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Abstract 

Rapid lateral urban expansion, in conjunction with a mandate for increased residential density, has 

forced urban planners, regulators, developers and communities to re-consider the valuable land in 

and around legacy land disposal sites within the broader context of sustainable development (SD). 

These sites are places where undifferentiated municipal, commercial, and industrial wastes were 

historically disposed of onto the ground surface without regulatory approval or specific engineered 

or administrative controls. Here it is argued that existing tools and frameworks for managing 

legacy disposal sites fit into one of three proposed “Technical-, Regulatory- and Financial- Silos” 

that have been dealt with as insular, or disconnected, entities. It is further contended that the three 

Silos ultimately give rise to a Critical Decision Point that incents individuals, corporations and 

governments to adopt a “Defer, Divest or Default” (DDD) management strategy which may be ill-

suited to achieving the ultimate objectives set by governments for Sustainable Development (SD). 

To address these issues, this thesis proposes a novel Unified Sustainable Development framework 

(USD) that includes a qualitative SD Risk Analysis within an iterative Quality and Environmental 

Management System (QMS/EMS). The proposed USD seeks to improve integration of the three 

Silos, discourage the selection of DDD management strategies and bridge the gaps that can emerge 

between the discrete “time horizons” in the lifecycle of a legacy disposal site. Two case studies of 

legacy disposal sites are presented to illustrate how the current tools and frameworks in the absence 

of a USD, or equivalent strategy, can produce divergent outcomes, some of which may not lead to 

a successful integration into urban communities. To this end, several existing models for set-aside 

funding mechanisms to remediate and settle the environmental liability associated with legacy 

disposal sites are examined. These models could provide practical, and immediate, guidance to 

legislators and regulators for funding mechanisms that may enhance the potential for adequate 
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remediation of such sites. I posit that application of the USD framework in provincial/state 

governments and municipalities across North America may provide more consistent and effective 

outcomes for legacy disposal sites while facilitating alignment with SD policy goals; namely, 

achieving an enhanced balance of intergenerational costs and benefits. 



iv 

Acknowledgements 

This thesis is the waypoint in a long journey of scientific discovery and personal growth. It could 

not have happened without the love and support of many family friends and colleagues, only a few 

of whom are recognized below.  

 

I would like to thank my loving wife, Cheryl Whyte, and my children, Megan and Emily, for their 

undying support, even when I had to disappoint them by missing their ski races and our regularly 

scheduled Wednesday night “dance fights”. I also want to acknowledge my mother, Joan Whyte, 

and my sister, Julia Whyte, who both supported me unfailingly over the years and through my long 

academic journey. 

 

My thanks go out to the following people who each contributed in their own unique way. Dr. David 

Reynolds, who motivated me to enter the PhD program and helped me find a path forward. Dr. 

Klas Öhman, who met for countless breakfasts at Phil’s on Glenmore Trail to review documents 

and provide me with technical counsel for my research. David Griffiths, BSc. who worked 

tirelessly to help me format this thesis, and always encouraged me with a smile and “you can do 

it” attitude. Finally, I would like to express my gratitude to my supervisory committee: Dr. Shelley 

Alexander, Dr. Irene Herremans, and my supervisor Dr. Dianne Draper for believing in me and 

making the journey so enjoyable and enriching.  

 

I would like to add a special acknowledgement for Dr. Ron Wallace, who was my inspiration, 

mentor, editor, and toughest critic. You helped me to soar to new heights greater than I could 

imagine.  



v 

Dedication 

This thesis is dedicated to the memory of my father, Allan Harry Whyte, who was a cutting-edge 

geoscientist, wonderful father, an avid cyclist, and an incredible human being. Even though you 

have missed most of my adult life, I still feel your presence and kind words of encouragement in 

everything I do. You will always be dearly loved and missed. 

