore, 

unemployment in both provinces is forecast to decline in the foreseeable future (RBC 

2012) suggesting that labour markets will continue to tighten.  Third, there is a forecast 

shortage of skilled workers that have special knowledge or abilities in the oil and gas 

sector and in NGP impacted regions.  The Petroleum Human Resources Council of 

Canada cautions that the concurrent effect of retiring skilled workers in the oil and gas 

industry, increasing demand for skilled labour, and a shrinking labour force could 



 

282 

increase construction costs.  Indeed, this may affect the rate at which oil development 

proceeds in Canada (NEB 2011a).  In BC, the provincial government anticipates that 

demand for workers on the North Coast will result in tight labour markets during the 2010 

to 2020 forecast period (BC 2009).  Further evidence of the labour shortage is the high 

number of temporary foreign workers in Canada, which signals that there is an 

insufficient domestic supply of labour in the Canadian economy in specific sectors.  As of 

December 1, 2011, there are 69,955 temporary foreign workers in BC, 58,249 in AB, and 

300,211 in Canada (CIC 2012).   

These observations suggest that the workers that would be employed on the 

NGP will likely have alternative employment opportunities and thus the NGP is unlikely 

to provide incremental employment.  In the event that workers hired for the NGP would 

otherwise be unemployed, the opportunity cost of that unemployed worker is not equal to 

zero since an unemployed worker may be engaged in education or other activities that 

increase their opportunity cost.  Therefore, even if the NGP provides incremental 

employment benefits, these benefits are likely to be small and thus I do not include them 

in the MABCA. 

9.3.2.2. Government Revenue 

Government revenue in a social benefit-cost analysis represents incremental 

taxes that various levels of government would receive from the project.  The NGP would 

generate revenue for provincial and federal governments in the form of sales, fuel, 

property and income taxes.  Benefit-cost guidelines suggest that only in very well 

defined circumstances of widespread unemployment or capacity underutilization should 

government revenues in the form of economic-activity-related taxes constitute a net 

benefit (CCS 1993; Shaffer 2006; 2010).   

I assume that sales, fuel and corporate income taxes will not provide a net 

benefit to government for two reasons.  First, the total amount of goods and services 

produced in the economy will likely not increase with the NGP.  The capital invested in 

the NGP will in all likelihood divert capital and labour that would otherwise have been 

invested elsewhere in the economy.  To the degree that the NGP crowds out investment 

in other sectors of the economy, taxes from the NGP will mean fewer taxes from 

whatever investments are foregone.  This is particularly true for well-functioning 
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economies such as Canada’s where labour and capital are close to fully employed over 

the long-term.  The assumption in the NGP application that other transportation projects 

will be built to transport western Canadian crude in the absence of the NGP (MS 2012) 

provides evidence that government revenues generated by the NGP will not be 

incremental since these alternative projects would generate taxes if the NGP does not 

proceed.  Although the specific amount and location that alternative projects will 

generate in government revenues are unknown, these taxes would offset some portion 

of taxes in the event that the NGP does not proceed. 

Second, government would incur incremental costs to service the NGP that 

would offset a portion of the tax revenues generated by incremental economic output.  

Incremental government costs occur when project expenditures do not fully account for 

project-related services provided by government (Shaffer 2010).  Government would 

incur normal costs associated with workers employed on the NGP in the form of health 

care and policing costs, among others (Joseph 2013).  Provincial and federal 

governments would also incur incremental regulatory costs associated with the NGP 

over the life of the project.  Federal agencies including the NEB, CEA Agency, and the 

Department of Fisheries and Oceans Canada and the Governments of BC and AB 

incurred direct costs and opportunity costs from their participation in the JRP and would 

continue to incur costs for monitoring and administrative activities over the 30-year 

operating period of the NGP76.  Other potential incremental costs to government to 

service the NGP include expanding existing infrastructure to accommodate an increase 

in population from any in-migration of workers from southern BC, or from outside the 

province.  Indeed, the District of Kitimat Official Community Plan identifies the increase 

in demand for new infrastructure and municipal services that would accompany the 

economic growth stimulated by NGP, liquefied natural gas export plants, and other 

industrial projects (Stantec 2013).  These incremental demands on government, the 

 
76  In September 2013, the Green Party of Canada revealed documents showing that the federal 

government spent $120 million of public funds to conduct two marine spill studies off the 
Canadian coasts that the Green Party contends should have been undertaken by ENGP as 
part of its regulatory application for the NGP (Meissner 2013). 
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costs of which must be shared among project proponents, also represent an opportunity 

cost in that funds allocated to support the NGP cannot be spent on other projects or 

services in different areas.  For these reasons I exclude sales, fuel, and corporate 

income taxes from the MABCA. 

I assume that property taxes generated by the NGP could provide incremental 

revenues for government.  Property taxes can be considered incremental because the 

NGP represents a new development on land that would not generate the same amount 

of taxes in the absence of the project (Shaffer 2010).  WM (2012) estimates property 

taxes of $427 million collected by local governments over the life of the project at an 8% 

discount rate (Table 9.7).  I note that the WM (2012) figure likely overestimates 

government revenues from property taxes since it omits incremental costs from 

municipal resources required to service the NGP.  Therefore the $427 million in property 

taxes represents an upper bound estimate of potential property taxes flowing to local 

government.  I further discuss the distributional effect of taxes in section 9.4 since taxes 

represent transfer payments from business to government with no net change in the 

value of resources to society (Gunton 2003; Zerbe and Bellas 2006; TBCS 2007). 

Table 9.7. Incremental Government Revenues 

Government Revenue NPV at 8% (in millions) 
Sales Taxes 0 
Fuel Taxes 0 
Income Taxes 0 
Property Taxes 427 
Source: Calculated from WM (2012). 

9.3.3. Environmental Account 

The environmental account in a multiple account benefit-cost study assesses the 

nature and significance of impacts to natural resource and environmental attributes of a 

proposed undertaking (Shaffer 2010).  This account primarily measures environmental 

externalities for which there is no payment or compensation in response to positive or 

negative impacts borne by affected individuals (Shaffer 2010).  In the case of the NGP, 

the main environmental externalities from the project include air pollution, GHG 
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emissions, loss or damages to EGS, and costs associated with oil spills.  With the 

exception of some spill costs, all of the aforementioned components of the 

environmental account represent externalities in that these costs are not reflected in 

market prices, nor are affected individuals otherwise compensated.  A portion of the spill 

costs may be covered by domestic and international insurance funds created to address 

externalities associated with marine shipping incidents and I further discuss these funds 

in the distributional impact analysis. 

The base case analysis estimates values for air pollution, GHGs, ecosystem 

damages, and oil spill clean up costs for the NGP from a wide range of possible values 

for these impacts.  The wide ranges represent some of the uncertainties associated with 

determining costs for environmental externalities and it is important to test the rigor of 

those estimates in a sensitivity analysis.  Thus, I complete a sensitivity analysis that 

evaluates the lower and upper bound of environmental costs on the net social benefit of 

the NGP.   

9.3.3.1. Air Pollution 

Construction and operation of the NGP would emit criteria air contaminants and 

hazardous air pollutants that have the potential to negatively impact human health and 

the environment.  ENGP does not attempt to estimate the environmental costs 

associated with air pollution from the NGP in its regulatory application.  I estimate the 

cost of air pollution using emissions data from the NGP regulatory application and 

environmental damage costs from peer-reviewed literature.  I note that some air pollution 

costs represent social costs in the form of human health effects.  Due to the aggregation 

of social and environmental air pollution costs in the academic literature, I do not present 

separate air pollution costs in the environmental and social accounts. 

According to ENGP (2010, Vol. 6A; 8B), installation and operation of the pipeline, 

construction and operation of Kitimat Terminal, and incremental tanker and tug traffic 

associated with the project would release sulphur dioxide (SO2), nitrogen oxides (NOX), 

and particulate matter (PM10; PM2.5) that affect human health and ecosystems.  Short-

term exposure to SO2 and NOX can cause respiratory health effects in humans and 

consistent associations exist between short-term SO2 exposure and mortality (US EPA 

2009).  In terms of environmental impacts, SO2 and NOX emitted into the atmosphere 
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can deposit into aquatic and terrestrial ecosystems causing acidification that may result 

in a decline in the health of forest tree species such as red spruce and sugar maple and 

a loss of aquatic biodiversity (US EPA 2009).  SO2 and NOX also contribute to the health 

and ecosystem impacts caused by PM (IMO 2009).  Short-term exposure to PM 

increases respiratory issues such as coughing, alters lung function, changes heart 

rhythm, worsens heart and lung disease, and increases premature mortality (IMO 2009).  

PM deposition occurring in aquatic and terrestrial ecosystems contributes to acidification 

and nutrient enrichment (IMO 2009).  NGP construction and operations would also emit 

carbon monoxide (CO), total suspended particulates (TSP), volatile organic compounds 

(VOC), and other hazardous air pollutants including benzene, toluene, ethylbenzene, 

and xylenes. 

To estimate air pollution from the NGP, I make several adjustments to the 

emissions data in the NGP application (Table 9.8).  First, The NGP application provides 

annual data for criteria air contaminants and hazardous air pollutants from construction 

and operation.  I assume a 4-year construction period and 30-year operating period 

based on ENGP (2010).  Second, ENGP estimates air pollution emissions from tankers 

that would transit to Kitimat Terminal and berth at the terminal assuming the sulphur 

content of fuel used by these vessels is 2.7% by weight (ENGP 2010, Vol. 8B p. 13-18).  

At the time of preparing the NGP application, the current sulphur in fuel requirement was 

4.5% although the International Maritime Organization had approved amendments to the 

MARPOL Annex VI regulations to reduce sulphur in fuels in order to restrict 

environment-polluting substances from ships (ENGP 2010, Vol. 6A p. 4-32).  The 

Regulations Amending the Vessel Pollution and Dangerous Chemicals Regulations 

under the Canada Shipping Act (S.C. 2001, c. 26) outline new standards effective 

January 2015, set under MARPOL Annex VI, to reduce sulphur content in fuels to 0.1% 

in Emission Control Areas77.  Thus I reduce SO2 emissions from vessel sources in the 

NGP application by 96%.  Second, the amendments to MARPOL Annex VI also identify 
 
77  An Emissions Control Area is a designated area that supports the reduction of SO2, NOX, and 

PM emissions from ships (IMO 2009). The Emissions Control Area in North America is an 
area extending 200 nm from the US and Canadian territorial sea baselines (IMO 2009). 
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stricter emissions controls for NOX and PM emissions from vessels.  Emissions controls 

outlined in the Regulations Amending the Vessel Pollution and Dangerous Chemicals 

Regulations are expected to reduce vessel source emissions of NOX and PM by 80% by 

2020, and I adjust the PM and NOX vessel emissions data in the NGP application to 

reflect these changes in domestic and international law.   

Table 9.8. Total Air Pollution Emissions from NGP 

Pollutant 
Construction (Total emissions in tonnes) Operation (Total emissions in tonnes) 

Pipeline Installation Kitimat Terminal Kitimat Terminal Tanker and Tug 
CO 452 227 2,940 4,002 
SO2 140 130 1,199 1,125 
NOX 549 597 2,664 10,347 
PM10 n/a n/a 204 1,084 
PM2.5 n/a n/a 168 869 
TSP 52 36 1,620 8,370 
VOC n/a n/a 2,223 1,716 
Other n/a n/a 45 11 
Source: ENGP (2010, Vol. 6A; 8B).  Note: Assume 4-year construction period for air pollution from 
construction of the NGP based on WM (2012), which assumes 90% of capital expenditures take place 
between 2015 and 2018. Assume 30-year operating period; SO2, NOX, PM2.5, and PM10 emissions reflect 
adjustments based on International Maritime Organization amendments and amendments to regulations 
under the Canada Shipping Act (S.C. 2001, c. 26). 

Peer-reviewed literature identifies several approaches to estimating damage 

costs of air pollution and these methods result in different damage estimates.  In a 

review of 36 studies estimating the environmental and social damage costs of air 

pollution, Matthews and Lave (2000) determine a large range for marginal air pollution 

damages whereby maximum estimates are more than 40 times greater than minimum 

estimates (Table 9.9).  The wide range is due to differing underlying methodological 
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approaches78, assumptions unique to each study, and the scope of monetized effects 

(Matthews and Lave 2000).  More recently, Muller and Mendelsohn (2007) estimate the 

average marginal damage of an additional ton of six air pollutants from 10,000 point 

sources in the US by modeling air pollution, air quality, exposures, and physical effects.  

The authors determine social damage costs to human health and the natural and built 

environment from a review of existing peer-reviewed literature79 and disaggregate 

marginal damages by rural and urban emissions.  A third study prepared for the 

European Commission estimates the marginal external costs of air pollution for rural 

areas across Europe.  Holland and Watkiss (2001) use the impact pathway methodology 

that examines impacts of emissions on sensitive receptors and uses a WTP approach to 

value air pollution emissions for various pollution effects including short-term and long-

term effects on mortality and morbidity, effects of ozone on arable crop yield, and effects 

from SO2 on building materials.  Average damage cost estimates from the literature vary 

widely due to differences in methodology, health and environmental impacts assessed, 

and location of emissions (Table 9.9). 

 

 

 

 

 
78  These approaches include damage function models, WTP studies, and externality adders.  

Damage function models require estimating the effect of air pollution on specific valued 
assets (i.e. health and the natural environment) and monetizing the cost of repairing or 
preventing these effects, whereas the externality adder approach estimates the costs borne 
by utilities to implement technologies that reduce air pollution (Matthews and Lave 2000). 

79  Muller and Mendelsohn (2007) estimate damage costs from air pollution on premature human 
mortality and increased rates of illness, reduced agriculture yield, reduced timber yields, 
depreciation of human-made materials, lost recreation usage from impaired forest health, and 
damages from visibility loss. Human health impacts represent the majority (94%) of total 
damages. 
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Table 9.9. Unit Damage Costs for Air Pollution 

Pollutant 
Social Damage Cost (per tonne) 

Matthew and Lave (2000) Muller and Mendelsohn (2007) Holland and Watkiss (2001) 
CO 2 – 1,905 n/a n/a 
SO2 1,397 – 8,527 1,330 – 2,217 8,990 
NOX 399 – 17,236 443 7,261 
PM10 1,724 – 29,392 296 – 739 n/a 
PM2.5 n/a 1,626 – 4,878 24,203 
VOC 290 – 7,983 443 – 739 3,631 
Source: Computed from Matthews and Lave (2000); Holland and Watkiss (2001); Muller and Mendelsohn 
(2007).  Note: All damage costs adjusted to 2012 CAD; Range for Matthews and Lave (2000) represents 
minimum and maximum damages; Range for Muller and Mendelsohn (2007) represents average marginal 
damages in rural areas and urban areas. 

Based on average marginal per-tonne costs for air pollutants, air pollution from 

the NGP could cause $60 million in environmental damage costs over the 30-year life of 

the project (Table 9.10).  However, bounded air pollution costs could range between $4 

and $116 million in environmental damage costs over the life of the NGP.  The wide 

range of damage costs from air pollution reflects the uncertainty associated with these 

estimates.  Air pollution damages depend on several regional factors including the 

concentration of existing pollutants, exposure to newly emitted pollutants, the population 

impacted, and the physical and environmental response to elevated concentrations of 

pollutants, and I have not undertaken these analyses.  Further, transferring damage 

costs from a different region may not accurately reflect the marginal cost of emitting one 

more unit of air pollution from the NGP.  Thus, these damage cost estimates based on 

transferred damage cost data from other regions simply illustrate the potential magnitude 

of costs associated with air pollution from the NGP in the absence of more specific 

damage cost data for the Kitimat airshed.  
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Table 9.10. Damage Costs from Air Pollution Emitted from NGP 

Pollutant 
Total Emissions  

(in tonnes) 
NPV at 8% (in millions) 

Low Value Base Case High Value 
CO 8,976 (<1) (3) (5) 
SO2 3,015 (1) (5) (9) 
NOX 15,804 (2) (41) (81) 
PM10 1,288 (<1) (4) (8) 
PM2.5 1,037 (<1) (3) (5) 
VOC 3,939 (<1) (4) (7) 
Total n/a (4) (60) (116) 
Source: Computed from Matthews and Lave (2000); Holland and Watkiss (2001); Muller and Mendelsohn 
(2007); ENGP (2010, Vol. 6A; 8B).  Note: All values use air pollution estimates from ENGP (2010) and 
damage cost data from Matthews and Lave (2000); Holland and Watkiss (2001); Muller and Mendelsohn 
(2007).  Low Value = Lower bound estimate of damage costs; Base Case = average of the lower and upper 
bound damage costs; High Value = Upper bound estimate of damage costs. 

Several factors suggest that actual air pollution costs from the NGP could be 

higher or lower than the range of environmental and social damage costs in Table 9.10.  

First, the size of the population impacted is a major consideration in social damage costs 

from air pollution.  Due to the nature of the damage cost data from Matthews and Lave 

(2000), Matthews and Lave (2000); Holland and Watkiss (2001), and Muller and 

Mendelsohn (2007), I am not able to make comparisons and adjustments for the 

population potentially impacted in the Kitimat region.  Second, per-tonne social damage 

costs from these three studies do not include all potential negative impacts from air 
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pollution80.  Third, there are no unit damage costs for many of the air pollutants that the 

NGP would emit including TSP, benzene, toluene, ethylbenzene, and xylenes.  Fourth, 

damage costs do not include air pollution associated with incremental oil sands 

production induced by the oil price uplift, which according to Joseph (2013) could be 

substantial.  Fifth, air emissions in the NGP regulatory application underestimate actual 

emissions since the analysis assumes three escort tugs would assist each tanker during 

berthing (ENGP 2010, Vol. 6A p. 4-35) whereas ENGP has stated that four tugs would 

berth or unberth tankers (ENGP 2010, Vol. 6A p. 2-28).  Sixth, the adjustments to the 

vessel emissions data in the NGP application that reduce SO2, NOX, and PM emissions 

may underestimate actual emissions since there are risks that emissions controls could 

be delayed or revised in the future.  Therefore, air pollution damage costs for the NGP 

could fall outside of the $4 to $116 million range over the life of the project. 

9.3.3.2. Greenhouse Gas Emissions 

The NGP would emit GHG emissions that could contribute to global climate 

change.  GHG emission sources associated with the project include fuel use during the 

construction phase, pipeline and marine terminal operations, and tanker operations 

within Canadian waters.  ENGP estimates that the project would emit 100,000 tCO2e 

during construction and 200,000 tCO2e during operations (WM 2012, p. 78).  The 

analysis of GHG damage costs in this section assumes that these estimated project 

 
80  For example, Holland and Watkiss (2001) exclude ecosystem effects whereby concentrations 

exceed critical levels and SO2 and NOX cause acidifications and eutrophication with 
significant impacts to ecosystems.  The authors also omit non-ozone effects on agriculture, 
effects of ozone on materials such as rubber, changes in visual range from particle and NO2 
concentrations, and damages to cultural heritage.  Matthews and Lave (2000) suggest that 
the wide range in damage cost estimates is a principal source of the variability of air pollution 
impacts considered in each of the studies evaluated.  The authors note that some studies 
included only effects to human health while other studies included other effects.  With regards 
to damage cost estimates from Muller and Mendelsohn (2007), the authors use the Air 
Pollution Emission Experiments and Policy analysis model, which comprehensively quantifies 
several health, ecosystem, and recreation impacts from an additional ton of air pollution.  
However, the study omits any effects related to the biodiversity of the ecosystem in which the 
impacts occur, health effects to wildlife impacted by air pollution, and any effects on drinking 
water supply and quality.  Furthermore, it is unclear if the authors include air pollution impacts 
to cultural assets. 
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emissions are correct and I evaluate GHG costs based on a range of costs per tonne of 

GHG emitted.  The base case scenario excludes GHG emissions from upstream oil 

production consistent with the NEB’s decision on the Keystone XL to exclude upstream 

impacts (NEB 2009).  I also complete a sensitivity analysis that includes the additional 

upstream GHG emissions from oil production that would accompany induced oil 

production from reinvestment of the oil price uplift.   

The first potential estimate of GHG emissions costs is the methodological 

approach used in the NGP regulatory application.  WM (2012) estimates GHG costs of 

$32 million discounted at 8% over the life of the NGP based on the proponent’s private 

cost to purchase carbon offsets.  WM (2012) uses an internalized cost of $20 per tCO2e, 

which is the average price for carbon offsets in BC and Alberta.  An issue with using the 

BC and Alberta carbon offset prices is that these prices are set based on government 

regulations and do not reflect the long run cost of abating emissions, or the damage 

costs of GHG emissions that are not abated.  In a 2013 report, the Auditor General of 

BC criticized the price of carbon offsets for not offering incremental GHG emissions 

reductions (OAGBC 2013).  Further, carbon offset costs based on AB and BC do not 

include an adjustment factor recommended by Pearce (2003) that increases the cost of 

GHG emissions over time as GHGs accumulate in the atmosphere.  I include the NPV of 

$32 million as a lower bound estimate for the cost of GHG emissions associated with the 

NGP despite the inappropriate use of the private cost to purchase carbon offsets to 

represent GHG emissions costs in social benefit-cost analysis. 