 



vi 

Table of Contents 

Abstract ............................................................................................................................... ii 
Acknowledgements ............................................................................................................ iv 

Dedication ............................................................................................................................v 
Table of Contents ............................................................................................................... vi 
List of Figures and Illustrations ......................................................................................... xi 
List of Plates ..................................................................................................................... xii 
List of Symbols, Abbreviations and Nomenclature ......................................................... xiii 

Epigraph .............................................................................................................................xv 

CHAPTER ONE: INTRODUCTION ..................................................................................1 
1.1 Overview ....................................................................................................................1 

1.2 Research Perspective .................................................................................................3 
1.3 Statement of the Problem ...........................................................................................5 
1.4 Background ................................................................................................................6 

1.5 Sustainable Development (SD) ................................................................................11 
1.6 Alternative SD Taxonomy - the Silo Approach .......................................................17 

1.6.1 Technical (replaces Ecological) ......................................................................18 
1.6.2 Regulatory (replaces Social Considerations) ...................................................18 
1.6.3 Financial (replaces Economic) ........................................................................19 

1.7 Chapter Conclusion ..................................................................................................20 
1.8 Research Goals and Objectives ................................................................................21 

1.8.1 Methodology ....................................................................................................23 
1.9 Organization of the Thesis .......................................................................................23 

CHAPTER TWO: TOOLS AND FRAMEWORKS .........................................................28 
2.1 Overview ..................................................................................................................28 

2.2 Technical (Environmental) ......................................................................................29 
2.2.1 Introduction .....................................................................................................29 
2.2.2 Phase I ESA .....................................................................................................33 

2.2.3 Discussion ........................................................................................................33 
2.2.4 Phase II ESA and Delineation ESA .................................................................34 

2.2.5 Conceptual Site Model ....................................................................................35 
2.2.6 Discussion ........................................................................................................35 

2.2.7 Risk Management ............................................................................................36 
2.2.8 Discussion ........................................................................................................37 

2.2.9 Remediation .....................................................................................................37 
2.2.10 Discussion ......................................................................................................38 
2.2.11 Technical (Environmental) Conclusion .........................................................39 

2.3 Regulatory (Social Considerations) .........................................................................40 
2.3.1 Introduction .....................................................................................................40 

2.3.2 Setbacks ...........................................................................................................42 
2.3.3 Discussion ........................................................................................................45 
2.3.4 Legislation .......................................................................................................45 
2.3.5 Discussion ........................................................................................................47 
2.3.6 Polluter Pays Principal ....................................................................................48 



vii 

2.3.7 Contaminated Sites Policy Framework ...........................................................49 

2.3.8 Applicable Guidelines .....................................................................................49 
2.3.9 Regulatory Closure ..........................................................................................52 
2.3.10 Regulatory (Social Considerations) Conclusion ...........................................53 

2.4 Financial (Economic) ...............................................................................................56 
2.4.1 Introduction .....................................................................................................56 
2.4.2 Financial Labilities: The Polluter Pays Principal ............................................57 
2.4.3 Site-Specific Liability Assessment ..................................................................58 
2.4.4 Contingent Environmental Liabilities .............................................................60 

2.4.5 Asset Retirement Obligations ..........................................................................61 
2.4.6 Generation Adjusted Discounting ...................................................................62 
2.4.7 Public Sector Accounting Board (PSAB) 3260 and 3270 ...............................64 
2.4.8 Qualitative SD Risk-Analysis Tool .................................................................66 

2.4.9 Financial (Economic) Conclusion ...................................................................73 
2.5 Chapter Conclusion ..................................................................................................75 

CHAPTER THREE: GAPS IN TOOLS AND FRAMEWORKS: TWO APPLIED CASE 

STUDIES ..................................................................................................................82 

3.1 Overview ..................................................................................................................82 
3.2 Case Study One: Legacy Land Disposal Site in High River, Alberta .....................84 

3.2.1 Introduction .....................................................................................................84 

3.2.2 Discussion ........................................................................................................86 
3.2.3 Background ......................................................................................................86 