A more appropriate approach for estimating GHG costs in social valuation is to 

use the social cost of carbon, which is the damage caused by emitting one more tonne 

of carbon dioxide, or the damage avoided by reducing emissions by one tonne.  In a 

meta-analysis of the social cost of carbon, Tol (2011) examines 311 estimates of the 

marginal cost of carbon in 61 studies from 1991 to 2010.  The mean estimate of the 61 

studies reviewed by Tol is a marginal cost of $177 (1995 USD) per tonne of carbon 

(approximately $73 per tCO2e in 2012 CAD), although Tol notes that there is a wide 

range in estimates due to variations in methodology and assumptions and there is no 

consensus on the appropriate damage cost price.  When analyzing GHG costs using the 

social cost of carbon, the Intergovernmental Panel on Climate Change recommends 

increasing the social cost of carbon at a per year growth rate of 2.4% to reflect the 
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increase in these costs over time (IPCC 2007).  My analysis of the social cost of carbon 

for the NGP uses Tol’s mean value of $73 in the first year and increases this by 2.4% 

per year of the project. 

A third approach for assessing GHG costs is to use the price that would have to 

be charged for carbon dioxide emissions in order to achieve GHG reduction targets.  

Canada’s National Roundtable on the Environment and Economy estimates prices for 

carbon dioxide equivalent (CO2e) required to achieve Canada’s medium- and long-term 

goal of reducing GHG emissions by 20% below 2006 levels by 2020, and 65% by 2050 

(NRTEE 2009).  The study determined that the price of CO2e would have to be $100 per 

tonne (2006 CAD or $111 in 2012 CAD) by 2020, and $300 by 2050 to achieve 

Canada’s GHG reduction goals (NRTEE 2009).  The price required to meet Canada’s 

medium-term GHG reduction goal of $111 per tCO2e represents the high value in my 

MABCA, although I acknowledge that this estimate is well below a maximal estimate81.  

Figure 9.1 compares GHG costs per unit from NRTEE (2009), Tol (2011), and WM 

(2012). 

Figure 9.1. Comparison of GHG Costs per Unit 

 
Source: NRTEE (2009); Tol (2011); WM (2012). 
 
81  For example, social costs of carbon from Tol (2011) range as high as $879 per tonne (2012 

CAD). 
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GHG cost estimates based on the social cost of carbon and Canada’s reduction 

target price are well above cost estimates based on carbon offset prices (Table 9.11).  

Indeed, the base case value of $153 million for GHG costs over the life of the NGP is 

nearly five times greater than GHG costs based on carbon offsets.  I note that GHG 

damage costs do not include any GHG emissions associated with production, refining, 

and end-use of the oil transported by the NGP.  GHG damage costs would be higher if 

these emissions were included.  Furthermore, GHG costs associated with oil production 

from reinvestment of the oil price uplift are not included in Table 9.11.  I omit these GHG 

costs since the oil price uplift is not included in the base case scenario due to lack of 

evidence supporting such an uplift.  

Table 9.11. GHG Emissions Costs 

Emissions Source 
Total tCO2e  
(in millions) 

NPV at 8% (in millions) 
Low Value Base Case High Value 

NGP Construction 
and Operation 6.4 (32) (153) (175) 

Source: Computed from data in NRTEE (2009); Tol (2011); WM (2012).  Notes: All values use GHG 
emissions of 100,000 tCO2e during construction and 200,000 tCO2e during operation; Low Value = GHG 
costs based on WM (2012); Base Case = GHG costs based on Tol (2011); High Value = GHG costs based 
on NRTEE (2009). 

I include a sensitivity analysis that estimates GHG emissions from induced oil 

production resulting from half the oil price uplift over a five-year period.  WM (2012) 

assumes that oil producers would reinvest a portion of the price premium from shipping 

oil to Asia into expanded oil and gas production in BC, AB, Saskatchewan, and other 

provinces.  According to ENGP (2012), total oil production from reinvestment of the oil 

price uplift ranges from 37 kbpd to 1.5 mbpd between 2019 and 2048 and averages 806 

kbpd per year over the 30-year period while natural gas production averages 7,500 

million cubic feet per day over the life of the NGP.  Based on this data from ENGP, I 

estimate oil production from half the oil price uplift over a five-year period at 18 kbpd in 

2019 increasing to 118 kbpd in 2023 or an average of 69 kbpd over the five-year period.  

This induced production would create environmental impacts such as an increase in 

GHG emissions.  
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 Establishing the scope of GHG emissions allocated to the NGP from induced oil 

production represents a theoretical challenge.  Although estimating GHG emissions from 

half the oil price uplift for five years is fairly straightforward82, a larger methodological 

consideration relates to whether GHG emissions should be based on the production of 

the oil (i.e. including GHG emissions to the end of processing), production and refining of 

the oil (i.e. end of refining), or production, refining, and final end use (i.e. total life cycle), 

the latter of which often occurs outside the geographic boundaries of the producing 

nation.  As Table 9.12 illustrates, per bbl estimates for GHG emissions change 

significantly depending on the scope of emissions included and result in a large range of 

potential GHG damage costs of between $89 million and $12.1 billion.  For the sensitivity 

analysis, I use GHG costs based on Tol (2011) for emissions to the end of refining (i.e. 

NPV $1.8 billion) since it represents a relative midpoint between GHG costs from 

processing and lifecycle costs, and because a portion of the oil produced from 

reinvestment of the oil price uplift would be refined in Canada.  To avoid double counting 

emissions from the NGP, the scenarios in Table 9.12 do not include GHG emissions 
 
82  Determining the cost of GHG emissions from induced production requires estimating 

incremental production, GHGs per bbl of oil, and GHG emissions costs per tCO2e.  According 
to ENGP (2012), induced production from reinvestment of the oil price uplift will result in both 
increased oil and natural gas production in BC, AB, Saskatchewan, and other provinces 
between 2019 and 2048.  I only estimate GHG emissions associated with induced oil 
production from reinvestment of half the oil price uplift over a five year period (i.e. from 2019 
to 2023) and omit GHG emissions from natural gas production induced by the oil price uplift.  
For induced oil production in AB, I assume that 74% is oil sands production and 26% is 
conventional oil production based on the CAPP (2012) Canadian crude oil production 
forecast from 2020 to 2030.  Furthermore, I assume that all induced production outside AB is 
conventional oil production. Thus, the analysis of GHG emissions probably underestimates 
actual emissions from induced oil and gas production from reinvestment of the oil price uplift.  
To estimate GHGs for conventional oil production and oil sands production, I use GHG 
emissions data from IHS CERA (2010).  For conventional oil production, I estimate GHGs 
with emissions factors for West Texas Intermediate.  For oil sands production, CERI (2012) 
estimates that 80% of the remaining recoverable bitumen is recoverable using in-situ 
methods (i.e. steam-assisted gravity drainage or SaGD) and 20% is recoverable using mining 
techniques.  Thus, I weight GHG emissions factors for future oil sands production based on 
80% for SAGD and 20% for mining operations.  To estimate the cost of GHG emissions, I 
adjust the mean social cost of carbon of $177 (1995 USD) per tonne of carbon estimated by 
Tol (2011) to represent the cost per tCO2e and include the annual increase in the social cost 
of carbon of 2.4% recommended by the IPCC (2007).  Furthermore, I inflate GHG costs from 
Tol (2011) and NRTEE (2009) to 2012 CAD based on consumer price index data (BOC 2013; 
USBLS 2013). 
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generated by the 525 kbpd of oil transported on the NGP (Table 9.11).  Furthermore, 

GHG emissions only include emissions from incremental oil production and omit 

emissions associated with incremental production of natural gas induced from 

reinvestment of the price uplift.  Thus, GHG costs would be higher if emissions from the 

induced production of natural gas were included in the analysis.   

Table 9.12. GHG Emissions and Costs for Half Oil Price Uplift for 5 Years  

GHG Emissions 
Scenario 

Emissions Factors 
(kg CO2e per bbl) 

Total tCO2e 
 (millions) 

NPV at 8% (in millions) 
Low Value Base Case High Value 

End of Processing 5.0 - 45.2 22 (89) (468) (494) 
End of Refining 49.1 - 117.3 87 (345) (1,813) (1,913) 
Total Lifecycle 433.1 - 501.3 549 (2,175) (11,442) (12,073) 
Source: Computed from data in NRTEE (2009); IHS CERA (2010); Tol (2011); CAPP (2012); CERI (2012); 
ENGP (2012); WM (2012).  Note: Low Value = GHG costs based on WM (2012); Base Case = GHG costs 
based on Tol (2011); High Value = GHG costs based on NRTEE (2009); See footnote 82.   

9.3.3.3. Ecosystem Goods and Services 

The NGP would cause ecosystem damage over the life of the project.  

Construction, installation, operation, and maintenance of project facilities would result in 

habitat destruction, fragmentation of terrestrial species, loss of flora and fauna, changes 

in quality and supply of groundwater, and releases of sequestered carbon (Ruth and 

Gasper 2011; Anielski 2012; Ruth and Gasper 2012).  To estimate EGS losses caused 

by the NGP, I evaluate two separate studies of ecosystem damages submitted as 

evidence to the JRP for the NGP. 

The first study from Ruth and Gasper (2011; 2012) estimates ecological costs 

associated with construction of the pipeline and its associated infrastructure, as well as 

other project impacts83.  The authors estimate economic values for EGS based on 

 
83  Ruth and Gasper (2011) also evaluate ecological effects of tanker activity in the marine 

terminal, oil sands extraction and upgrading, end use of petroleum products, and oil spills. 
EGS damages associated with these activities are not included in this analysis. 



 

297 

available data from peer-reviewed scientific literature for many services including climate 

regulation, flood control, pollination, water supply, and water quality.  The authors 

estimate costs of goods and services for five ecosystem categories, namely Boreal 

forest, wetlands, grasslands, salmon habitat, and tourism based on several underlying 

assumptions for each category84.  Ruth and Gasper calculate EGS losses over a 30-

year period for the entire 84,279-hectare project effects assessment area (PEAA), which 

according to ENGP (2010, Vol. 6A), is a defined area around the smaller project 

development area (PDA) and represents the maximum area where project impacts might 

occur.  Ruth and Gasper (2011) update EGS damages in 2012 and the authors revise 

EGS damages from $2.1 billion to $1.4 billion (2011 USD) discounted at 5% over the life 

of the project85.  EGS damages from Ruth and Gasper (2011; 2012) omit costs 

associated with a broad range of values including sociocultural damages, loss of rare 

plants, higher mortality rates among wildlife species, particularly at-risk species identified 

by the Committee on the Status of Endangered Wildlife in Canada, air and water 

pollution, emissions from increased use of roads or power lines related to the NGP, and 

emissions from construction of pipelines and associated infrastructure.  Further, the Ruth 

and Gasper studies do not include EGS damages associated with passive use values. 

The second study from Anielski (2012) was commissioned by ENGP to review 

and test the conclusions reached in the Ruth and Gasper studies.  The Anielski study 

estimates EGS values for water regulation, erosion control, waste treatment, food 

production, and genetic and cultural resources, among others, in forests, wetlands, and 

grasslands.  The Anielski study estimates EGS values from Anielski and Wilson (2009b; 
 
84  Ruth and Gasper (2011) assume: (1) EGS losses from clearing land for terminals and pump 

stations accumulate over the life of the project; (2) Wetland functions will not fully recover but 
the authors deduct 10% off wetland costs after 10 years of replanting to account for some 
restoration of services; (3) EGS losses from old growth forests occur over the life the project; 
(4) EGS provided by forest stands aged 1 to 20 years are fully restored 20 years after 
replanting occurs; (5) EGS of grasslands and shrublands are fully restored after 2 years of 
replanting; and (6) Carbon dioxide costs of $17 per tonne increase at a rate of 2.4% per year 
based on recommendations from the IPCC (2007). 

85  Major differences between the 2011 and 2012 reports include changing the EGS value for 
forest from $1,484 per hectare to $458 per hectare and combining EGS values for inland and 
coastal wetlands into a single value. 
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2009a), both of which transfer values from other valuation studies to estimate EGS 

values in Canada’s boreal ecosystems.  Unlike Ruth and Gasper, the Anielski study 

estimates EGS for the 7,708-hectare PDA instead of the larger 84,279-ha PEAA.  In 

present value terms, Anielski estimates that the NGP would produce a loss in EGS of 

nearly $18 million (2011 USD) discounted at 5% over a 30-year period.   

There are significant differences between the Ruth and Gasper (2011; 2012) 

studies and the Anielski (2012) study assessing EGS impacted by the NGP (Table 9.13).  

The use of the PEAA by Ruth and Gasper (2011; 2012) instead of the PDA is a major 

difference between the two studies and one of the main reasons for the difference in 

EGS values.  The PEAA uses a one km corridor as the maximum area where project 

effects can be measured whereas the PDA uses a 50-metre corridor that includes 25 

metres of pipeline right-of-way and 25 metres of workspace for construction of the 

pipeline.  Another significant difference between the estimates is found in the EGS 

values for forests and wetlands.  Ruth and Gasper (2012) estimate EGS values for 

forests and wetlands of $458 and $6,124 per hectare, respectively, based on peer-

reviewed scientific literature.  Conversely, Anielski estimates per hectare EGS values of 

$48 for forests and $1,364 for wetlands based on reports completed by Anielski and 

Wilson (2009b; 2009a).  It is unclear how Anielski (2012) uses values from the Anielski 

and Wilson (2009b) study estimating EGS values of a Northern boreal ecosystem in the 

Mackenzie region since the values differ significantly between the studies.  For example, 

Anielski and Wilson (2009b) use an EGS value for wetlands of $6,687 (2005 CAD) per 

hectare per year compared to $1,364 per hectare per year from Anielski (2012).  

Similarly, Anielski and Wilson (2009b) use an EGS value for forests of $869 (2005 CAD) 

per hectare per year compared to the estimate of $48 (2011 USD) per hectare per year 

in Anielski (2012)86.  A third difference between the studies is a disagreement on the 

amount of carbon dioxide sequestered in the project area.  Ruth and Gasper rely on 
 
86  I acknowledge that EGS values from Anielski and Wilson (2009a) are similar to estimates 

from Anielski (2012) for the NGP for forests ($51 in 2002 CAD per hectare per year) and 
wetlands ($1,188 in 2002 CAD per hectare per year).  However, EGS values in Anielski and 
Wilson (2009a) range up to $3,509 (2002 CAD) per hectare per year for forest values and 
$2,781 (2002 CAD) per hectare per year for wetland values. 
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peer-reviewed scientific literature to estimate that EGS disrupted by the NGP would 

contribute over 300,000 tCO2e every year due to the loss of climate regulation services 

from forestry, grasslands, and wetlands.  Alternatively, Anielski (2012) estimates carbon 

sequestration losses of only 23,000 tCO2e based on net biomass productivity data for 

the NGP PDA87.  Anielski (2012) estimates a lower loss of carbon sequestration services 

associated with the removal of forest cover because the author claims that the majority 

(94%) of the PDA is situated in areas in which logging would take place in any event, 

such as Forest Management Areas, tree farm licenses, community forests, and Timber 

Supply Areas.  

Table 9.13. Comparison of EGS Studies (in 2011 USD) 

Category Ruth and Gasper 
(2011) 

Ruth and Gasper 
(2012) 

Anielski            
(2012) 

Impact area (hectares) 84,279 7,706 
Average EGS value (per hectare) $1,584 $1,129 $178 
Present Value of EGS damages (millions) $2,100 $1,462 $18 
Annual carbon sequestration lost (tCO2e) 303,107 22,795 
Average carbon price (per tonne) $17 $20 
Source: Adapted from Anielski (2012).  Note: All dollar figures are in 2011 USD; Present Value of EGS 
damages represent total value of damages over a 30-year period discounted at a 5% discount rate. 

To incorporate EGS values into the MABCA for the NGP, I rely on findings from 

Ruth and Gasper (2011; 2012) and Anielski (2012) to estimate loss of EGS values 

caused by the NGP although I make several adjustments to both studies.  First, I update 

the Ruth and Gasper (2011; 2012) studies to reflect a higher social cost of carbon of $73 

per tonne from Tol (2011)88.  Second, I estimate EGS damages from Ruth and Gasper 

 
87  According to Anielski (2012), net biome productivity is a methodological approach that 

assesses carbon sequestration of existing timber by accounting for the net source and sink of 
carbon in a particular area such as the PDA. 

88  Note that I do not adjust the cost of carbon in the Anielski (2012) study that represents the 
low value estimate in Table 9.14 since the $20 per tonne carbon cost used in the study 
represents a lower bound value compared to the $73 per tonne based on Tol (2011). 
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(2012) based on the PDA instead of the PEAA in order to compare their results with 

those of Anielski (2012).  However, the PEAA remains an upper bound estimate of EGS 

losses since project impacts may occur in this larger area.  Third, I adjust all three 

studies to 2012 CAD.   

Based on the aforementioned adjustments, EGS losses from construction of the 

NGP pipelines and Kitimat Terminal range from a low value of $8 million based on 

Anielski (2012) to a high value of $707 million for the PEAA based on the Ruth and 

Gasper (2011) study (Table 9.14).  The large range suggests that there is a high degree 

of uncertainty associated with the value of EGS damages from the NGP and that 

different data inputs and assumptions produce very different results.  The base case of 

NPV $52 million in EGS costs represents adjusted values from Ruth and Gasper (2012) 

since the Ruth and Gasper studies develop EGS values from a comprehensive and 

documented review of peer-reviewed scientific literature.  I note that the EGS values for 

forests and wetlands in the Ruth and Gasper (2012) study are included in the range of 

EGS values in the studies (Anielski and Wilson 2009b; 2009a) from which the Anielski 

(2012) study derives its EGS values.  The base case also uses the smaller PDA instead 

of the PEAA since the PDA represents the area around the pipeline right-of-way where 

impacts are most likely to occur.  I use the PEAA in the upper bound estimate since it 

represents the maximum area where projects impacts could occur.  Further, I 

incorporate adjustments to the Ruth and Gasper studies that include a higher social cost 

of carbon of $73 per tCO2e based on Tol (2011).  Studies from Ruth and Gasper (2011; 

2012) and Anielski (2012) omit several types of EGS damages including sociocultural 

impacts, passive use damages, impacts to rare plants, wildlife mortality, and water 

pollution, among others.  Thus EGS damages caused by construction of the pipelines 

and Kitimat Terminal may be higher than those presented in Table 9.14. 
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Table 9.14. Damage Costs to Ecosystem Goods and Services from Construction 
of Pipelines and Kitimat Terminal 

Ecosystem Good or 
Service 

NPV at 8% (in millions) 
Low Value Base Case High Value 

Forest (2) (19) (189) 
Wetlands (4) (16) (344) 
Grasslands (2) (1) (6) 
Tourism  See Note See Note (<1) 
Salmon Habitat See Note See Note (<1) 
Carbon Sequestration (<1) (17) (167) 
Total (8) (52) (707) 
Source: Computed from Ruth and Gasper (2011; 2012); Anielski (2012).  Note: Anielski (2012) includes 
EGS estimates for recreation and food production in each category for forests, wetlands, and grasslands 
and thus does not provide separate EGS values for tourism and salmon; Areas within the PDA where EGS 
values for tourism and salmon could be affected are unknown and thus I omit these values from the 
analysis. Low Value = EGS based on Anielski (2012); Base Case = Adjusted EGS for PDA based on Ruth 
and Gasper (2012); High Value = EGS for PEAA based on Ruth and Gasper (2012).  

9.3.3.4. Operational Spills 

Spills from tanker and pipeline operations represent a potentially significant cost 

associated with the NGP.  To incorporate spill costs for the NGP into the MABCA, I 

estimate an expected value whereby the cost of a spill is the product of the average spill 

size, the probability of an average spill, and spill costs related to clean up and 

environmental and socioeconomic damages.  This approach is consistent with CBA 

theory (Zerbe and Bellas 2006; Boardman et al. 2011) and was the approach that WM 

(2012) used in the NGP regulatory application.  As will be discussed below, estimation of 

spill costs and spill likelihood are among the most challenging components of the 

MABCA. 

9.3.3.4.1. Tanker Spills 

 I use tanker and terminal spill risk data from WM (2012) to estimate spill 

probabilities for the lower bound value.  WM (2012, p. 77) uses a mitigated annual spill 

probability of 0.004 per year and an average spill size of 56,700 bbl for tanker spills and 

uses an annual mitigated spill probability of 0.0164 and a spill size of 1,575 bbl for 

terminal spills.  WM estimates these values based on the Marine Shipping QRA by 
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Brandsæter and Hoffman (2010) (Table 9.15).  The evaluation in Chapter 7 shows that 

the NGP method for estimating spill risk has numerous deficiencies that result in an 

underestimation of spill risk.  Therefore, I use the US OSRA model to estimate the 

probability of a tanker spill in the base case and high value scenarios89.  As discussed in 

section 8.4.1, I estimate spill probabilities with the OSRA model based on annual project 

throughput of 525 kbpd of oil, 193 kbpd of condensate, and two sets of historical 

worldwide spill data from Anderson et al. (2012).  The first set of data includes worldwide 

tanker spills between 1994 and 2008, which represent the most recent 15 years of data 

and thus reflect modern tanker operations.  The second set of data represents worldwide 

tanker spill rates between 1974 and 2008, which is the complete record of spill data from 

the Bureau of Ocean Energy Management.  Based on worldwide tanker spill data from 

1994 to 2008 and 1974 to 2008 from the OSRA model, I estimate the probability of a 

spill over 1,000 bbl at 0.08 per year and 0.198 per year, respectively.  Anderson et al. 

(2012) estimate average spill sizes of 34,932 bbl for spills ≥ 1,000 bbl that occurred 

between 1994 and 2008 and 95,224 bbl for spills ≥ 1,000 bbl that occurred between 

1974 and 2008.   

Table 9.15. Comparison of Tanker Spill Probability Estimates 

Source Annual Probability (%) Average Spill Size (bbl) 
WM (2012)  0.004 56,700 
OSRA Model (1994-2008) 0.080 34,932 
OSRA Model (1974-2008) 0.198 95,224 
Source: Computed from Anderson et al. (2012); WM (2012).  Note: WM (2012) estimates annual spill 
probabilities and average spill size from Brandsaeter and Hoffman (2010).  The OSRA model estimates 
tanker spills in port and at sea. 

To estimate tanker spill costs on a per bbl basis, I use cost estimates from WM 

(2012) in all scenarios.  It is important to note, however, that the WM estimates may 

 
89  The methodological approach of the OSRA model combines spills that occur in port and at 

sea, which differs from the approach used in the WM CBA that provides separate 
probabilities for tanker and terminal spills. 
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underestimate actual spill costs.  WM relies on studies from Kontovas et al. (2010) and 

Psarros et al. (2009) that estimate the costs of tanker spills using data from the IOPCF.  

Accordingly, WM estimates clean up costs of $15,000 per bbl and uses a 1.5 multiplier 

from Kontovas et al. (2010) to estimate additional environmental and socioeconomic 

costs of $22,500 per bbl.  WM claims that total costs of $37,500 per bbl spilled are 

conservative (i.e. at the upper end of the range) since they represent an upper bound 

estimate that incorporates some of the public safety concerns and risks associated with 

the project.   

There are several weaknesses in the IOPCF data that may result in an 

underestimate of actual spill costs.  First, the cost data from the IOPCF dataset 

represent only the amount of money the IOPCF agrees to compensate claimants and 

this amount is often less than the amount actually claimed in the case of large spills 

(Thébaud et al. 2005)90.  Second, IOPCF payments are limited by maximum pay out 

limits set by the funds and therefore only compensate a portion of total spill damages if 

damages exceed the fund limits91.  Third, IOPFC data excludes several types of damage 

costs including non-market use values and passive use values.  Fourth, tanker spill cost 

data represent world averages that are not adjusted for locational differences in damage 

costs to the environment impacted by the spill.  Costs of spills can vary significantly 

depending on the characteristics of the area impacted, the conditions at the time of the 

spill, the spill response, and the characteristics of the oil spilled (Vanem et al. 2008).  

Officials in the BC Ministry of Environment have stated that the BC government lacks the 

resources to respond to, and clean up, a spill and that the remoteness and weather 

conditions in BC coastal areas could cause clean up delays (Tromp 2013).  It is possible 

that higher clean up and damage costs could be experienced from a NGP spill due to 

 
90  Thébaud et al. (2005) determine that the percentage of compensation claimed from the 

IOPCF compared to compensation actually paid to claimants ranged from 5% to 62% for the 
following six large spills: Amoco Cadiz, Tanio, Aegean Sea, Braer, Sea Empress, and Erika. 

91   For example, victims of the 38,000 tonne (278,500 bbl) Prestige oil tanker spill only received 
€172 million from the 1992 Civil Liability Convention and the 1992 International Oil Pollution 
Compensation Fund, which represented only 2% of the total long-term spill costs (Liu and 
Wirtz 2006). 
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increased oil contamination in the environment.  For these reasons, $37,500 per bbl may 

underestimate spill damage costs. 

Combining the average spill size, spill probability, and spill costs under different 

assumptions produces a wide range of total spill cost estimates (Table 9.16).  Tanker 

spill costs range from $59 million according to WM (2012) to $4.6 billion based on OSRA 

spill data from 1974 to 2008.  The wide range of cost estimates for tanker spills 

demonstrates that total tanker spill costs are very sensitive to spill probability since the 

analysis assumes constant unit spill costs for the low, base, and high cost scenarios.  

For the base case analysis, I use a NPV of $692 million based on spill cost data from 

WM (2012) and the most recent 15 years of OSRA spill data between 1994 and 2008.  

Table 9.16. Tanker Spill Costs 

Type of Spill Cost 
NPV at 8% (in millions) 

Low Value Base Case High Value 
Response and Clean up (24) (277) (1,854) 
Environment and Socioeconomic (35) (415) (2,781) 
Total (59) (692) (4,635) 
Source: Computed from Anderson et al. (2012); WM (2012).  Note: All values use clean up, environmental, 
and socioeconomic spill cost data from WM (2012) of $37,500 per bbl; Low Value = Spill data based on WM 
(2012); Base Case = Spill data based on OSRA 1994-2008; High Value = Spill data based on OSRA 1974-
2008. 

9.3.3.4.2. Pipeline Spills 

To estimate the lower bound expected value for pipeline spills I rely on pipeline 

rupture and leak probability and cost data from WM (2012).  The WM CBA estimates 

separate annual probabilities for oil and condensate leaks (0.249 and 0.248, 

respectively) and oil and condensate ruptures (0.0042 and 0.0037, respectively), as well 

as clean up cost data ranging from $4,000 to $9,000 per bbl and damage costs between 

$800 and $10,000 per bbl based on studies from Etkin (2000; 2004).  I note that the 

exact source of the clean up costs used by WM is unclear.  WM references spill costs 
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developed from the US Environmental Protection Agency’s Basic Oil Spill Cost 

Estimation Model (BOSCEM) by Etkin (2004) but the data in WM (2012, p. 139) are 

consistent with data in an earlier study from Etkin (2000)92.  

For the base case and upper bound values, I use Enbridge’s own historical spill 

data and NGP throughput to estimate the likelihood of pipeline spills for the project.  I 

use data from the Enbridge pipeline system since the data reflect Enbridge’s own 

operations although I note that the data include both newer and older pipelines and thus 

represent average operations.  According to historical spill data ENGP submitted to the 

regulatory review process for the NGP, a total of 608 reportable spills occurred on the 

Enbridge Liquids Pipeline System between 2002 and 2010 releasing a total of 98,350 

bbl, or an average of 162 bbl per spill (ENGP 2011d).  Based on Enbridge’s spill rate 

data for its liquid pipeline system and proposed shipments of 525 kbpd of crude oil and 

193 kbpd of condensate for the NGP, I estimate that 15 or more pipeline spills could 

occur from the NGP in any given year.  Enbridge’s historical average spill volume data 

suggests that 15 spills could release a total 2,512 bbl of oil and condensate per year 

once the NGP becomes operational.  

To estimate unit costs for pipeline spills, I use the BOSCEM from the US 

Environmental Protection Agency.  The BOSCEM forecasts spill response, 

environmental, and socioeconomic costs using historical oil spill case studies (Etkin 

2004).  The calculation of oil spill damage costs based on BOSCEM is a complex 

undertaking involving numerous adjustment factors based on spill size, type of oil, type 

of clean up and characteristics of the environment impacted.  To estimate spill costs for 

the NGP, I use a range of cost estimates from the BOSCEM to check the effects of 

different assumptions related to any of the environmental, social, and cultural values 

potentially affected by a spill.  I acknowledge that optimal application of the BOSCEM to 

the NGP requires adjusting damage cost factors for each segment of the NGP route to 

adjust for cost determining factors.  However, I have not completed such an analysis.   
 
92  The WM CBA uses $19,815 per tonne (1999 USD or $3,686 2012 CAD per bbl) as its base 

cost, which is the North America average for spill costs prior to 2000 from Etkin (2000).   
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The BOSCEM estimates a wide range of spill costs on a per bbl basis.  Total 

costs for heavy oil spills range from a low value of $4,688 to a high value of $42,882 per 

bbl, with a default value of 18,323 per bbl.  Total costs for condensate spills range 

between $777 and $9,627 per bbl, with a default value of $3,643 per bbl.  I selected 

these spill costs to match the average spill size for liquid pipeline releases from the NGP 

since the BOSCEM provides different spill cost estimates dependent on spill volume.  I 

note that these estimates of pipeline spill costs are particularly low compared to actual 

clean up costs of over $51,700 per bbl for dilbit released from the Enbridge Line 6B 

pipeline spill in Michigan93.  A potential explanation for this discrepancy is that the 

pipeline spill costs from BOSCEM represent clean up and damage costs for crude oil, 

not dilbit, which resulted in much more expensive clean up efforts due to submerged oil 

in the Kalamazoo River (Alberts 2011).  The resulting total pipeline spill costs for my 

MABCA range from NPV $22 million based on WM (2012) to NPV $560 million based on 

frequency and volume data from the Enbridge Liquids Pipeline System and upper bound 

spill cost data from the BOSCEM (Table 9.17).  The base case of NPV $237 million 

represents spill costs using default values from the BOSCEM and spill data from the 

Enbridge Liquids Pipeline System. 

Table 9.17. Pipeline Spill Costs 

Type of Spill Cost 
NPV at 8% (in millions) 

Low Value Base Case High Value 
Response and Clean up (15) (101) (188) 
Environment and Socioeconomic (7) (136) (372) 
Total (22) (237) (560) 
Source: Computed from Etkin (2004); ENGP (2011d).  Note: Low Value = Spill cost and probability data 
from WM (2012); Base Case = Spill data from Enbridge and default costs from BOSCEM; High Value = Spill 
data from Enbridge and upper bound costs from BOSCEM.   

 
93  Based on clean up and remediation costs of $1.039 billion (Enbridge 2013b) and a spill size 

of 843,444 gallons from NTSB (2012). 
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In summary, spill costs from tanker and pipeline operations over the life of the 

NGP could be significant (Table 9.18).  Indeed, combined spill costs range from a low 

estimate of $81 million based on the WM CBA to a high estimate of nearly $5.2 billion.  

For the base case, I estimate $929 million in total spill costs over the 30-year operating 

life of the NGP of which tanker spill costs represent the majority (74%). 

Table 9.18. Total Operational Spill Costs 

Type of Spill Cost 
NPV at 8% (in millions) 

Low Value Base Case High Value 
Tanker (59) (692) (4,635) 
Pipeline (22) (237) (560) 
Total (81) (929) (5,195) 

9.3.3.5. Passive Use Damages 

Passive use values reflect the monetary worth that people ascribe to the 

protection or preservation of resources that they will never use (Kramer 2005).  A decline 

in the existing conditions of resources underlying passive use values can be measured 

by the amount an individual would be willing to pay to prevent the loss or the amount an 

individual would be willing to accept in compensation to incur the loss.  In the valuation 

of potential environmental losses, WTA compensation for the loss may be a more 

appropriate measure of value than WTP to prevent the loss.  Determining which 

measure is appropriate depends on the reference point that individuals use to value the 

underlying good or service (Knetsch 2005; Zerbe and Bellas 2006; Shaffer 2010).  

Knetsch (2005) argues that the appropriate measure of value to use in CBA depends not 

on legally defined property rights but on individual perceptions of entitlement associated 

with changes affecting the availability of public goods.  In this sense, if individuals regard 

the reference point for valuing public goods as the current conditions of the resource, a 

decrease in current conditions should be measured by the amount of compensation 

individuals would be willing to accept for the loss, whereas any improvement in current 

conditions should be measured by the amount individuals would pay for the gain 

(Knetsch 2005; Shaffer 2010).  For an oil spill, the logical reference point is the status 

quo prior to the spill, or the absence of a spill in the study region, and thus the loss in 

welfare from a spill should be measured by the compensation individuals would require 
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in order to accept the adverse impacts of a spill (Knetsch 2005).  Carson et al. (2003) 

agree that WTA compensation for an environmental loss from a spill represents a more 

appropriate measure of value than WTP to prevent a loss.     

 Although WTA is a more appropriate measure of passive use damages from oil 

spills than WTP, I use WTP to avoid a tanker spill in the base case of my MABCA for the 

NGP in order to be conservative.  To estimate passive use values for the NGP, I rely on 

existing studies estimating WTP to prevent oil spills and adjust WTP estimates to reflect 

WTA compensation for a spill in a sensitivity analysis.  Although the conventional 

assertion was that individuals value gains and losses the same (Willig 1976; Diamond et 

al. 1993), empirical evidence indicates that an individual’s WTA compensation for a 

change that is perceived as a loss is substantially larger than an individual’s WTP to 

prevent the loss (Rutherford et al. 1998; Horowitz and McConnell 2002; Knetsch 2005).  

Horowitz and McConnell (2002) evaluated 45 studies with WTA/WTP ratios and found 

that WTA values were 10.4 times higher than WTP values for public or non-market 

goods.  Therefore I adjust WTP estimates with this WTA/WTP ratio and complete a 

sensitivity analysis with the lower bound WTP and upper bound WTA estimates in the 

low and high environmental costs scenarios, respectively.  

I estimate passive use values for the NGP using benefit transfer methodology 

and two studies estimating WTP to prevent oil spills in Alaska and California.  The first 

study completed by Carson et al. (1992), and updated by Carson et al. (2003), estimates 

that US residents would be willing to pay between $4.9 and $7.2 billion (1991 USD) to 

prevent another oil spill similar to the Exxon Valdez disaster94.  In the ex ante contingent 

valuation study, Carson et al. (1992; 2003) asked respondents across the US how much 

they would pay in the form of a one-time federal tax to implement a program that would 
 
94  The Exxon Valdez ran aground on Bligh Reef on March 24, 1989 releasing 258,000 bbl of 

crude oil that contaminated 1,900 km of shoreline and spread over 750 km from the point of 
impact.  The EVOS caused short- and long-term impacts to marine vegetation, marine 
invertebrates, fish and fish habitat, marine birds, marine mammals, the regional economy, 
and subsistence activities of Alaska natives (EVOSTC 2010).  As of 2010, 19 of the 32 
environmental and human resources injured by the EVOS have yet to recover (EVOSTC 
2010). 
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prevent a possible second EVOS over the next ten years.  In order to provide a concrete 

illustration of measures that could be implemented to make the contingent valuation 

study plausible to the survey respondents, the survey describes an escort ship program 

whereby Coast Guard ships would escort tankers through Prince William Sound.  The 

Carson et al. (1992) study is widely considered among the most sophisticated contingent 

valuation studies for assessing damages to non-use natural resources (ARI 1993).  It is 

based on methodological best practices that withstood the scrutiny of the courts and 

independent experts95.  

The second contingent valuation study from Carson et al. (2004) estimates the 

amount that households in California would be willing to pay to prevent oil spills along 

the California Coast96.  Similar to the EVOS study, this ex ante investigation asked 

respondents how much they would pay for a one-time tax to implement a ship escort 

program that would prevent/contain oil spills over the next ten years until all tankers 

have double-hulls.  The California oil spill (COS) study also implemented methodological 

best practices similar to the EVOS study that include a comprehensive pretesting phase 

and pilot study, probability sampling to represent the California population, the use of in-

person interviews, visual aids refined during the pretesting phase, and the use of 

advanced statistical techniques to evaluate WTP.  

 
95  Best practices include a comprehensive pretesting program to refine the survey instrument, 

rigorous probability sampling to capture a representative sample of the US population, in-
person interviews, double-bounded discrete choice WTP questions, detailed description of 
the program inclusive of photographs and maps, and checks of respondents to ensure their 
comprehension (Carson et al. 2003).  The courts and independent experts scrutinized the 
study’s results and the study underwent the peer review process for refereed publications 
when it was published in Environmental and Resource Economics in 2003. 

96  Carson et al. (2004) do not define the volume of oil spilled in the COS study in order to focus 
on the damage that the spill would cause.  Instead, the authors provide a description to 
survey respondents of the spill effects resulting from the harm that is expected to occur from 
moderately large spills along the California Coast.  Carson et al. (2004) avoid mentioning the 
EVOS in the survey to prevent respondents from answering questions with the belief that 
they were valuing spill prevention from a spill the size of the EVOS, not comparatively smaller 
spills along the California Coast. 
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The EVOS and COS studies determine similar estimates for the amount 

individuals would be willing to pay to prevent an oil spill.  The EVOS study by Carson et 

al. (2003) estimates a lower bound Turnbull mean WTP value of $53.60 per household 

and an upper bound value of $79.20 (both in 1991 USD).  The COS study by Carson et 

al. (2004) estimates a lower bound Turnbull estimate of $76.45 (in 1995 USD).  Adjusted 

for inflation to 1995, the EVOS WTP estimates range between $59.98 and $88.62, which 

includes the COS study estimate of $76.45.  The underlying populations are an 

important distinction between the EVOS and COS studies (Table 9.19).  The EVOS 

study evaluates WTP for US households while the COS study evaluates WTP for 

California households and so the populations represented in the studies are different. 

Table 9.19. Comparison of EVOS and COS Studies 

Study Feature EVOS Study COS Study 
Spill location South Central Alaska Coast Central California Coast 

Spill prevention 
mechanism 

Escort ship program that would 
prevent a second EVOS over the next 
10 years 

Escort ship program that would 
prevent cumulative damage from oil 
spills along the California Central 
Coast over the next 10 years 

Description of injuries 
from a spill 

1,000 miles of shoreline oiled 
75,000 to 150,000 bird deaths 
580 otters and 100 seals killed 
2 to 5 year recover period 

10 miles of shoreline oiled 
12,000 bird deaths 
Many small plants and animals killed 
10 year recovery period 

Payment vehicle One-time increase in federal income 
taxes 

One-time increase in state income 
taxes 

Residents sampled United States California 
Source: Adapted from Carson et al. (2004). 

I use benefit transfer to estimate Canadians’ WTP to prevent an oil spill on the 

BC Coast.  Transferring values from one study area to another is a widely-used and 

accepted methodological approach when there is insufficient time and resources to 

complete an original valuation study (Brouwer 2000; Boardman et al. 2011).  Selecting 

the study site from which to transfer values to the policy site is an important step in 

benefit transfer methodology to reduce transfer error (Boyle and Bergstrom 1992; 

Desvousges et al. 1992).  Values should be obtained from studies that rely on adequate 

data, sound economic methods and correct empirical techniques (Desvousges et al. 
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1992).  Further, the study and policy site should have similar characteristics 

(Desvousges et al. 1992) and the non-market commodity valued at the study site should 

be identical to the policy site (Boyle and Bergstrom 1992).  The EVOS study by Carson 

et al. (2003) is an ideal study from which to transfer passive use values for the NGP.  

The EVOS study uses methodological best practices, measures WTP to prevent a spill, 

which is also the non-market commodity of interest to measure passive use values for 

the NGP, and the study area has similar biophysical and socioeconomic characteristics 

to those of the NGP area. 

I transfer passive use values from the EVOS study that determines household 

WTP values at a national scale in the US since the NGP is a federal-level project that 

has national implications in Canada97.  Based on these transferred values, I estimate 

that Canadian households could value passive use values between $1.2 and $18.5 

billion (2012 CAD).  The base case value of $1.2 billion reflects the lower bound WTP 

value from Carson et al. (2003) (Table 9.20).  For the high value estimate, I adjust the 

upper bound WTP value from Carson et al. (2003) with the WTA/WTP ratio of 10.4 from 

Horowitz and McConnell (2002).  This adjustment results in an estimate of the WTA an 

environmental loss from a tanker spill of $18.5 billion (2012 CAD). 

Table 9.20. Potential Passive Use Damages from a Tanker Spill 

Type of Cost 
Cost (in millions) 

Base Case High Value 
Passive Use Damages (1,204) (18,513) 
Source: Computed from Carson et al. (2003); Statistics Canada (2012a); BOC (2013); USBLS (2013).  
Note: Base Case = Lower bound WTP value based on Carson et al. (2003); High Value = Upper bound 
WTA value based on Carson et al. (2003). 

There are several qualifications to including this assessment of passive use 

values from the EVOS into a MABCA for the NGP.  First, the calculations of passive use 
 
97  I adjust lower and upper bound WTP values from the Carson et al. (2003) study for inflation 

(USBLS 2013), convert USD to CAD (BOC 2013), and aggregate the results to reflect the 
number of households in Canada in 2011 (Statistics Canada 2012a). 
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values are mainly just illustrative, as they reflect the values, morals, and attitudes of 

American society after the EVOS and are based on WTP values to prevent a major oil 

spill in Alaska not BC.  Nonetheless, transferring values from other jurisdictions provides 

an approximate measure of passive use values in the absence of an original valuation 

study for the BC coast.  Evidence suggests that there is little difference among different 

value transfer methodologies and that simple benefit transfer methods, such as that 

used herein, may actually be more accurate than more complex methods when 

transferring values across similar sites (Ready et al. 2004; Brouwer and Bateman 2005).  

Second, I do not adjust WTP values transferred from Carson et al. (2003) for higher 

median household incomes in Canada even though Carson et al. (2003) observe a 

strong association between higher incomes and a higher WTP to prevent another EVOS.  

Median household income in Canada in 2012 is 24% higher than the inflation-adjusted 

median household income in the US in 199098.  Third, both surveys used in the EVOS 

and COS studies are structured in a way that asks respondents what they would be 

willing to pay to reduce oil spill damages from the current likelihood to zero risk of 

damage.  Therefore, respondents provided a WTP estimate that does not need to be 

adjusted for the likelihood of spill occurrence.  Although respondents were provided with 

some information on the likelihood of spills, it is unclear how respondents perceived 

probabilities of spill damages with and without the spill damage prevention measures for 

which they were asked to pay.  Fourth, the original EVOS study did not estimate 

individuals’ WTA compensation for an environmental loss from a spill and I estimate 

WTA values based on the WTA/WTP ratio for public goods from Horowitz and 

McConnell (2002).  The WTA compensation for passive values for oil spills could be 

higher or lower than my estimate based on the relationship between WTA and WTP 

observed by Horowitz and McConnell (2002).  Fifth, Carson et al. (2003) characterize oil 

 
98  According to US census data, the median US household income in 1990 was $29,943 

($52,573 in 2012 USD) (USBC 1992).  The latest available Canadian census data (2011) 
shows a median household income of $64,730 ($65,268 in 2012 USD) (Statistics Canada 
2013b) or 24% higher than the inflation-adjusted US household income at the time of the 
EVOS.  Given the higher household incomes in Canada it is possible that Canadians would 
be willing to pay more to protect the BC coast from an oil spill compared to the EVOS study.  
Furthermore, opposition to the project may further increase household WTP to prevent a spill. 
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spill damages as short term in their survey.  In the EVOS study, the description of the 

effects of an oil spill that would occur in the absence of a program to prevent oil spill 

damages states that the environment would recover within 5 years (Carson et al. 2004, 

p. 194).  The research shows, in fact, that the environment has not recovered.  

According to the EVOSTC (2010), only 10 of the 32 environmental and human resource 

categories monitored have recovered 20 years after the oil spill.  Given that potential, 

passive use damages from an NGP oil tanker spill could persist longer than stated in the 

EVOS study survey based on the EVOS actual recovery rates, passive use damages 

could be higher than those estimated by Carson et al. (2003).  Sixth, there are no 

passive use damage costs calculated for terrestrial pipeline spills along the proposed 

right-of-way and thus total passive use damages for the NGP would be higher with the 

inclusion of passive use values for terrestrial pipeline spills.  Seventh, I assume that only 

Canadians hold passive use values for the region potentially impacted by a NGP tanker 

spill.  While this is consistent with the scope of the MABCA that gives standing to 

Canadians, citizens outside Canada may be willing to pay to prevent a tanker spill on the 

west coast of BC, which would further increase passive use values. 

9.3.4. Sociocultural Account 

The sociocultural account identifies community, cultural, and social externalities 

from a project (Shaffer 2010).  Due to difficulties estimating monetary values of social 

externalities, this account primarily consists of descriptions and indicators that 

characterize the nature and significance of potential impacts to affected individuals 

(Shaffer 2010).  I illustrate potential social costs of the NGP related to conflict, 

subsistence harvests, and psychological stress as a result of an oil spill.  In section 9.4, I 

discuss distributional effects, which are important to capture in MABCA. 

9.3.4.1. Conflict and Opposition 

The cost of major conflict over the building of the NGP as a result of opposition to 

the project is a potential social cost that is difficult to value monetarily.  A national survey 

of 3,000 respondents conducted by Abacus Data in 2012 asked Canadians a series of 

questions about Northern Gateway and the Alberta oil sands (Abacus 2012).  In 

response to the question of whether they support or oppose the NGP based on their 

knowledge of the project, 56% of respondents in BC stated they oppose the NGP (40% 
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strongly oppose) and only 24% stated they support the project (Abacus 2012).  These 

survey results show that British Columbians do not support the NGP despite the $6.7 to 

$8.6 billion in tax revenues that ENGP claims the Province and its residents could 

receive if the project was approved.  The survey results also suggest that the spill risk 

that British Columbians attach to the project could exceed the benefits that the Province 

of BC would receive from the NGP.  I caution, however, that it is not clear what measure 

the majority of British Columbians are using to define the benefits and risks of the NGP 

in their assessment of the project.   

The public further voiced their opposition to the NGP in the Community Hearings 

during the regulatory review process.  Members of the public registered in numerous 

cities in AB and BC to provide an oral statement to the JR Panel about the NGP.  Based 

on my evaluation of the nearly 1,200 people that made an oral statement to the JR 

Panel, I estimate that the overwhelming majority (96.3%) of individuals made statements 

in opposition to the NGP99 (Figure 9.2).  Only 0.2% of people who made an oral 

statement during the Community Hearings voiced support for the project.  

 
99  I evaluated and categorized each of the 1,174 oral statements made by individuals to the JR 

Panel into the following categories: (1) positive statement in support of the project; (2) neutral 
statement that neither supports nor opposes the project; and (3) negative statement in 
opposition of the project.  In cases where an individual’s statement did not directly 
support/oppose the project, a positive/negative statement related to the project was taken as 
support/opposition.  For example, individuals mentioning the negative impacts of oil spills that 
did not explicitly state that they opposed or supported the project were categorized in (3).  
Similarly, if an individual made both positive and negative statements about the project 
without an explicit statement of position for or against the NGP, these oral statements were 
categorized as neutral.  I note that the JR Panel references 1,179 oral statements (ENGP 
JRP 2013e) and acknowledge the discrepancy with the 1,174 oral statements that I reviewed. 
Although I am unsure of the nature of the discrepancy, I note that the sample I reviewed is 
representative at 99.6% of the 1,179 oral statements. 
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Figure 9.2. Summary of Oral Statements in the NGP Community Hearings 

 
Source: Computed from ENGP JRP (2012-2013). 

Due to the controversial nature of the NGP, there is strong opposition to the 

project that will likely manifest itself in legal actions and other activities to oppose the 

NGP including physical blockades (Gerson 2012).  Indeed, there have been several 

protests to date in BC opposing the NGP (CBC 2011; 2012c; Saxifrage 2012).  

Furthermore, the current BC government has stated that it will oppose the project unless 

the benefits are increased and the risks are reduced, while the BC official opposition 

party has stated that it rejects the project (CBC 2012b).  Trying to build a major project in 

such a conflicted environment may result in significant costs in the form of both direct 

costs associated with resolving disputes and indirect costs resulting from impairment of 

Canada’s international reputation.  Although none of these potential costs are included 

as monetary values, they are potentially significant. 

9.3.4.2. Reduction in Subsistence Activities 

A reduction in subsistence harvest as a result of a marine or terrestrial oil spill 

represents a potentially significant sociocultural impact to First Nations in the spill-

affected region.  The traditional lifestyle and culture of First Nations living on the BC 

Coast depend on an abundance of marine food resources within the proposed NGP 

project area.  Marine resources harvested from traditional territories provide food, 

medicine, fuels, building materials, and resources for ceremonial and spiritual purposes 
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(Cripps 2011).  Fishing for food, social, and ceremonial purposes is a defining cultural 

practice of the traditional First Nations lifestyle that has preserved close relationships 

throughout their territories and sustained the social structure of their communities 

(Cripps 2011).  Food harvested from the sea is consumed, sent to relatives, traded with 

other First Nations, used for luncheons, informal gatherings, and formal ceremonial 

events such as feasts and potlatches (Cripps 2011).  

Although it is difficult to monetize costs associated with losses from reduced 

subsistence harvest, the EVOS is instructive on the potential impacts to subsistence 

harvests in Native communities impacted by a tanker spill.  The EVOS caused 

considerable long-term disruption to the economic, cultural, and social infrastructure 

provided by traditional subsistence harvests.  The EVOS had immediate impacts on the 

production and sharing of subsistence harvests in households of many Alaska Natives 

(Fall et al. 2001).  Subsistence harvests were disrupted from both real and perceived 

contamination of resources, concerns over current and future scarcities of wild foods 

(Fall et al. 2001), and increased physical presence of people following the spill as clean 

up workers, government representatives, and reporters came to Prince William Sound 

(Miraglia 2002).  These disruptions are associated with an estimated reduction in the 

production of wild food volumes by an average of 50% in spill-affected communities 

during the year of the spill (Fall et al. 2001).  Sharing of wild foods was negatively 

impacted in most of the spill-affected regions, as the number of resources received per 

household and the number of resources given away per household declined in the first 

year after the spill (Fall et al. 2001).  The EVOS also had long-term impacts on 

subsistence harvests.  Although subsistence harvests eventually returned to near pre-

spill levels 14 years after the spill in 2003, there was a change in the composition of 

harvest.  Native communities in the spill-affected region increased the proportion of fish 

harvested in comparison with marine mammals in the first few years following the spill 

due to the reduced number of marine mammals and the perception that mammals were 

contaminated and unsafe to eat (Fall et al. 2001). 

Although Alaska Natives received compensation for lost subsistence harvest, it is 

unclear whether the compensation was adequate.  It is also unclear whether 

communities affected by a NGP spill would receive adequate compensation for similar 

sociocultural damages.  Unlike EVOS damages that were disputed in US courts, the 
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current compensation scheme for oil pollution damages in Canada consists of domestic 

law combined with several international conventions.  Under the four-tier system, the 

total amount available for clean up, compensation, and natural resource damages is 

limited to approximately $1.5 billion (2012 CAD)100 and claims for non-markets costs are 

not accepted under the IOPCF system (Thébaud et al. 2005). 

9.3.4.3. Psychological Impacts to Spill-Affected Communities 

Another potential negative sociocultural impact from the NGP is psychological 

stress caused by the disruption of traditional and cultural practices resulting from an oil 

spill.  The EVOS illustrates the potential psychological impacts of a NGP tanker spill on 

Native communities in the spill-affected region.  After the EVOS, Alaska Natives endured 

psychological stress from the disruption of sociocultural practices, wage employment, 

and intergenerational transfer of knowledge (Palinkas et al. 1993; Fall 2006).   

Psychological stress resulting from the disruption of sociocultural systems was 

common in EVOS communities.  A study by Palinkas et al. (1993) found that, among 

Alaskan Natives, exposure to the oil spill was significantly associated with the post-spill 

prevalence of generalized anxiety disorder, and an increase in drinking, drug abuse, and 

domestic violence.  According to the authors, consequences of rapid sociocultural 

change, such as those documented after the EVOS, are typically associated with the 

breakdown of traditional behavioural patterns and long-term uncertainty of 

consequences from the spill.  
 
100  Compensation figures under the Civil Liability Convention, the 1992 Fund, and the 

Supplementary Fund are units of account known as Special Drawing Rights, which are 
defined by the International Monetary Fund (Boulton 2010).  According to the Marine Liability 
Act (S.C. 2001, c. 6), the maximum number of Special Drawing Rights under each tier is: Civil 
Liability Convention (89,770,000 SDR); the 1992 Fund (203,000,000 SDR); and the 
Supplementary Fund (750,000,000 SDR).  As of 28 December 2012, 1 SDR is equivalent to 
$1.52954 CAD (IMF undated).  Thus the maximum compensation available from the IOPCF 
is $1.15 billion (2012 CAD).  The limit of liability and compensation under the Ship-source Oil 
Pollution Fund was $159,854,965 for the fiscal year commencing 1 April 2012 (SOPF 2012), 
although Transport Canada announced in May 2014 that it would remove the cap on the 
Ship-source Oil Pollution Fund thereby increasing the amount available in the event of an 
incident to nearly $400 million (Gordon 2014).  Therefore the maximum total compensation 
from the IOPCF and Ship-source Oil Pollution Fund is $1.5 billion (2012 CAD). 
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Another source of psychological stress was the conflict created among many 

Alaska Natives that sought wage-employment in clean up activities (Palinkas et al. 

1993).  A post-spill adaptation strategy for many households in Native villages affected 

by the spill was to acquire wage-employment in the industrial economy, which enabled 

Natives to offset declines in subsistence harvests with food purchased from local stores 

(Palinkas et al. 1993).  Although high incomes were reported during the EVOS clean up, 

employment in clean up activities likely contributed to changes in traditional social 

relations within Native communities and created greater social differentiation related to 

income disparities (Palinkas et al. 1993). 

Further, Alaska Natives perceive long-term cultural effects from the EVOS, 

particularly with regards to the transfer of intergenerational knowledge (Fall 2006).  After 

the EVOS, there was a concern that the spill disrupted opportunities for young people to 

learn about cultural practices and techniques.  Indeed, there was a fear that this 

disruption could lead to a loss of knowledge for future generations (Fall 2006).  When 

asked about their traditional lifestyle in a 2004 survey, 72% of Alaskan Natives surveyed 

stated that their traditional way of life had not recovered from the effects of the oil spill 

(Fall 2006). 

9.3.5. Summary 

The NEB criterion for project approval requires the project to be in the public 

interest.  The base case results show that the NGP would reduce social welfare by over 

$3.4 billion (Table 9.21), which suggests that the project is not in the public interest.  The 

results in Table 9.21 are conservative since they overestimate crude oil supply based on 

the CAPP forecast, underestimate takeaway capacity from the WCSB by omitting rail 

shipments and the 1.1 mbpd Energy East pipeline, overestimate government revenues 

from property taxes, and omit several significant environmental and sociocultural 

impacts due to the inability to monetize these costs.  To illustrate the general effect of 

non-monetary impacts on the NPV of the project, I include a qualitative assessment of 

non-monetary impacts using a “–“ to demote a cost and “ + ” to denote a benefit.  The 

results in Table 9.21 ignore distributional effects of the NGP to various stakeholder 

groups, which I evaluate in section 9.4. 
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Table 9.21. Results of Multiple Account Benefit Cost Analysis (Base Case) 

Account Impact NPV at 8%   
(in millions) 

Financial 

Project Development (800) 
Cost of Surplus Capacity (725) 
Oil Price Uplift to Crude Oil Producers 0 

Financial Account Total     (1,525) 

Economic 
Activity 

Employment Benefit 0 
Government Revenue from Sales, Fuel, and Income Tax Payments 0 
Government Revenue from Property Tax Payments 427 

Economic Activity Account Total 427 

Environmental 

Air Pollution (60) 
Project Greenhouse Gas Emissions (153) 
Ecosystem Goods and Services (52) 
Operational Oil Spills (929) 
Passive Use Damages from Spills (1,204) 
Non-monetary Air Pollution 
• Impacts from hazardous air pollution emissions  

- 

Non-monetary Ecosystem Damages  
• Impacts to rare plants, wildlife mortality, and water pollution 

- 

Non-monetary Spill Costs 
• Impacts to non-market use values from a tanker spill 

- 

 Environmental Account Total (2,398) 

Sociocultural 

Conflict and Opposition 
• 56% of British Columbians oppose NGP; 40% strongly oppose 

- 

Loss of Subsistence Use 
• Spill impacts that affect the production and sharing of subsistence harvests  

- 

Psychological Stress 
• Disruption to cultural practices and intergenerational transfer of knowledge 

- 

Sociocultural Account Total - 

Overall NPV (3,496) 
Note: A “ – “ represents a cost and a “+” represents a benefit.   
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The results of the sensitivity analysis show that the NGP imposes a net cost to 

Canadians in each scenario.  The various sensitivity analyses range from a NPV of over 

($1.4) billion for the scenario that uses a 3% discount rate to over ($25.8) billion for the 

scenario with higher environmental costs (Table 9.22).  This range illustrates the 

importance of environmental costs to the change in net social welfare created by the 

NGP.  Another consideration is that the sensitivity analysis does not evaluate all 

combinations of independent parameters to assess the simultaneous effects of changing 

multiple variables on the base case NPV.  For example, a possible combination might 

include a scenario that combines higher capital expenditures with a lower supply volume 

that is discounted at a 3% social discount rate.  Thus depending on the combination of 

changes to input parameters, the range of potential values for the NGP could exceed 

$25.8 billion in net social costs.  

Table 9.22. Summary of the Results of the Sensitivity Analysis 

Scenario NPV (in millions) Change from Base Case 
(in millions) 

3% Discount Rate (1,452) +2,044  
Low Environmental Costs (2,427) +1,069  
+10% Supply (2,771) +725  
5% Discount Rate (2,682) +815  
Oil Price Uplift for 5 Years (2,807) +689  
-10% CAPEX (3,104) +392  
50 Year Project Life (3,283) +213  
Base Case (3,496) 0  
10% Discount Rate (3,686) -190 
+10% CAPEX (3,888) -392 
-10% Supply (4,133) -637 
High Environmental Costs (25,803) -22,307 

9.4. Distributional Impact Analysis 

An important component in the social valuation of a project is an evaluation of the 

consequences for different stakeholder groups affected by the proposed activity.  
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Canada’s Treasury Board guidelines recommend an analysis of the costs and benefits 

for various stakeholders impacted by a project (TBCS 2007).  The disaggregated nature 

of MABCA methodology enables a distributional impact analysis that evaluates the 

benefits and costs of an activity among different stakeholder groups (Shaffer 2010).   

There are several approaches to assigning distributional weights in a CBA to 

estimate stakeholder impacts (Davis 1990; Campbell and Brown 2003; Boardman et al. 

2011).  The approach herein estimates distributional impacts based on spatial and 

population characteristics among stakeholders affected by intraprovincial, interprovincial 

and international impacts.  Thus I allocate impacts to different stakeholder groups based 

on the location of the pipeline and terminal, as well as population data in the impacted 

regions101.  A limitation of this approach is the assumption that project impacts would 

follow the same distribution as the population in a region, which would likely not be the 

case for all environmental and socioeconomic impacts102.  I assume that the following 

groups have standing in the distributional impact analysis and thus I evaluate impacts 

from the NGP to each of the five key stakeholder groups: 

•   Oil transportation sector; 

•   Federal, provincial, and local governments; 

•   Households; 

•   Aboriginal groups; and 

•   Rest of the world. 

At the outset I caution that there are significant challenges in estimating the 

distribution of costs and benefits among different stakeholders.  For example, it is 
 
101  Data sources for the distributional impact analysis include project information (ENGP 2010, 

Vol. 3), population data from Statistics Canada (2012d; 2013a) and UNFPA (2012), as well 
as population and demographic data from BC Stats (2006; 2010c; 2010d; 2010b; 2010a) and 
Alberta (2012a; 2012b; 2012d; 2012c). 

102  For example, this assumption suggests that the population in regions along the pipeline right-
of-way in BC would incur 56% of pipeline spill impacts since 56% of the pipeline travels 
through BC.  However, spill costs may be higher in regions that have higher ecological values 
or are harder to access and thus spill costs could represent a proportion of total costs that 
exceeds 56%.   
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impossible to determine how individuals would actually be compensated for a spill and 

there is no case study from the BC coast that sets a precedent103.  Therefore I make the 

following assumptions in order to simplify the analysis of the distribution of impacts for 

pipeline, tanker, and terminal spills: (1) ENGP incurs clean up costs in the case of 

pipeline spills and the tanker owner incurs clean up costs in the case of tanker and 

terminal spills; and (2) environmental and socioeconomic costs are borne by individuals 

in the spill affected areas.  I use these simplifying assumptions for several reasons.  

First, individuals in spill-affected communities would directly incur environmental and 

socioeconomic spill costs.  Second, individuals suffering a loss from a tanker or pipeline 

spill are not automatically or immediately compensated for damages.  In the case of 

tanker spills, individuals must take the initiative to file a compensation claim to domestic 

and international insurance funds and must provide sufficient documentation that 

demonstrates a quantifiable loss (IOPCF 2008).  Compensation in the event of a pipeline 

spill is the result of negotiations between individuals claiming a loss and ENGP to 

determine an appropriate level of compensation acceptable to both parties, or, failing 

agreement, as determined by the courts.  Therefore, it is uncertain how much and when 

compensation would be paid to impacted parties.  Third, the IOPCF provides maximum 

compensation of up to $1.5 billion (2012 CAD) for tanker spills and covers only damages 

where a monetary loss can be proven (IOPCF 2011).  Consequently, many spill 

damages including environmental damages, social and psychological costs, and passive 

use value damages would not be compensated.  Historically, compensation payments 

have not covered the full cost of damages for large tanker spills.  Thébaud et al. (2005) 

determine that the percentage of compensation paid ranges between 5% to 62% of 

 
103  Although the Exxon Valdez ran aground in Prince William Sound, Alaska the case study 

provides limited insight into Canadian and international compensation systems since the US 
is not a participating member state in the IOPCF.    
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compensation claims for six large spills104, which implies that as much as 95% of spill 

damages were borne by the public.  These findings suggest that some portion of oil spill 

damages from the NGP would not be compensated in the event of a large oil tanker spill 

and thus would be borne by individuals in spill-affected communities. 

9.4.1. Oil Transportation Sector 

The oil transportation sector consists of ENGP, other companies operating main 

export pipelines, crude oil producers that would ship their product on the NGP, and 

tanker owners that would transport the oil to market.  As the project proponent, ENGP 

incurs capital expenditures of $7.9 billion and annual operating costs of $341 million and 

receives revenue in the form of tolls from oil companies that ship their product on the 

pipelines105.  The direct cash flows from the NGP after taxes result in a NPV of ($800) 

million for the private cost of the NGP at an 8% discount rate.  Since operating costs 

include property taxes that ENGP would pay to government of $427 million over the life 

of the project, the before tax NPV for the project is an estimated ($373) million.  ENGP 

has offered to establish a community trust for Aboriginal communities along the pipeline 

right-of-way (ENGP 2013a).  ENGP expects the trust will exceed $100 million over the 

30-year operating life of the project, which assuming equal annual payments over the 

operating life of the NGP represents a cost of NPV $22 million.  

In addition to direct project costs associated with construction and operation of 

the NGP, ENGP would be responsible for clean up and compensation for damages 

resulting from an oil pipeline spill.  I estimate that pipeline spill clean up costs represent 

$101 million over the life of the project and a portion of these costs would be included in 

 
104  These spills include the: (1) Amoco Cadiz, which ran aground in March 1978 off the coast of 

Northern Brittany, France; (2) Tanio, that broke in two off the coast of Northern Brittany in 
France in March 1980; (3) Aegean Sea that ran aground in Spain in December 1992; (4) 
Braer, which ran aground south of the Shetland Islands in the United Kingdom in January 
1993; (5) Sea Empress that ran aground in February 1996 in South Wales, United Kingdom; 
and (6) Erika, which broke in two off the coast of Brittany in France in December 1999. 

105  As described in section 9.3.1.1, capital and operating costs are prorated to represent the oil 
pipeline and thus equal $5.8 billion and $249 million, respectively. 
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the tolls paid by crude oil producers to ship on the NGP.  Any additional funds ENGP 

provides to the federal and provincial governments for its involvement in spill clean up 

efforts or any fines or penalties incurred by ENGP as a result of the spill would further 

increase costs for the project proponent.  In terms of compensatory damages from a 

spill, ENGP would settle claims from a pipeline spill with those individuals affected by the 

spill.  Unlike the domestic and international compensation scheme established for oil 

tanker spills, there are no international or federal compensation funds that provide 

compensatory damages for pipeline spill costs.  I make no assumptions about the 

amount of compensation that ENGP would provide to individuals in spill-affected 

communities and thus denote the expense with a “-“ in Table 9.23. 

ENGP has stated that it would not own or operate tankers to transport oil and 

condensate from Kitimat Terminal (ENGP 2010, Vol. 8B).  Instead, the proponent would 

use independent tanker operators to ship their product to market.  Under the IOPCF, the 

ship owner is responsible for paying a portion of the damage costs from a tanker spill.  

Individuals and governments can claim compensation for oil spill damages against the 

registered owner of the tanker or its insurer to a maximum of $137.3 million per spill 

under the 1992 Civil Liability Convention (IOPCF 2008)106.  This limited liability is 

removed if there is proof that oil spill damage occurred as a result of a personal act or 

omission committed with the intention of causing damage (IOPCF 2008).  When 

compensation claims have exceeded the limited liability of the ship owner and its 

insurance, the 1992 Fund and the Supplementary Fund offer additional compensation of 

$1 billion since Canada is a member of both of these international compensation 

funds107.  I assume that ship owners limited liability would cover tanker spill response 

and clean up costs of $277 million discounted at 8% over the life of the project based on 

tanker spill clean up costs estimated in section 9.3.3.4.1.  The ship owner may also 

provide compensation to affected parties for environmental and socioeconomic costs 

 
106 The maximum number of Special Drawing Rights under the Civil Liability Convention is 

89,770,000 which, based on an exchange rate of 1 SDR = $1.52954 CAD as of 28 
December, 2012 (IMF undated), equates to $137.3 million. 

107  See footnote 33. 
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from a tanker spill if the owner has not exceeded its maximum liability limit under the 

IOPCF. 

The NGP would create surplus capacity in the western Canada pipeline system 

and these costs would be borne by pipeline operators and/or crude oil producers.  I 

estimate the cost of surplus capacity in present value terms at $725 million over the life 

of the NGP.  I acknowledge that some shippers might be willing to pay higher shipping 

costs with the intention of gaining a perceived benefit from shipping their product on the 

NGP, although as I discuss in section 9.3.1.3, there is considerable uncertainty 

regarding the magnitude and duration of any price benefits accruing to Canadian oil 

producers from the NGP. 

Overall, the NPV of the project from the perspective of the oil transportation 

sector is a net cost of over $1.9 billion over the life of the project.  I note that any 

compensation provided for environmental and socioeconomic costs from a pipeline or 

tanker spill could increase the net cost of the NGP to the oil transportation sector. 

Table 9.23. NGP Impacts from the Perspective of the Oil Transportation Sector 

Impact to Oil Transportation Sector NPV at 8% (in millions) 
Project cash flows before taxes (373) 
Property tax payments to government (427) 
Payments to community trust for Aboriginal groups (22) 
Response and clean up costs for pipeline spills (101) 
Response and clean up costs for a tanker spills  (277) 
Cost of surplus capacity to crude oil producers (725) 
Compensation for environmental and socioeconomic costs from spills - 
Total (1,925) 
Note: A “ – “ represents a cost and a “+” represents a benefit. 

9.4.2. Federal, Provincial, and Local Governments 

I include only those government revenues that are in excess of what government 

would otherwise receive in the absence of the project (Shaffer 2010).  Local 

governments in AB and BC would receive revenues from the NGP in the form of 

property taxes totalling NPV $427 million since property taxes are unique to this type of 
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project.  Local governments in BC would collect $341 million and local governments in 

AB would receive $86 million in property taxes over the life of the project.  Actual 

property tax revenues received by government are likely to be less than these figures 

since I estimate tax revenues based on WM (2012) that exclude incremental costs to 

government for providing any municipal services required for the NGP.  I exclude 

government revenues from sales, fuel, and income taxes because these taxes would be 

generated in any event by the labour and capital employed on alternative investments or 

projects displaced by the NGP and are therefore not incremental to the project. 

The federal and provincial governments could incur costs for response and clean 

up efforts associated with pipeline and tanker spills.  In the event of a tanker spill, the 

Canadian Coast Guard is the lead federal agency responsible for ship-source pollution in 

Canadian waters and thus would be a first responder to a spill and oversee clean up 

operations (ENGP 2010, TERMPOL Study No. 3.15).  A spill that causes injury to wildlife 

would require the mobilization of additional federal government resources since 

Fisheries and Oceans Canada, the Canadian Wildlife Service, and Environment Canada 

would participate in operations to recover and rehabilitate any wildlife impacted by the 

release of hydrocarbons (ENGP 2011a).  ENGP also identifies the BC Ministry of the 

Environment as a participant in the response to a spill along with federal departments 

and personnel from the Kitimat Terminal (ENGP 2010, TERMPOL Study No. 3.15).  The 

BC government has stated that it lacks the necessary resources to respond to, and 

manage, even moderate spills on the BC Coast (Tromp 2013).  Any delayed response 

could increase contamination and thus costs associated with clean up.  In terms of 

pipeline spill costs, the AB and BC provincial governments would play an important role 

in the response to and clean up of a spill from the NGP.  If a pipeline spill occurs on land 

or in watercourses, provincial governments would dispatch emergency services and 

other resources to contain the spill, assess the damages and capture, recover, stabilize, 

rehabilitate, and release any wildlife impacted by an oil spill (ENGP 2011a).  

The federal and BC governments may be able to recuperate some of their 

response and clean up costs for tanker spills from the IOPCF.  Recuperating costs from 

the IOPCF depends on the types of costs incurred, the amount of compensation 

claimed, and adequate documentation, among other factors.  Governments may also 

defer compensation from the IOPCF.  Following the Braer oil spill that occurred south of 
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the Shetland Islands in the United Kingdom in January 1993, the United Kingdom 

government deferred compensation from the IOPCF to ensure that the Fund had 

adequate compensation available for its citizens (Wren 2000).   

The Government of Canada could also incur costs for compensation it provides 

for environmental and socioeconomic damages claimed by individuals in spill-affected 

communities.  The Federal government administers an insurance fund to compensate 

marine spills known as the Ship-source Oil Pollution Fund, which it created under the 

Canada Shipping Act to supplement IOPCF compensation in the event that this 

compensation is inadequate (SOPF 2012).  The Ship-source Oil Pollution Fund adds 

another layer to the existing IOPCF framework that compensates for oil pollution, spill 

clean up, and preventative measures (SOPF 2012).  In April 2012, the Ship-source Oil 

Pollution Fund offered maximum liability of $159.9 million for all claims from one spill 

(SOPF 2012) although Transport Canada announced in May 2014 that it would remove 

the cap on the Ship-source Oil Pollution Fund thereby increasing the amount available in 

the event of an incident to nearly $400 million (Gordon 2014).  The Ship-source Oil 

Pollution Fund is both a fund of first resort and a fund of last resort in that claims can be 

made to the fund after failed attempts to secure compensation from the ship owner and 

the IOPCF or claims can be made to the fund before seeking compensation from the 

IOPCF or the ship owner (Boulton 2010; SOPF 2012).  I avoid any assumptions 

regarding the amount of compensation that individuals incurring environmental and 

socioeconomic damages from a spill could receive from the Ship-source Oil Pollution 

Fund.  However, I do acknowledge that any compensation provided to spill-affected 

individuals could increase federal government costs associated with the NGP.    

A potential cost to the BC government relates to conflict over the building of the 

NGP.  If the current opposition to the project is any indication of potential actions that 

would be taken to oppose the project if it is approved, then the BC government could 

encounter significant costs in the event that physical blockades or civil unrest arise 

during project construction.  Direct costs resulting from the potential rise in conflict if the 

NGP proceeds as planned include increased law enforcement, legal costs, and 

administrative costs, whereas indirect costs associated with the NGP could include the 

potential impairment of BC’s international reputation.  
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The net result of the NGP from the perspective of federal, provincial, and local 

governments is a NPV of $427 million, which represents property tax payments.  Non-

monetary impacts in Table 9.24 represent potentially significant costs to government that 

could offset any property tax revenue.  In its written final argument, the government of 

BC suggests that the costs of the NGP outweigh the benefits.  The government of BC 

acknowledges the potential benefits of the project including government revenues and 

the oil price uplift although recognizes that potential benefits exclude costs to 

government associated with the NGP (BC 2013).  The BC government also asserts that 

ENGP has not provided evidence of its world-class spill response capabilities and the 

government is concerned about serious environmental and public impacts from a 

terrestrial and marine spill (BC 2013).  The government of BC concludes that it cannot 

support the approval of the NGP (BC 2013).  Assuming that the BC government made 

this statement with a complete awareness of the government revenues that ENGP 

claims the project would provide suggests that the BC government believes that non-

monetary costs of the project could exceed the fiscal benefits.  Thus the net benefit of 

$427 million should be interpreted with caution. 

Table 9.24. NGP Impacts from the Perspective of Federal, Provincial, and Local 
Governments 

Impact to Federal, Provincial, and Local Governments NPV at 8% (in millions) 
Property tax receipts 427 
Pipeline and tanker spill response and clean up costs - 
SOPF compensation for environmental and socioeconomic costs from tanker spills - 
Conflict costs if the NGP is approved and construction proceeds - 
Impairment of BC’s international reputation - 
Potential compensation for spill clean up costs from IOPCF + 
Total 427 
Note: A “ – “ represents a cost and a “+” represents a benefit.  Note: The acronym SOPF represents the 
Ship-source Oil Pollution Fund. 
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9.4.3. Aboriginal Groups 

The NGP could impose a net cost of $153 million on Aboriginal peoples in their 

traditional territories in AB and BC (Table 9.25)108, which I estimate based on the 

proportion of Aboriginals relative to the total population in regions impacted by the NGP.  

In the Kitimat region, air pollution from construction and operation of the marine terminal 

and tanker operations could produce human health and environmental costs to First 

Nations of approximately $19 million in present value terms.  GHG emissions from 

construction and operation of the NGP could impose additional costs of less than NPV 

$1 million to Aboriginal peoples.  Aboriginal peoples could also incur costs associated 

with impairment of the ecosystem in their traditional territories in BC and AB in the 

amount of $6 million over the life of the project.  Actual costs to Aboriginal groups in BC 

and AB from air pollution and EGS damages are likely higher because many costs are 

not monetized. 

Aboriginal peoples would also incur direct costs from tanker and pipeline spills.  

In the event of a tanker spill along the BC coast, First Nations could incur environmental 

and socioeconomic damages of NPV $135 million although costs could be higher since 

spill cost data from the IOPCF used to estimate spill damages exclude non-market 

environmental damages and sociocultural effects in spill-affected communities, which 

are not compensable by domestic and international insurance funds.  Thus even though 

Aboriginal peoples may receive compensation for some portion of their claims, actual 

damages would likely exceed any compensatory payment, particularly for large spills.  

Aboriginal peoples in traditional territories along the pipeline route could also 

experience considerable costs from a land-based or waterborne pipeline spill, although 

the compensation required to offset these costs are substantially lower than those from a 

 
108  This $153 million figure compares with the Ruther and Gasper (2011; 2012) studies that 

estimate ecological and social impacts within Haisla territory over a 30-year project life.  Ruth 
and Gasper (2012) estimate total impacts of $254 to $438 million at a 7% discount rate from 
impacts to forest, wetland, tourism, and salmon in Haisla traditional territory. The Ruth and 
Gasper studies use a different methodology (see section 9.3.3.3 for an overview) and thus 
result in very different estimates.  
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tanker spill (NPV of $15 million).  After a spill, Aboriginal peoples would have to assess 

the magnitude of damages incurred and submit claims for compensation directly to 

ENGP since there are no federal or provincial insurance funds for pipeline spills.  While 

there is no theoretical limit on the amount of compensation when a pipeline operator is 

completely liable to clean up a spill, ENGP’s insurance coverage is a maximum of $575 

million per incident (WM 2012).  In 2013, the federal government announced that 

pipeline companies are required to have $1 billion in clean up funds available to respond 

to spills (NRCan 2013).  Recent evidence suggests that compensation provided by 

Enbridge to spill-affected individuals in other settings is inadequate.  During 

congressional hearings held by the US government after the Enbridge Line 6B spill in 

Marshall, Michigan, Representative Shauer from the state of Michigan pointed out that 

many spill-affected citizens in his district were denied some or all of their compensation 

claims by Enbridge (Hearing on Enbridge Pipeline Oil Spill in Marshall, Michigan 2010). 

Distributional impacts to Aboriginal groups must also reflect economic 

opportunities offered by ENGP.  ENGP has offered two principle economic opportunities 

to Aboriginal groups potentially impacted by the NGP, namely equity ownership and a 

community trust (ENGP 2013a).  First, ENGP offered to sell Aboriginal groups along the 

pipeline right-of-way a 10% equity share in the project that would provide $280 million in 

net income over the 30 years that the NGP is operating (ENGP 2013a)109.  The 10% 

equity offer in the project is not considered a benefit in social benefit-cost analysis 

because Aboriginal groups must invest in the project in order to receive income flows 

over the 30-year period and the net benefit of these cash flows depends on the 

opportunity costs of foregone investments.  If the capital invested by Aboriginal groups in 

the NGP would receive a comparable rate of return in alternative investments, there 

would be no net benefit of equity ownership in the NGP, and capital earning a higher 

rate of return in alternative investments would result in a net cost to Aboriginal groups 

that purchased shares in the NGP.  I assume that Aboriginal groups could obtain a 
 
109  ENGP bases the $280 million dollar estimate on capital expenditures of $5.5 billion.  Any 

potential increase in the net income generated from equity ownership in the NGP resulting 
from an increase in capital expenditures from $5.5 billion to $7.9 billion is unknown. 
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similar rate of return on capital in alternative investments and thus omit any benefits of 

equity ownership from the NGP in the analysis.  Second, ENGP proposes to establish a 

community trust for Aboriginal communities that would receive 1% of pre-tax domestic 

profits, which ENGP estimates would exceed $100 million over the 30-year period 

(ENGP 2013a).  Assuming equal annual payments over the life of the NGP, the value of 

the trust represents $22 million in present value terms.  While the trust represents an 

incremental benefit to Aboriginal groups, some portion of the trust represents the cost 

necessary to obtain the support of Aboriginal groups for the NGP in exchange for 

potential costs incurred by Aboriginal groups.  I do not attempt to estimate the portion of 

these costs and thus the $22 million trust likely overestimates benefits received by 

Aboriginal groups.   

I acknowledge that employment and training opportunities could represent a 

potential benefit to Aboriginal peoples although the significance of this potential benefit 

depends on several factors.  ENGP has stated that Aboriginal peoples could comprise 

15% of construction employment (ENGP 2013a).  Any incremental benefits to Aboriginal 

peoples depend on employment and training opportunities in the absence of the project. 

There are several other projects that would proceed in the absence of the NGP and 

these projects could offer similar or better employment and training opportunities to 

Aboriginal peoples than the NGP, thus offsetting any incremental benefits.  There are 

also potential sociocultural costs associated with Aboriginal peoples engaged in wage 

employment in the industrial economy that must be considered.  Wage employment may 

contribute to changes in traditional social relations within Native communities and create 

greater social differentiation related to income disparities (Palinkas et al. 1993).  Further, 

wage employment reduces the amount of time available to Aboriginal peoples to practice 

traditional activities such as hunting, trapping, and fishing, among others.  Yet another 

consideration is the potential supply of Aboriginal labour.  Most First Nations in BC are 

opposed to the NGP (CFN 2013) and thus may reject employment or training 

opportunities from the project.  Therefore I denote potential benefits to Aboriginal 

peoples from employment and training with a “+” in Table 9.25 due to the uncertainty 

associated with this benefit. 

In addition to monetary costs, the NGP would also impose costs to Aboriginal 

peoples that cannot be accurately assigned a dollar value.  First, Aboriginal peoples hold 
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passive use values that could be affected by a spill on the BC Coast.  I denote passive 

use values with a “-“ since Aboriginal groups likely hold a higher value for losses from a 

spill than non-Aboriginal households.  Second, an oil spill from NGP tanker traffic could 

result in ecosystem damages that impair First Nations in the spill-affected region from 

practicing their constitutionally protected rights to harvest marine resources for 

subsistence and cultural uses.  Third, Aboriginal peoples in communities negatively 

impacted by a spill may endure psychological stress from the disruption of traditional and 

cultural practices, wage employment, and disruption to the intergenerational transfer of 

knowledge.  These sociocultural effects significantly disrupted the economic, cultural, 

and social infrastructure of Alaska natives impacted by the EVOS (Fall et al. 2001). 

Table 9.25. NGP Impacts from the Perspective of Aboriginal Groups 

Impact to Aboriginal Groups NPV at 8% (in millions) 

Community trust established by ENGP 22 
Air pollution (19) 
GHG damages (<1) 
Ecosystem damages (6) 
Environmental and socioeconomic costs from pipeline and tanker spills (149) 
Passive use damages - 
Non-monetary air pollution - 
Non-monetary ecosystem damages - 
Non-monetary spill costs - 
Loss of subsistence use - 
Psychological stress - 
Potential compensation for environmental and socioeconomic spill damages + 
Potential benefits from employment and training opportunities + 
Total (153) 
Note: A “ – “ represents a cost and a “+” represents a benefit. 

9.4.4. Households 

Households in BC, AB and throughout the rest of Canada could incur 

environmental and socioeconomic costs from the NGP of over NPV $1.6 billion.  Air 

pollution in the form of increased health and environmental damages from the NGP 
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could cost British Columbians $40 million over the life of the project.  These costs would 

largely occur in Kitimat at the source of terminal operations and tanker traffic.  Losses to 

EGS could cost households in AB and BC over NPV $46 million from the construction 

and operation of the pipeline that will negatively impact forests, wetlands, and 

grasslands in the project area.  GHG emissions from tanker and terminal operations 

represent NPV $1 million in potential damage costs that would affect all Canadians. 

Households in AB and BC would incur costs from a pipeline spill, while British 

Columbians would incur significant costs in the event of a tanker spill.  For pipeline spills, 

BC and AB households could directly incur $121 million in environmental and 

socioeconomic damages over the life of the NGP.  Households in both provinces would 

then have to negotiate with ENGP in order to recuperate any damages resulting from a 

spill and this compensation would offset a portion of pipeline spill costs.  In the event of a 

tanker spill, BC households could experience environmental and socioeconomic costs of 

$281 million in present value terms, which is the minimum amount that spill-affected 

individuals would need to be compensated from domestic and international 

compensation funds in order to be no worse off after a tanker spill.  This estimate is 

based on data that omits several non-compensable costs including non-market 

environmental damages from the spill, permanent or long-term damage costs that occur 

after all funds have been allocated, and ongoing litigation costs.  I note that these costs 

could be higher or lower depending on the magnitude of non-monetary impacts.  

Canadian society would incur a cost from the loss of goods and services in BC coastal 

ecosystems as the result of a tanker spill even though there is no planned use of these 

values.  Based on the EVOS, the value of passive use losses to Canadians if an oil spill 

occurs over the life of the NGP may be over $1.2 billion.  
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Table 9.26. NGP Impacts from the Perspective of Households 

Impact to AB, BC, and Canadian Households NPV at 8% (in millions) 
Air pollution (40) 
GHG damages (1) 
Ecosystem damages (46) 
Environmental and socioeconomic costs from pipeline and tanker spills (402) 
Passive use damages (1,204) 
Non-monetary air pollution - 
Non-monetary ecosystem damages - 
Non-monetary spill costs - 
Potential compensation for environmental and socioeconomic spill damages + 
Total (1,693) 
Note: A “ – “ represents a cost and a “+” represents a benefit. 

9.4.5. Outside Canada 

The international community would incur costs from NGP construction and 

operation in the form of GHG emissions that contribute to global climate change.  I 

estimate GHG emission impacts for this stakeholder group by taking the proportion of 

the world population that resides outside Canada.  The social cost of carbon dioxide 

emissions to the global community from the NGP has a NPV of $152 million, which 

represents 99.5% of all GHG costs from the NGP.  Although I implicitly assume that the 

impact of GHG emissions from the NGP is equitable among all global citizens, this is 

likely not the case since climate change poses a greater threat to citizens of poorer 

nations (OECD 2003). 

Table 9.27. NGP Impacts from the Perspective of Global Citizens 

Impact to Rest of the World NPV at 8% (in millions) 
GHG damages (152) 
Total (152) 
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9.4.6. Summary 

The distributional impact analysis for the NGP informs how stakeholders 

impacted by the NGP could be affected if the project proceeds.  The oil transportation 

sector would incur the greatest costs from the NGP largely as a result of spill clean up 

costs and the cost of surplus capacity (Table 9.28).  However, a significant portion of the 

net cost of the NGP would be borne by stakeholders other than ENGP and this 

proportion may be larger since the analysis omits several environmental and 

sociocultural externalities that were not monetized.  The property tax benefits that local 

governments are expected to receive likely overestimate government revenue from the 

NGP as they represent gross benefits that do not consider incremental costs to 

government to service the NGP.  Further, net benefits to government must be 

considered along with the non-monetary costs that governments would incur related to 

spill response and clean up costs that could outweigh any benefits received from the 

project.  

Table 9.28. Summary of Distributional Impact Analysis 

Referent Group NPV at 8% (in millions) 

Federal, Provincial, and Local Governments 427 
Rest of the World (152) 
Aboriginal Groups (153) 
Households (1,693) 
Oil Transportation Sector (1,925) 
Total (3,496) 

9.5. Evaluation of Multiple Account Benefit-Cost Analysis 
Methodology 

I applied the MABCA methodology to the NGP to test its utility in providing 

information to decision-makers evaluating pipeline projects.  In this section, I evaluate 

MABCA methodology using evaluative criteria for project approval under the JRP (Table 

9.29).  The evaluation focuses on the type of information produced by the MABCA and 
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the suitability of the information to decision-makers evaluating project proposals 

pursuant to the NEBA and CEAA 2012.  

Table 9.29. Evaluative Criteria for Project Approval Under the JRP 

Criterion Description of Information and Analysis Required for a Sound Decision 

Significant 
Effects 

An analysis of the likelihood of adverse environmental effects provides the best available 
information to enable a reasoned judgment whether adverse effects are significant 
Sufficient information facilitates a rational assessment whether significant adverse 
environmental effects are justified in the circumstances 

Project   
Need 

A supply and demand analysis for the pipeline provides the best available information to 
enable a sound decision of the need for pipeline capacity  

Public 
Interest 

All relevant economic, environmental, and social costs and benefits to Canadians are 
estimated using the best available information and analysis to facilitate a rational 
assessment of public interest impacts 
Information is presented in a manner that facilitates the identification of trade-offs among 
the various impacts to enable a reasoned judgment of whether there is a net benefit 

Source: Compiled from NEBA, FEARO (1994), CEAA 2012, NEB (2013a). 

9.5.1. Significant Effects 

Criterion: An analysis of the likelihood of adverse environmental effects provides 
the best available information to enable a reasoned judgment whether adverse 
effects are significant. 

MABCA is a useful tool to assess the significance of effects.  MABCA estimates 

the monetary costs of environmental effects over the life of the project, which provides 

decision-makers with a metric to assess the potential significance of adverse 

environmental effects under the CEAA 2012.  MABCA provides several measures of 

significance that include the significance of individual project impacts (e.g. oil spills in the 

case of the NGP), the significance of evaluation accounts that represent several impacts 

(e.g. environmental costs), and the significance of the overall project.  MABCA also 

provides insight on the significance of impacts that cannot be valued monetarily and 

included in the overall NPV of the project.  For example, if a project has a NPV of $1 

billion that includes non-monetary costs and decision-makers approve the project, this 

approval implies that decision-makers value these non-monetary impacts at less than $1 

billion (Joseph 2013). 



 

337 

I note that the measure of significance in MABCA differs from the measure of 

significance used to assess adverse environmental effects under the CEAA 2012, 

although in general terms both refer to significance as the importance of an impact.  In 

MABCA, significance relates to the importance of impacts as measured by the monetary 

benefits and costs of the project as well as those impacts that cannot be measured in 

monetary terms.  Costs and benefits can be compared between evaluation accounts 

within a MABCA framework to measure the relative importance of certain types of 

impacts (e.g. environmental versus financial) and the overall NPV of the project can be 

compared with alternative projects to assess the project’s relative significance to society.  

Further, MABCA improves on traditional CBA since it provides a measure of the 

importance of impacts that cannot be assigned a monetary value in that the 

methodological framework has the capability to incorporate qualitative indicators that 

describe the magnitude of impacts that were not monetized.  On the other hand, 

significance in EA according to FEARO (1994) depends on the magnitude, geographic 

extent, duration and frequency, irreversibility, and ecological context of adverse 

environmental effects.  FEARO (1994 p. 192) criticizes the use of CBA to determine 

significance under CEAA 1992 because it compares costs and benefits and CEAA 1992 

requires the consideration of only adverse environmental effects.  However, as Joseph 

(2013) notes, this view ignores the potential use of CBA to estimate only the cost of an 

adverse effect without considering the benefits.   

CBA theory underlying MABCA also has the capability to incorporate risks 

associated with the likelihood of project impacts that occur in the future.  One way in 

which CBA accounts for risk is with expected values that reflect the uncertainty in future 

costs and benefits by including an estimate of the probability of occurrence110 (Zerbe 

and Bellas 2006; Boardman et al. 2011).  Probability estimates that comprise expected 

values in a MABCA are consistent with the legislative evaluative criteria for the likelihood 

 
110  I note, however, that expected values do not account for risk preferences.  Expected values 

assume that individuals are risk neutral, which is typically not the case (Zerbe and Bellas 
2006).  Individual WTP and WTA compensation will vary among people that are risk averse 
and those that are risk seeking (Zerbe and Bellas 2006). 
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of significant adverse effects under CEAA 2012.  Further, regulatory guidance 

documents including FEARO (1994, p. 193) and TC (2001, p. 3-14) instruct the 

proponent to calculate the likelihood of a spill as a probability of occurrence.  I note, 

however, that annual probabilities in a MABCA must be adjusted to estimate spill 

probabilities over the life of the project in order to adequately represent project-related 

risks consistent with recommendations in the FEARO (1994) guidance document.  A 

potential advantage of MABCA relative to CBA is that probabilities can be presented and 

discussed in a separate evaluation account rather than aggregated into the bottom line 

in CBA. 

Criterion: Sufficient information facilitates a rational assessment whether 
significant adverse environmental effects are justified in the circumstances. 

MABCA provides a measure to evaluate whether significant adverse 

environmental effects are justified in the circumstances.  As I discuss in Chapter 2, 

decision-makers in the JRP have justified significant adverse environmental effects in 

the past based on the rationale that project benefits outweigh costs.  However, there is 

no explicit methodological approach that decision-makers currently use to assess 

whether project costs are justified in the circumstances.  MABCA is a useful framework 

for informing whether significant adverse environmental effects are justified in the 

circumstance since it estimates relevant costs and benefits that can be monetized, 

compares impacts across evaluation accounts, incorporates the significance of non-

monetary values that should be included in the decision-making process, and identifies 

trade-offs.  MABCA also has the capability to provide an estimate of the aggregate value 

of the project similar to CBA.  However, I note that an important attribute of MABCA is 

the method’s ability to provide decision-makers with more comprehensive information 

about costs and benefits in different evaluation accounts compared to CBA that provides 

a single monetary metric.  This disaggregation helps inform decision-makers whether the 

benefits of a project justify the costs.  Indeed, qualitative statements of the importance of 

non-monetary costs that are incorporated into a MABCA may be sufficient to justify that 

the project should be approved/rejected even if the NPV of the project is 

negative/positive. 
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9.5.2. Project Need 

Criterion: A supply and demand analysis for the pipeline provides the best 
available information to enable a sound decision of the need for pipeline capacity. 

MABCA requires the applicant to provide explicit information related to the need 

for pipeline capacity.  MABCA methodology measures the incremental effects of a 

proposed project to the broader system or industry as a whole (Shaffer 2010).  In the 

case of pipeline projects, a system-wide approach requires an analysis of existing 

pipeline capacity, potential capacity from proposed pipeline and rail projects, and 

projected crude oil supply over the life of the project.  Consequently, the systems-based 

approach underlying MABCA methodology is consistent with the NEB (2013a) Filing 

Manual that requires a proponent to demonstrate that a proposed pipeline project is 

needed by providing an analysis of the supply of crude oil to support the use of the 

pipeline and the demand for crude oil in consuming markets.  MABCA also provides an 

advantage over traditional CBA by enabling a focused discussion of the incremental 

impacts to the whole industry in a separate evaluation account and permitting the use of 

indicators and other information to describe the nature of industry-wide impacts and the 

need for the project.   

The NEB (2009) identifies commercial support for a project as an important 

indicator that the proposed project is needed.  MABCA provides an indication of 

commercial support for a project by estimating the WTP of crude oil producers to ship 

their product on the proposed pipeline.  Shippers’ WTP to ship oil on a proposed pipeline 

suggests that the benefits they receive from shipping their product exceed, or at the very 

least, equal their costs.  Therefore shippers willing to pay the pipeline tolls imply that the 

project has commercial support and is needed.  Alternatively, if the costs to transport on 

a proposed pipeline exceed the relative costs of shipping on another pipeline without 

incremental benefits, then the costs of shipping on the proposed line exceed the 

benefits.  Shippers would likely not be willing to pay the tolls required to ship on the 

proposed pipeline.  In this case, the project would lack commercial support among 

potential shippers suggesting that the project is not needed.  Therefore, MABCA ensures 

that decision-makers have the basic information necessary for assessing the project 

need under the NEBA. 
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9.5.3. Public Interest 

Criterion: All relevant economic, environmental, and social costs and benefits to 
Canadians are estimated using the best available information and analysis to 
facilitate a rational assessment of public interest impacts. 

MABCA provides decision-makers with important information to assess public 

interest impacts of a proposed project.  MABCA has the capability to consider all 

relevant economic, environmental, and social impacts in monetary and non-monetary 

terms in a single evaluative framework.  For monetary costs and benefits, MABCA 

measures preferences using WTP for a benefit or the WTA compensation for a cost, 

where possible (Pearce et al. 2006).  Market prices provide a measure of WTP for goods 

and services traded in efficient markets when observed prices represent the social value 

of benefits and costs (TBCS 2007; Boardman et al. 2011).  If existing market prices do 

not reflect social values, such as in the case of public goods, externalities, and imperfect 

competition, shadow pricing can be used to adjust observed prices in an attempt to 

incorporate costs or benefits omitted from the price (Boardman et al. 2011).  For those 

impacts that are too difficult conceptually or empirically to monetize, MABCA improves 

on traditional CBA by incorporating qualitative indicators alongside monetary costs and 

benefits in order to inform decision-makers of the significance of these impacts (Shaffer 

2010). 

MABCA measures opportunity costs that are important for estimating the 

incremental impacts of a project.  A weakness of EconIA used in the JRP to inform 

decision-makers of public interest impacts is the method’s estimation of gross economic 

impacts that assumes all labour and capital employed by the NGP would otherwise be 

unemployed over the life of the project.  Based on CBA, MABCA measures the efficient 

allocation of society’s resources in an economy where resources are scarce and 

assumes that the labour and capital allocated to one project are no longer available to 

produce goods and services elsewhere in the economy (Campbell and Brown 2003; 

Boardman et al. 2006).  Measuring the efficient allocation of resources is particularly 

important for well-functioning economies such as Canada’s where labour and capital are 

close to fully employed over the long-term.  MABCA measures costs of inputs as the 

value of goods and services that would have been produced had the labour and capital 

been used in their best alternative (Campbell and Brown 2003; Boardman et al. 2011).  
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Thus MABCA measures the incremental value of a project over and above the benefits 

and costs that would have been generated in the absence of the project.  

MABCA appropriately measures the values and preferences of all individuals 

affected by the project (Shaffer 2010).  CBA theory underlying MABCA uses a social 

welfare function that measures costs and benefits to all members of society by 

aggregating WTP and WTA for all individuals in a particular region or country (Pearce et 

al. 2006; Boardman et al. 2011).  This approach is consistent with the definition of public 

interest from the NEB (2010) that requires consideration of impacts to all Canadians.  

MABCA methodology estimates the aggregate value of the project according to its net 

social benefit (NSB) that equals the social benefits (B) minus the social costs (C) 

represented in the following equation from Boardman et al. (2011): 

𝑁𝑁𝑁 = 𝑁 − 𝐶 

MABCA also permits the evaluation of distributional impacts to different societal 

groups from a proposed project.  A common critique of traditional CBA is that the 

method focuses on measuring economic efficiency and fails to take into account equity 

considerations since it estimates social welfare by assuming equal weighting for all 

individuals in a society (Kopp et al. 1997; Pearce et al. 2006; Zerbe and Bellas 2006; 

Boardman et al. 2011).  However, several CBA guides recommend the evaluation of the 

distributional implications of a project (Pearce et al. 2006; TBCS 2007; US EPA 2010; 

Boardman et al. 2011) including MABCA guidelines from Shaffer (2010).  MABCA has 

an advantage over traditional CBA in that it can present a distributional impact analysis 

in a separate evaluation account.  

Although MABCA has the capability to estimate relevant economic, 

environmental, and social costs and benefits of a proposed pipeline project to 

Canadians, the method contains inherent limitations.  First, there is often uncertainty 

underlying the estimates of project impacts in MABCA.  Uncertainty affects all 

methodological approaches and arises from the use of different valuation methods, data 

gaps and weaknesses, a lack of methodological guidance from regulators, and 

proponent biases, among others.  These uncertainties can result in a wide range of the 

estimates of costs and benefits of a project, as I demonstrate in the MABCA for the 
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NGP, and some impacts, such as social costs, present challenges in estimating 

monetary values.  It is important to note that although MABCA cannot resolve 

uncertainties, the method provides a clear accounting of the impact of alternative 

assumptions on project benefits and costs increasing confidence in the results.  Further, 

the use of critical values and sensitivity analysis can test the magnitude of uncertainty 

and its effect on the overall NPV of the project.  MABCA also has the capability to 

incorporate impacts that are too difficult to value monetarily into a single evaluative 

framework, such as quantitative measures or qualitative summaries describing the 

magnitude or significance of impacts that provide a more meaningful estimate of 

potential values when there is a high degree of uncertainty associated with estimating 

shadow prices for these impacts (Shaffer 2010).  Thus, decision-makers can consider 

the potential magnitude of impacts in their deliberations even if there is no monetary 

estimate of the impact in the overall NPV.   

Another potential limitation of estimating costs and benefits of a proposed 

pipeline project relates to the concept of incommensurability in that some individuals 

believe certain types of impacts cannot be measured in a single, monetary metric.  

Traditional CBA aggregates economic, environmental, and social costs and benefits into 

a single monetary metric for the entire project.  MABCA represents a potential 

advantage compared to CBA since MABCA disaggregates benefits and costs into 

separate evaluation accounts that have the potential to reduce the issue of 

incommensurability.  

Second, there are theoretical limitations to WTP as a measure of value in 

MABCA.  The use of WTP to measure benefits has been criticized for: (1) its 

presumption of equivalent marginal utility of income among wealthy and poor individuals 

even though the value of a dollar differs at individual income levels; (2) its divergence 

from WTA compensation and the potential significant discrepancy in results when one 

valuation approach is used in place of the other; (3) its failure to measure the 

preferences of individuals in future generations that may be impacted by a decision 

made today; and (4) its questionable appropriateness for valuing non-market goods 

(Hanley 2001; Horowitz and McConnell 2002; Portney 2002; Gowdy 2004; Pearce et al. 

2006; Zerbe and Bellas 2006; Boardman et al. 2011).   
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Third, I acknowledge that there are methodological considerations related to the 

concept of standing in MABCA, particularly in the case of transboundary costs and 

benefits.  For example, in my MABCA for the NGP I reduce the price uplift benefit to 

account for foreign ownership in the oil and gas industry and allocate costs from GHG 

emissions to individuals that reside outside Canada.  The principle of standing should 

apply consistently to all costs and benefits in the analysis although as my MABCA shows 

there are methodological and data challenges to completing this exercise for all costs 

and benefits.  This is one area where explicit guidelines developed for MABCA 

practitioners would be helpful.  

Discounting that allows analysts to estimate the present value of future costs and 

benefits is a controversial component of MABCA.  CBA methodology underlying MABCA 

values future impacts less than current impacts due to the time preference for 

consumption today compared to some time in the future and the productivity of capital 

that provides for greater future consumption (Zerbe and Bellas 2006; Vining and 

Boardman 2007; Atkinson and Mourato 2008; US EPA 2010).  Discounting has been 

criticized for minimizing the importance of future environmental impacts that could result 

in an increase in natural resource depletion.  Intergenerational equity can also be 

jeopardized when large costs imposed on future generations may appear insignificant in 

present value terms (Markandya and Pearce 1991; Pearce et al. 2006).  Further, there is 

disagreement on the specific discount rate to use to estimate the present value of future 

impacts as CBA guidelines recommend a range of social discount rates from 3% to 10% 

(TBCS 1976; 1998; 2007; Boardman et al. 2010; Boardman et al. 2011).  Despite its 

controversial nature, discounting is a benefit of MABCA that permits an evaluation of 

project impacts over time and the effect of different discount rates can be assessed in a 

sensitivity analysis.  

Yet another limitation of MABCA methodology relates to challenges in estimating 

the distributional effects of a proposed project.  As discussed in the MABCA for the 

NGP, there is enormous uncertainty in identifying the magnitude of impacts by groups.  

This is due to overlapping impacts between groups, secondary impacts such as payment 

of compensation, and quantifying intangible impacts such as psychological stress.  

Different assumptions and different methods of estimating distributional impacts will 

result in very different conclusions (Davis 1990; Campbell and Brown 2003; Boardman 
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et al. 2011).  This is an area of MACBA that requires more research to improve 

methodology and represents another area where explicit guidelines for MABCA 

practitioners would be helpful.  

Criterion: Information is presented in a manner that facilitates the identification of 
trade-offs among the various impacts to enable a reasoned judgment of whether 
there is a net benefit. 

MABCA methodology provides an explicit and transparent framework for 

identifying and comparing costs and benefits in a format suitable for assessing trade-

offs.  CBA is an accounting framework that estimates changes in social welfare and 

identifies the trade-offs associated with different social investments (Arrow et al. 1996).  

Unlike CBA that presents a single bottom line value, MABCA presents analytical results 

in a matrix summary of the monetary and non-monetary consequences of a project that 

improve the identification of trade-offs.  The presentation format of MABCA has the 

capability to explicitly identify key trade-offs that must be made to acquire the benefits, or 

incur the costs, of a project (Shaffer 2010).   

The disaggregated nature of MABCA improves transparency over traditional CBA 

since the method incorporates all monetary and non-monetary costs and benefits in a 

single evaluative framework.  MACBA can also be used to provide a comprehensive 

comparison of alternative projects, and to identify which project or combination of 

projects maximizes the public interest.  A critique of MABCA is that the method may not 

supply government decision-makers with the information they desire, such as the 

project’s contribution to GDP, employment, labour income, and government revenues, 

among other economic impacts that accrue in specified regions (Kinnaman 2011; 

Joseph 2013).  Although MABCA discusses employment impacts, government 

revenues, and distributional impacts, the information may not be presented in a manner 

familiar to decision-makers such as EconIA.  However, it is possible to include an 

economic impact account in a MABCA similar to that proposed in the US Water 

Resources Council guidelines (USWRC 1983) that would provide economic impact 

information to decision-makers.  
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9.6. Discussion 

The MABCA for the NGP in this chapter increases our understanding of the value 

of the NGP to society.  The analysis estimates that the costs of the NGP exceed the 

benefits and the net costs are higher than the base case estimate of over NPV ($3.4) 

billion because my MABCA omits monetary values for several negative impacts from the 

project.  The sensitivity analysis shows a wide range of the potential social values of the 

project that range from ($1.4) billion to over ($25.8) billion.  The uncertainty associated 

with certain input parameters, and the unpredictable nature of impacts occurring in the 

distant future, suggest that sensitivity analysis is an important exercise to undertake in 

major project evaluation.  The distributional impact analysis is also an important 

component of MABCA and is consistent with the NEB’s definition of the public interest in 

terms of its inclusivity of all Canadians (NEB 2010, p. 1).  The distribution analysis 

shows that a significant portion of the net cost of the NGP would be borne by 

stakeholders other than the project proponent, which is contrary to the public interest.   

The evaluation of MABCA methodology with project approval criteria suggests 

that it is a suitable method for evaluating major pipeline projects.  MABCA provides key 

information to decision-makers applying the NEBA and CEAA 2012 decision criteria and 

this information is consistent with information requirements in regulatory guidance 

documents.  MABCA also helps to ensure that decision-makers have requisite 

information for identifying and assessing trade-offs since the provision of this information 

is essential for the correct analysis of a project with a MABCA framework.  Although 

MABCA has many strengths as a method for evaluating pipeline projects under the 

existing regulatory framework in Canada, the method also contains some weaknesses 

(Table 9.30).  These weaknesses include a different definition of significance than 

regulatory guidance documents from FEARO (1994), and theoretical limitations 

estimating project impacts related to the public interest, among others. 
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Table 9.30. Strengths and Weaknesses of MABCA Methodology Related to JRP 
Approval Criteria 

Criterion Strengths Weaknesses 

Significant 
Effects 

• Addresses significant effects  
• Provides an estimate of the significance of non-

monetary impacts 
• Incorporates risk and uncertainty  
• Expected values use probability estimates 

consistent with CEAA 2012 and regulatory 
guidance materials 

• Useful for informing whether benefits justify 
costs under CEAA 2012 

• Definition of significance differs from accepted 
guidance for significance under CEAA 2012 

• Likelihood represents annual probabilities rather 
than probabilities over project life as suggested 
in FEARO (1994) 

Project 
Need 

• Measures industry-wide impacts consistent with 
supply/demand analysis of pipeline capacity to 
determine project need 

• Estimates volumetric and monetary costs 
associated with changes in pipeline capacity 

• Consistent with information requirements in NEB 
Filing Manual 

• WTP provides an indication of commercial 
support for the project 

• No major weaknesses 

Public 
Interest 

• Theoretical foundation consistent with 
determining public interest under NEBA 

• Measures the efficient allocation of scarce 
resources 

• Estimates incremental impacts of a project to all 
individuals in society 

• Considers all relevant economic, environmental, 
and social costs in a comprehensive evaluative 
framework 

• Categorizes project impacts into separate 
evaluation accounts 

• Option to estimate impacts in a single monetary 
metric that facilitates comparison of alternatives 

• Addresses project impacts over time with 
discounting 

• Incorporates important information that cannot 
be valued monetarily 

• Estimates distributional impacts to different 
societal groups 

• Presents information in a single evaluative 
framework that identifies trade-offs 

• Theory assumes individuals that are better off 
will compensate those that are worse off 

• Weaknesses associated with how WTP 
measures project costs 

• Uncertainty underlying estimates of project 
impacts 

• Controversial use of discounting to measure 
future impacts 

• Challenges estimating distributional impacts 
• Results are provided in a form that may appear 

unusual to government decision-makers  
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The research findings in this chapter suggest that MABCA is a good technique 

for providing information necessary to evaluate projects under the NEBA and CEAA 

2012 legislative criteria.  The findings also suggest that MABCA is a significant 

improvement relative to existing methods such as EconIA that do not provide necessary 

information in a format suitable for decision-making (Table 9.31).  As I discuss in 

Chapter 5, EconIA excludes environmental and social costs, ignores the opportunity 

costs of labour and capital, and estimates the gross impacts of a project instead of the 

incremental impacts required to determine whether economic benefits exist.  EconIA 

also fails to convert impacts into a common metric, such as dollars, that facilitates a 

comparison of the wide range of impacts and EconIA lacks a comprehensive 

methodological framework that synthesizes important information for decision-makers.  

The lack of an overall evaluative framework restricts an analysis of the trade-offs 

between the gains to individuals that benefit from a project and the losses to individuals 

that incur the costs.  Further, the evaluation in Chapter 7 determines significant 

deficiencies in the methods used in the NGP application to estimate the likelihood of 

significant adverse environmental effects required by CEAA 2012.  The NGP application 

also omits any discussion related to whether significant adverse environmental effects 

that the designated project is likely to cause are justified in the circumstances.  

Alternatively, MABCA methodology satisfies all decision-making criteria suggesting that 

the methodology is more suitable than existing methods in the JRP to evaluate a project 

under the NEBA and CEAA 2012. 
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Table 9.31. Comparison of Methodological Approaches with Approval Criteria 

Criterion Description of Information and Analysis Required for a Sound Decision NGP             
EconIA 

MABCA 
Methodology 

Significant 
Effects 

An analysis of the likelihood of adverse environmental effects provides the 
best available information to enable a reasoned judgment whether adverse 
effects are significant 

No Yes 

Sufficient information facilitates a rational assessment whether significant 
adverse environmental effects are justified in the circumstances No Yes 

Project  
Need 

A supply and demand analysis for the pipeline provides the best available 
information to enable a sound decision of the need for pipeline capacity No Yes 

Public 
Interest 

All relevant economic, environmental, and social costs and benefits to 
Canadians are estimated using the best available information and analysis to 
facilitate a rational assessment of public interest impacts 

No Yes 

Information is presented in a manner that facilitates the identification of trade-
offs among the various impacts to enable a reasoned judgment of whether 
there is a net benefit 

No Yes 
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10. Conclusion 

The objectives of this research are to examine existing methods used to provide 

information to decision-makers in the federal regulatory review process for pipeline 

projects in Canada and to determine whether these methods produce information that 

effectively addresses legislative criteria required for project approval.  In order to achieve 

this objective, I complete a case study evaluation of the NGP regulatory application 

using good practice criteria for risk assessment in order to assess whether the 

application provides adequate information to determine if, after mitigation measures, the 

project is likely to cause significant adverse environmental effects under the CEAA 2012.  

I also evaluate the NGP regulatory application with project approval criteria developed 

from the NEBA to determine whether the application provides an adequate assessment 

of whether the project is needed and in the public interest.  I then apply a MABCA 

framework to the NGP and evaluate the capability of the method to provide information 

necessary for project evaluation criteria. 

The results of this study indicate that there are major deficiencies in the current 

approach to how proponents prepare a regulatory application in the regulatory review 

process for major pipeline projects.  These deficiencies relate to the quality of 

information in the application that decision-makers use to determine whether the project 

satisfies NEBA and CEAA 2012 legislative criteria (Table 10.1).  My evaluation also 

determines that there is little methodological guidance provided from federal regulators 

to project applicants on how to conduct the necessary analyses to address decision-

making criteria under the NEBA and CEAA 2012, and there is a lack of a comprehensive 

methodological framework that decision-makers use to evaluate major pipeline projects.  

The lack of specific guidelines on how to analyze project impacts gives project 

applicants enormous leeway in their choice of methodology.  Given that project 

applicants have a strong incentive to have their projects approved, there is a propensity 

for the methodologies they use and the information they provide to be biased in favour of 

their projects by underestimating costs and overestimating benefits.  The lack of clear 
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guidelines on how to undertake impact analysis increases the likelihood of this bias.  

This is demonstrated by the NGP case study in which the proponent chose methods of 

risk assessment that significantly underestimated risk, and benefit assessment 

methodologies such as EconIA that overestimated benefits and omitted significant costs. 
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Table 10.1. Summary of Major Deficiencies in NGP Regulatory Application 

NEBA CEAA 2012 - cont’d 

• Incomplete supply/demand analysis to justify the need 
for the NGP 

• Supply/demand analysis shows NGP capacity is not 
needed to meet WCSB production 

• ENGP’s own analysis demonstrates that the NGP is 
not needed to meet WCSB production 

• Supply estimates do not assess risks in supply 
forecasts and rely on CAPP Crude Supply Forecasts 
that overestimate supply 

• No evidence of long-term transportation agreements 
• Incorrect measurement of economic impacts as 

benefits  
• Misrepresentation of employment impacts for the NGP 
• Deficient assessment of oil price uplift benefit 
• Inconsistent treatment of costs and benefits in oil price 

uplift 
• Questionable definition of project scope 
• Distributional analysis fails to analyze costs and 

benefits to different stakeholder groups 
• Inadequate compensation plans to mitigate costs 

borne by the Canadian public 
• Inadequate assessment of costs and benefits of 

alternative projects 
• Information is not organized in a manner that identifies 

trade-offs 

• Failure to effectively communicate the probability of 
spills over the life of the project 

• Failure to combine estimates for tanker, terminal, and 
pipeline spills to present a single spill risk estimate for 
the entire project 

• Lack of clear communication of spill risk estimates 
generated in detailed technical data reports in the 
main NGP application 

• Failure to address the effective implementation of 
mitigation measures that reduce risk 

• Limited geographical extent of the study area in which 
spill risk for tanker operations is estimated 

• Reliance on tanker incident frequency data that 
underreport incidents by between 38% and 96% 

• Potential double-counting of mitigation measures for 
LRFP tanker incident data 

• Failure to consider different vessel characteristics in 
tanker incident frequencies  

• Reliance on subjective judgments to assess tanker 
spill risk in the study area 

• Lack of confidence intervals to communicate 
uncertainty and variability in spill risk estimates for 
tanker, terminal, and pipeline operations 

• Failure to complete a sensitivity analysis that 
effectively evaluates uncertainty associated with spill 
risk estimates 

• Failure to state limitations and provide qualifications in 
the analysis 

• Inadequate expert review and validation of spill risk 
estimates for tanker, terminal, and pipeline operations 

• Experts in the review and validation of spill risk 
estimates lack independence and third-party status 

• Failure to validate spill risk models with actual spill 
data 

• Failure to successfully engage stakeholders to 
participate in the risk assessment  

• Failure to define risk acceptability in terms of the 
needs, issues, and concerns of stakeholders 
potentially impacted by the project 

• Inadequate assessment and comparison of risks 
associated with project alternatives 

CEAA 2012 

• Lack of supporting evidence for LRFP tanker incident 
frequency data 

• Insufficient evidence supporting conditional 
probabilities for tanker spills 

• Lack of information comparing incident frequencies at 
Kitimat Terminal to marine terminals in Norway 

• Lack of transparency in documenting how mitigation 
measures will reduce the likelihood of tanker and 
terminal spills 

• Inadequate evidence supporting the reduction of spill 
frequencies for pipeline operations 

• Insufficient proprietary data and information required to 
replicate key data inputs 
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As I demonstrate in Chapter 9, MABCA is a methodology that addresses many of 

the deficiencies in the current analytical approach for evaluating major pipeline projects 

since the method provides key information necessary for decision-makers to make a 

decision on the proposed project.  The application of MABCA to the pipeline approval 

process would therefore significantly improve the quality of evaluation by providing 

decision-makers with better information for making decisions based on the legislative 

criteria. 

10.1. Recommendations 

The following six recommendations are based on the results of this study.  The 

recommendations address the major deficiencies in the current analytical approach to 

addressing legislative criteria and the methodological guidance provided by regulators to 

proponents in the preparation of project applications.  The recommendations are not 

mutually exclusive in that they overlap and support one another.  

10.1.1. Require MABCA in the Regulatory Application 

Under the existing approach, the proponent examines project impacts in isolation 

using different impact assessment methods to evaluate each project effect.  The project 

proponent then submits an application containing an evaluation of the likelihood of 

significant adverse environmental effects required under the CEAA 2012 and a separate 

evaluation of the project need and public interest under the NEBA.  As my evaluation 

shows, the NGP regulatory application contains many major deficiencies and thus the 

application does not provide decision-makers with the best available information to 

assess the project with approval criteria in the NEBA and the CEAA 2012.   

To address these deficiencies, the NEB should require completion of a MABCA 

to organize key information in a comprehensive analytical framework that directly 

compares costs and benefits of the project and identifies trade-offs that must be made if 

the project is approved or rejected.  MABCA would not necessarily replace the various 

studies that proponents complete and include in their regulatory application, such as 

environmental and socioeconomic assessments, risk analyses, market analyses, and 

EconIA, since the information generated from these studies is important as inputs into 
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the MABCA evaluative framework.  MABCA would utilize information from these other 

studies and organize it in the regulatory application to focus the decision-making process 

on the impacts and trade-offs that are most important to decision-makers in their 

evaluation of the project under the NEBA and CEAA 2012.  Requiring the use of a 

comprehensive evaluative framework such as MABCA could improve the transparency 

of the JR Panel’s decision process since MABCA informs decision-makers as to whether 

the benefits of a project justify its costs, and how the benefits and costs are distributed 

across society.  Further, MABCA could be used if the JRP was redesigned based on 

planning processes such as collaborative planning and structured decision-making that 

collaboratively engage stakeholders in the process (see section 10.1.6 for further 

discussion related to improving stakeholder participation in the JRP).  

10.1.2. Develop Explicit Guidelines for Proponents Preparing an 
Application  

There is little methodological guidance provided from federal regulators on how 

to specifically address decision-making criteria under the NEBA and CEAA 2012.  

Guidelines from the NEB, CEA Agency, FEARO, and Transport Canada, as well as the 

project specific guidelines for the NGP such as the ToR and the Scope of the Factors all 

identify information requirements that proponents should provide in their application.  But 

analytical methods to derive the information are not recommended nor comprehensively 

discussed.  The application of the OSRA model in Chapter 8 shows that different 

methods generate different results, and the MABCA in Chapter 9 shows there are 

uncertainties, choices, and assumptions unique to a particular method that can 

drastically alter the study results (see Appendix B for comparison of MABCA to the WM 

CBA).  Without clear guidance from federal regulators, the type of information can differ 

within the same application, as in the case of the NGP application.  Indeed the 

inconsistency between evidence from MS (2010; 2012) that assumes no change in 

WCSB oil production due to the NGP and the WM (2010; 2012) evidence that assumes 

an increase in production based on incremental reinvestment of the price uplift 

represents a major inconsistency.  The type of information can also differ among project 

applications.  Such is the case in the NEB’s refusal to consider the impacts of upstream 

oil sands production in the Keystone XL application yet ENGP includes benefits from 

induced production from the oil price uplift in its project application.   
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To address these inconsistencies, federal regulators should prepare explicit 

guidelines for project proponents on how to complete the various studies submitted as 

part of the regulatory application such as ecological, health, and spill risk assessments, 

EconIA, pipeline supply/demand analysis, and MABCA.  At a broad level, guidelines 

should instruct proponents on how to apply methodological concepts and techniques in 

accordance with providing the necessary information that the JR Panel requires to apply 

the project approval criteria.  To achieve this objective, guidance documents should 

include an overview of each method, steps in the analysis, direction on any judgments or 

assumptions required by the analyst, appropriate data inputs and sources, the practical 

and methodological limitations of each method, how to perform a robust sensitivity 

analysis, presentation format of the results, and relevant literature providing additional 

resources.  Federal regulators in Canada may want to look to the US government as a 

model for providing guidelines to project applicants.  The US Water Resources Council 

(USWRC 1983), the Environmental Protection Agency (US EPA 1998; 2000a; 2000b; 

2004; 2010), and the Bureau of Ocean Energy Management (Smith et al. 1982; 

Anderson and LaBelle 1990; 1994; Anderson et al. 2012) all provide guidelines and 

principles for evaluation studies that enhance the quality and consistency of information 

for decision-makers in federal agencies responsible for reviewing the proposed projects.  

Guidelines should also describe good practices similar to those identified for risk 

assessment in Chapter 7.  These should include a clear statement of assumptions and 

limitations, effective characterization of uncertainties, and meaningful stakeholder 

involvement, among others.  Good practices could provide basic principles that guide the 

preparation of a regulatory application and describe actions that increase the likelihood 

that decision-makers obtain the best available information to adequately assess a 

project application with legislative approval criteria.  Increasing the quality of information 

that the JR Panel receives may reduce regulatory costs for the proponent by reducing 

the number of information requests and reply evidence that the proponent must prepare 

in response to inadequate information.  Explicit guidelines may also provide a measure 

of accountability, thereby increasing the consistency of information within a regulatory 

application, and among applications for different projects.  By doing so it may potentially 

increase the likelihood that the NEB would use its mandate under the NEBA to apply 

legislative decision-making criteria more uniformly to all projects.  
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10.1.3. Appoint Independent Experts to Prepare Impact 
Assessments 

A third recommendation relates to the conflict of interest on the part of project 

proponents completing an impact assessment of their own projects.  A project proponent 

has an inherent bias to seek project approval and may act in their own self-interest to 

minimize negative impacts and exaggerate project benefits.  This bias, referred to as the 

optimism bias, has been observed in several major development projects (Knight 1990; 

Gunton 2003; Flyvbjerg 2007; Joseph 2013).  The deficiencies identified in the 

evaluation of the NGP regulatory application in Chapters 5 and 7 are consistent with the 

existence of such a bias on behalf of ENGP and its consultants, although more analysis 

is required to tease out the nature of the relationship between the deficiencies and 

proponent bias.   

To address this potential optimism bias, the NEB should require independent 

experts to complete impact assessments for the regulatory application instead of project 

proponents.  The NEB could adopt an approach similar to that of the US Department of 

State, which uses third-party contractors to prepare an Environmental Impact Statement 

for proponents seeking federal regulatory approval for transboundary pipeline projects 

under the National Environmental Policy Act (USDS undated).  The US Department of 

State chooses the third-party contractor and has complete control over the scope, 

content and quality of the work, controls the schedule for completion, evaluates the 

analytical results, and retains ownership of the documents once complete (USDS 

undated).  Although the applicant must pay the third-party contractor to prepare the 

Environmental Impact Statement, the applicant is not able to control or influence the 

contractor and is only permitted to review the work before public release with 

authorization from the State Department (USDS undated).  A similar approach adopted 

by the NEB could reduce any optimism bias that exists from proponents preparing their 

own impact assessments and may improve stakeholder confidence in the findings of an 

impact assessment.   

I caution, however, that independent contractors do not eliminate the possibility 

of conflicts of interest or potential bias behaviour.  In the review process for the Keystone 

XL pipeline, opponents to the project alleged that the contractor hired by the US 
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Department of State had a business relationship with TransCanada, the project 

proponent (Parker 2013).  An investigation by the US Inspector General cleared the US 

State Department, TransCanada, and the third-party contractor of any bias that may 

have impacted the Environmental Impact Statement for the Keystone XL (Parker 2013).  

Nonetheless, these allegations could have reduced stakeholder confidence in the 

findings of the Environmental Impact Statement.  Therefore requiring independent 

experts to complete impact assessments for the NEB should include transparent 

measures for reducing any potential conflict of interest that may bias the findings of the 

impact assessment. 

10.1.4. Develop and Employ Specific Decision-making Criteria 

The current decision-making process enables the JR Panel to recommend a 

decision without clear justification.  The JR Panel is not required to identify specific 

decision criteria it uses to determine the likelihood of significant adverse environmental 

effects under the CEAA 2012, or the project need or public interest under the NEBA.  To 

address the considerable discretion and power the JR Panel has to apply its mandate 

under the NEBA and CEAA 2012, the NEB and CEA Agency should develop more 

explicit decision-making criteria that the JR Panel must use when weighing the evidence 

on the record.  These decision-making criteria should support project approval criteria in 

the NEBA and CEAA 2012 but describe more objective measures similar to those 

criteria identified in Chapter 2.  For example, approval of a project should be contingent 

on the project having a net benefit to Canada based on the results of a MACBA.  The JR 

Panel should be required to clearly demonstrate in its Panel Report how the proposed 

project satisfies each of the decision criterion and what evidence the JR Panel relied on 

to determine whether or not criteria were met.  The justification should also include a 

discussion regarding how much weight it put on intervener evidence versus proponent 

evidence, and how it reconciled differences in the evidentiary record where there were 

fundamental disagreements between stakeholders and the applicant.  Providing explicit 

decision-making criteria could increase transparency and accountability, and could 

increase stakeholder support for a project while reducing post-decision conflict and any 

potential lawsuits challenging a JR Panel’s decision.     
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10.1.5. Evaluate Alternative Projects Jointly 

The current project review process evaluates projects on a case-by-case basis 

instead of comparing the relative impacts of alternative projects.  This approach 

represents a major weakness and prevents decision-makers from choosing the project, 

or sets of projects, that are best able to meet Canada’s interest.  A revised regulatory 

review and decision-making process should evaluate the portfolio of proposed projects 

with similar purposes of delivering WCSB oil to international markets in order to compare 

and rank project alternatives according to the NEBA and CEAA 2012 approval criteria.  

MABCA represents a suitable method to undertake such an analysis given the method’s 

ability to evaluate the costs and benefits for different projects and inform decision-

makers of the relative advantages and disadvantages of various project alternatives 

(Shaffer 2010).  This approach has the potential to increase the efficiency of the 

regulatory review process by evaluating several projects at once, reducing regulatory 

costs required to review projects on an individual basis, and may increase stakeholder 

support by informing participants of the relative impacts of other projects and the 

reasons for recommending a particular project, or set of projects.   

The NEB could look to strategic EA as one potential model to help inform the 

redesign of the JRP.  Strategic EA is a higher-order approach to impact assessment that 

develops and assesses policies, plans, and programs and their alternatives according to 

a broader set of objectives (Noble and Gunn 2009).  Strategic EA has proceeded in one 

form or another in Canada since the 1970s with the Mackenzie Valley Pipeline inquiry in 

1974, the Beaufort Sea hydrocarbon review in 1982, and the review of nuclear fuel 

waste management and disposal in 1988 (Noble 2008).  Therefore there are numerous 

examples from which the NEB could draw for guidance reconfiguring the JRP to broaden 

the process’s myopic focus on evaluating individual projects. 

10.1.6. Improve Stakeholder Involvement in the Decision-making 
Process 

Although this dissertation focuses on methods to inform decision-making, the 

results show there are weaknesses in the JRP related to stakeholder participation in the 

decision-making process.  As described in Chapter 2, stakeholders participate in an 

adversarial process and there is no obligation to incorporate their interests in the final 
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decision.  The Governor in Council makes the final decision whether to approve a project 

based on the findings of the NEB and the NEB has the discretion to include any matter it 

finds relevant in its determination of the public interest since Canadian courts have held 

that this determination is based solely on the opinion of the NEB.   

There are several approaches to redesigning the JRP to improve stakeholder 

participation in the decision-making process.  Collaborative planning represents one 

approach that involves delegating planning directly to stakeholders who engage in 

negotiations in order to achieve consensus on planning decisions (Day et al. 2003; 

Gunton and Day 2003; Gunton 2007; Morton et al. 2011).  A facilitator often oversees a 

collaborative planning process and professional experts work with stakeholders to 

provide support and analysis during the process (Gunton 2007).  A collaborative 

planning process typically has four steps: (1) pre-negotiation or background preparation; 

(2) identifying stakeholders that will participate in the process; (3) negotiation, whereby 

stakeholders identify interests and options, engage in fact-finding, negotiate packaged 

options, and come to an agreement; and (4) post-negotiation that involves 

implementation and monitoring (Gunton and Day 2003).  Compared to other planning 

models, there is a higher likelihood that collaborative planning will reach a decision on a 

plan, develop a plan that is in the public interest, successfully implement a plan, and 

create social capital among participants (Gunton and Day 2003).   

Structured decision-making represents another model for improving public 

involvement in decision-making.  Structured decision-making engages multiple 

stakeholders in a dialogue that incorporates scientific facts and stakeholder values 

(Gregory and Long 2009; Gregory et al. 2012b; Failing et al. 2013).  Similar to 

collaborative planning, a facilitator or analyst leads a process whereby stakeholders 

structure a problem, identify and evaluate alternatives based on performance criteria, 

and choose among alternatives that are in the public interest (Gregory and Long 2009).  

Structured decision-making focuses on the decision context, improves learning and 

understanding among stakeholders, and engages multiple parties in each step of the 

process to work together toward a collaborative decision (Gregory and Long 2009; 

Gregory et al. 2012b; Failing et al. 2013).   
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The NEB should consider redesigning the JRP based on planning processes 

such as collaborative planning and structured decision-making that collaboratively 

engage stakeholders in the decision-making process.  The JR Panel could act as a 

facilitator and independent experts hired directly by the NEB could provide support to 

stakeholders as they identify and evaluate alternatives and work collaboratively toward 

an agreement on the project or projects that meet the public interest.  Given the 

opposition to controversial projects such as the NGP, the federal government would be 

remiss to approve major pipeline projects without the consent of stakeholders.  Indeed, a 

collaborative decision-making approach involving multiple parties is an important step 

toward obtaining the social licence required to build and operate these contentious 

projects.   

10.2. Future Research 

This research focuses on methods used to provide information to decision-

makers in the regulatory review process for pipeline projects.  There is value in 

completing further research in this area.  Future research could evaluate the analytical 

methods used in regulatory applications to assess the likelihood of significant adverse 

environmental effects under the CEAA 2012 other than spill impacts.  My evaluation 

focuses on the methods used to assess the likelihood of spills, which is the one potential 

impact of the NGP most likely to cause significant adverse environmental effects.  

Indeed, the JR Panel determined that economic, environmental, and societal costs of a 

large spill would be significant but states that the likelihood of accidents is very low 

(ENGP JRP 2013e, Vol. 1 p. 72-73).  However, the JR Panel also determined that 

effects of the NGP would likely be significant after implementation of mitigation 

measures for populations of woodland caribou and grizzly bear (ENGP JRP 2013e, Vol. 

1 p. 72).  Future research could evaluate the analytical methods that the proponent used 

to determine the likelihood of significant adverse environmental effects to woodland 

caribou and grizzly bear as well as the methods used to evaluate any other valued 

components that could be negatively impacted by the NGP.  This research would 

provide additional data regarding the quality of information in regulatory applications.  

This information could then be used in a MABCA to determine if the significant adverse 

effects were justified by benefits of the project exceeding the costs. 
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There is also opportunity to build on my application of MABCA.  I apply MABCA 

to the NGP to test the capability of the method for evaluating major pipeline projects in 

Canada.  Future applications of the MABCA framework could evaluate the relative 

advantages and disadvantages of various project alternatives.  A weakness of the 

MABCA in Chapter 9 is its singular focus on the NGP as I did not undertake a 

comparative analysis due to the large challenges involved in doing so.  However, 

MABCA should compare several project alternatives that are consistent with the purpose 

of the project under evaluation.  Potential scenarios in an MABCA of a pipeline project 

could include various reconfigurations of the project, alternative pipeline options, rail and 

barge projects, and other investment opportunities in energy and non-energy projects.  

This approach would provide decision-makers with the comparative costs and benefits of 

each alternative and identify the trade-offs associated with adopting a particular course 

of action. 

Another area of potential research is comparing different evaluation methods.  I 

use MABCA because of the method’s capability to provide key information to decision-

makers relevant to project approval criteria.  However, there are other methods such as 

cost-effectiveness analysis that might also provide relevant information to decision-

makers in the project review process.  Cost-effectiveness analysis is an alternative 

analytical method to CBA that compares project alternatives using the ratio of costs to a 

single effectiveness measure such as kbpd in the case of pipeline projects (Boardman et 

al. 2011).  Cost effectiveness avoids the challenge of monetizing all costs and benefits in 

traditional CBA (Boardman et al. 2011).  Cost-effectiveness analysis could be useful to 

compare the relative efficiency of a portfolio of proposed projects, such as the six major 

pipeline projects either proposed or approved in Canada with an in-service date before 

2020.  

Finally, future research should look at options for redesigning the JRP from an 

adversarial process to a collaborative one that directly engages stakeholders in the 

process.  As discussed in the previous section, there are several approaches to 

redesigning the JRP to improve stakeholder participation in the decision-making 

process.  Given the potential for successful outcomes associated with increased public 

participation in planning processes (Gunton and Day 2003; Gregory and Long 2009), 
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additional research should be undertaken to assess the suitability of a more 

collaborative approach to the federal regulatory review of major pipeline projects.  
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Appendix A.  
 
Statement of Co-authorship 
A portion of the material contained within this dissertation is based on three consulting reports 
jointly authored by Dr. Thomas Gunton and I on behalf of Coastal First Nations.  The three 
reports include: 

1.  A Review of Potential Impacts to Coastal First Nations from an Oil Tanker Spill 
Associated with the Northern Gateway Project. 

2.  A Public Interest Assessment of the Enbridge Northern Gateway Project.  

3.  A Spill Risk Assessment of the Enbridge Northern Gateway Project. 

The first study entitled A Review of Potential Impacts to Coastal First Nations from an Oil Tanker 
Spill Associated with the Northern Gateway Project was submitted by Coastal First Nations as 
evidence to the Joint Review Panel for the Enbridge Northern Gateway Project in January 2012.  
I was the primary author and Dr. Gunton was secondary author of this report and I use material 
from this study in Chapter 3 of my dissertation. 

The second study entitled A Public Interest Assessment of the Enbridge Northern Gateway 
Project was also submitted by Coastal First Nations as evidence to the Joint Review Panel for the 
Enbridge Northern Gateway Project in January 2012.  Dr. Gunton was primary author and I was 
secondary author of this report.  I relied on some of the material in this report in Chapters 5 and 9 
of my dissertation, but I significantly revised and extended the analysis.  

The third study entitled A Spill Risk Assessment of the Enbridge Northern Gateway Project was a 
research paper released in April 2013 independent from the Joint Review Process for the 
Enbridge Northern Gateway Project.  I was the primary author and Dr. Gunton was the secondary 
author of this report and I use material from this research paper in Chapters 6, 7, and 8 of my 
dissertation. 

Funding for all three reports was provided by Coastal First Nations and Mitacs Accelerate, a 
federally-funded research internship program.  The content in all three reports was developed 
independently by Dr. Gunton and I and neither Coastal First Nations nor Mitacs had any influence 
on the development, analysis, or results in all three studies.  
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Appendix B.  
 
Comparison of Multiple Account Benefit-Cost Analysis with 
Wright Mansell Cost-Benefit Analysis 
ENGP prepared a CBA in response to evidence submitted by interveners two years after the 
regulatory application was submitted in 2010 (I describe the WM CBA in Chapter 4).  The MABCA 
in Chapter 9 comes to a different conclusion than the CBA prepared by WM (2012) as reply 
evidence.  The WM CBA concludes that the NGP generates net benefits of $23.5 billion under 
base case assumptions, with a range from ($0.2) billion to a high of $23.5 billion (Table A-1).  The 
positive net benefit result is driven by the assumed price uplift without which the WM CBA 
concludes that the NGP imposes an overall net cost of $209 million.   

 

Table B1. Comparison of MABCA with WM CBA 

Impact 
NPV at 8% (in millions 2012 CAD) 

Base Case WM CBA Range MABCA Range 
WM MABCA Lower Upper Lower Upper 

Net Direct Cash Flows from Project 287 (800) (239) 287 (765) 19 
Cost of Surplus Capacity (416) (725) (831) (416) (1,362) 0 
Employment Benefit 41 0 37 41 0 0 
Net Canadian Oil Price Uplift 23,742 0 0 23,742 0 2,502 
Environmental Costs (Total) (122) (2,398) (245) (122) (24,705) (1,329) 

Air Pollution n/a (60) n/a n/a (116) (4) 

Greenhouse Gases (32) (153) (63) (32) (175) (32) 

Ecosystem Goods and Services (9) (52) (18) (9) (707) (8) 

Operational Oil Spills (81) (929) (164) (81) (5,195) (82) 

Passive Use Values 0 (1,204) 0 0 (18,513) (1,204) 

Total  23,533 (3,496) (209) 23,533 (25,803) (1,452) 
Source: WM (2012). Note: WM (2012) did not estimate air pollution costs from the NGP; Total 
environmental costs represent the sum of individual environmental costs identified with italics. 

The principal differences between the WM CBA and my MABCA for the NGP relate to pipeline 
operation, cost of surplus capacity, oil price uplift, and environmental costs.  I estimate net direct 
cash flows from the project of ($800) million with property taxes, whereas Wright Mansell 
estimates project costs of $287 million with property and income taxes.  The WM CBA uses a 
Cost of Service model to estimate cash flows from the NGP, although the authors do not disclose 
the parameters of the model, data used to estimate cash flows, or any assumptions or 
simplifications required for their calculations.  Alternatively, I estimate benefits from the NGP as 
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shippers’ WTP to ship crude oil to Asia based on shipment costs to alternative markets, 
particularly the US Gulf Coast. 

Second, my estimate of the cost of unused capacity of NPV $725 million is higher than the WM 
cost of NPV $416 million, although my estimate falls within the range of estimates in the WM 
CBA.  Differences in the cost of unused capacity are likely due to different assumptions regarding 
pipeline utilization and the methodological approach estimating costs.  An issue with the WM CBA 
estimate is that the cost of surplus capacity is based on costs to the existing Enbridge pipeline 
system only, which is incorrect.  From a CBA perspective, the costs of shipping on the existing 
Enbridge pipeline system are only the marginal operating costs since the system is already built 
and the construction costs are sunk costs.  The decision to build a new pipeline is based on 
covering the operating costs of the new pipeline plus the capital costs.  Therefore, the relevant 
comparison to estimate the cost of surplus capacity is the increased cost of shipping on the new 
line (i.e. NGP) relative to the option of shipping the same volume on the existing line, which are 
capital and operating costs on the new line less only operating costs for the same volume on the 
existing line.  Further, WM does not provide the data on surplus capacity by year and relies on 
the updated MS (2012) report, which provides limited information on pipeline utilization capacity 
that makes it difficult to evaluate the assumptions used and the validity of the surplus capacity 
forecast.  Due to the lack of detail on how WM estimated the cost of surplus capacity it is not 
possible to determine the difference in cost estimates between operating costs from the existing 
pipeline and both capital and operating costs for the NGP. 

Assumptions regarding the price uplift are the most significant factor explaining the difference 
between the WM CBA and the MABCA.  WM includes an oil price uplift benefit and extends it 
over the life of the project to 2048.  I exclude the oil price uplift in the base case of my MABCA 
due to the significant uncertainties associated with the magnitude and duration of any price 
benefit from shipping Canadian oil to Asia (see Chapter 5 for discussion).  In the sensitivity 
analysis, I assume that half the oil price uplift occurs over a 5 year period and omit the portion of 
the oil price uplift benefit that accrues to non-Canadians as suggested by TBCS (2007).  WM 
includes the portion of the oil price uplift accruing to non-Canadians, which significantly 
overstates benefits. 

Fourth, I include costs associated with air pollution from construction and operation of the project 
that range from $4 to $116 million over the life of the project.  The WM CBA excludes costs 
associated with air pollution without providing any rationale for omitting these costs. 

Fifth, I estimate GHG costs based on the mean social damage cost of carbon from Tol (2011) and 
the price of CO2e required to meet Canada’s GHG reduction targets from NRTEE (2009).  The 
per-tonne cost of CO2e in the MABCA is as much as five times higher than the $20 per tonne 
used in the WM CBA based on government set rates for carbon offsets in AB and BC that fail to 
represent the long run emissions abatement or damage costs.  The other difference is that I 
include GHG costs related to induced production for the price uplift scenario in a sensitivity 
analysis while WM excludes all GHG costs associated with oil production from reinvestment of 
the price uplift. 

Sixth, my base case estimate of NPV ($52) million for EGS based on the Ruth and Gasper (2011; 
2012) studies exceeds the NPV ($8) million in the WM CBA.  I estimate a wide range of EGS 
values based on studies submitted during the regulatory review process that includes a lower 
bound NPV of ($8) million based on Anielski (2012) and an upper bound estimate of ($707) 
million based on Ruth and Gasper (2012).  I use the base case value of NPV ($52) million in EGS 
costs based on adjusted values from Ruth and Gasper (2012) since this study obtains EGS 
values from a comprehensive and documented review of peer-reviewed scientific literature. 

Seventh, my estimation of oil spill costs is different than the WM CBA.  For tanker spills, I use the 
same oil spill damage costs as the WM CBA, although I recognize that actual oil spill costs may 
be higher due to weaknesses in the methodological approach to estimating spill costs.  To 
estimate tanker spill probabilities I use the OSRA model data for the period 1994-2008 since the 
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methodological approach to estimating tanker spill probabilities in the NGP regulatory application 
contains many weaknesses (see section 7.5).  Therefore the difference in damage costs for 
tanker spills is due to probability only.  For pipeline spill costs, I use the BOSCEM from the US 
Environmental Protection Agency since the exact source for pipeline spill costs used in the WM 
CBA is unclear.  To estimate pipeline spill probabilities, I use spill data for the Enbridge Liquids 
Pipeline System between 2002 and 2010 that was submitted as evidence during the JRP (ENGP 
2011d).  Pipeline spill probabilities in the NGP regulatory application contain several weaknesses 
that underestimate spill risk, which I discuss in Chapter 7.  There is a very high uncertainty 
regarding both spill costs and spill likelihood and the range provided in the WM CBA does not 
capture this uncertainty. 

Eighth, my MABCA includes passive use values whereas the WM (2012) CBA omits these 
damage costs.  WM rejects the relevance of the EVOS and COS studies estimating passive use 
values for oil tanker spills.  The main argument put forth by WM for omitting passive use values is 
that findings from the EVOS and COS studies are not applicable to the NGP because mitigation 
measures (i.e. escort ships and double-hull tankers) used in both studies would already be 
implemented in the NGP.  This assertion is based on a misunderstanding of the methodology 
underlying the Carson et al. (2003) and Carson et al. (2004) studies.  The mitigation measures 
mentioned in the EVOS and COS studies are used to elucidate measures that could be 
implemented to make the contingent valuation study plausible to survey respondents.  Without a 
plausible scenario, the validity of the results of a contingent valuation study is questionable 
(Carson et al. 2004 p. 11f).  Carson et al. (2004) and Carson et al. (2003) asked respondents how 
much they would be willing to pay to implement specific mitigation measures to prevent another 
spill, not reduce the likelihood of another spill, and so respondents to the WTP survey are paying 
to eliminate the possibility of a spill that would occur in the absence of any mitigation measures. 
Thus while the programs to reduce spills in the EVOS and COS surveys include mitigation 
measures such as double-hull tankers and escort tugs, the underlying good that respondents are 
willing to pay for is a program that prevents a spill.  It is this underlying good of preventing a spill 
that is being estimated, not the provision of mitigation measures that may reduce the likelihood of 
a spill.  The fact that the NGP may include similar mitigation measures may be relevant in 
generating the probability estimates to calculate the expected value of passive value damages 
but are not relevant to the estimate of passive values damages if a spill occurs.  Accepting WM’s 
interpretation leads to the obviously fallacious conclusion that if an Exxon Valdez type spill 
occurs, there would be no passive value damages because there were escort tugs that reduced 
the likelihood of the spill. 

Further, WM (2012, p. 125) claims that passive use values would be low because mitigation 
measures would minimize project impacts and ecosystems would recover.  This assumption fails 
to recognize any potential long-term impacts associated with a spill.  As of 2010, 19 of the 32 
resources negatively impacted by the EVOS have yet to recover (EVOSTC 2010).  Moreover, 
both the EVOS and COS studies generate large estimates of passive use values even though 
Carson et al. (2004) and Carson et al. (2003) characterized the damages as short term in their 
surveys.  Carson et al. (2004, p. 194) assumed that the environment would recover within 5-10 
years in the case of the COS study and assumed that the environment would recover within 5 
years in the case of the EVOS.  Therefore the EVOS and COS studies show that passive use 
values are high even with a shorter-term recovery than actually occurred.  In fact, given that the 
damages could persist longer than stated in the COS and EVOS studies based on the EVOS 
actual recovery rates, passive use damages could be higher than those estimated by Carson et 
al. (2004) and Carson et al. (2003). 

In summary, my analysis differs from the CBA prepared as reply evidence by WM (2012) 
although there is agreement between my MABCA and the WM CBA that the NGP would impose 
a net cost to society in the absence of the oil price uplift.  The comparison of both methods shows 
that there are many options in applying the CBA methodology that can produce different results. 
The difference in analyses is largely due to divergent assumptions for key input parameters.  As I 
discuss in Chapters 5 and 7, the range of assumptions used in the WM CBA does not reflect the 
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uncertainty and environmental risks involved with the project and thus the WM CBA likely 
overstates the benefits of the project and understates the costs.  These differences between the 
WM CBA and my MABCA suggest the importance of having explicit guidelines for conducting 
MABCA and studies on which MABCA rely such as probability assessment.  Presently there are 
no CBA guidelines provided by the NEB.  
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