3.2.3.1 General ...................................................................................................86 
3.2.3.2 Physiographic Setting ............................................................................87 

3.2.3.3 Site-specific Conditions .........................................................................88 
3.2.4 Discussion ........................................................................................................89 

3.2.5 Site History ......................................................................................................90 
3.2.6 Flooding in 2013 ..............................................................................................92 
3.2.7 Discussion ........................................................................................................94 

3.2.8 Technical .........................................................................................................95 
3.2.9 Discussion ........................................................................................................98 

3.2.10 Regulatory .....................................................................................................99 
3.2.11 Discussion ....................................................................................................103 

3.2.12 Financial ......................................................................................................103 
3.2.13 Discussion ....................................................................................................105 

3.3 Case Study Two: Unregulated Legacy Disposal Site in Calgary, Alberta ............105 

3.3.1 Introduction ...................................................................................................105 
3.3.2 Discussion ......................................................................................................108 
3.3.3 Background ....................................................................................................108 

3.3.3.1 General .................................................................................................108 

3.3.3.2 Physiographic Setting ..........................................................................109 
3.3.3.3 Site-specific Conditions .......................................................................110 

3.3.4 Discussion ......................................................................................................110 
3.3.5 Technical .......................................................................................................111 
3.3.6 Discussion ......................................................................................................113 



viii 

3.3.7 Digital Elevation Model (DEM) and Triangular Irregular Network (TIN) Model

........................................................................................................................114 
3.3.8 Discussion ......................................................................................................117 
3.3.9 Regulatory .....................................................................................................117 

3.3.10 Financial ......................................................................................................119 
3.3.11 Discussion ....................................................................................................122 

3.4 Application of the Qualitative SD Risk-Analysis Tool .........................................123 
3.5 Chapter Conclusion ................................................................................................127 

CHAPTER FOUR: LEGACY DISPOSAL SITES AND THE CRITICAL DECISION 

POINT .....................................................................................................................130 
4.1 Overview ................................................................................................................130 
4.2 Critical Decision Point ...........................................................................................131 

4.3 Discussion ..............................................................................................................134 
4.4 Critical Decision Point Issues: Ethical Considerations and Financial Discounting138 

4.4.1 Ethical Considerations ...................................................................................139 

4.4.2 Discussion ......................................................................................................143 
4.4.3 Financial Discounting ....................................................................................144 

4.4.4 Discussion ......................................................................................................150 
4.5 Time-related Behaviors ..........................................................................................152 
4.6 Time Horizons and the Critical Decision Point .....................................................153 

4.7 Discussion ..............................................................................................................156 
4.8 Chapter Conclusion ................................................................................................156 

CHAPTER FIVE: CONCLUSION – UNIFIED SUSTAINABLE DEVELOPMENT 

FRAMEWORK.......................................................................................................160 

5.1 Overview ................................................................................................................160 
5.2 Major Conclusions/Gaps in Current Tools and Frameworks ................................161 

5.2.1 Inconsistent Outcomes ...................................................................................161 
5.2.2 Insular and Disconnected Management Tools and Frameworks ...................162 
5.2.3 Preference for Defer, Divest and Default Strategies .....................................162 

5.2.4 Inadequate Collection and Funding Mechanisms ..........................................163 
5.2.5 Insufficient long-term environmental quality data ........................................163 

5.3 Sustainable Development as a Quality Management System ................................164 
5.4 A Unified Sustainable Development Framework (USD) ......................................168 

5.5 Proposed Solutions Within Unified Sustainable Development Framework (USD)170 
5.5.1 Implement Long-term SD Strategies Based on a QMS/EMS .......................170 

5.5.1.1 ISO 9001 Quality Management Systems (QMS) ................................171 
5.5.1.2 PDCA Cycle (“PERI”) .........................................................................172 
5.5.1.3 ISO 14001 Environmental Management System (EMS) .....................173 

5.5.2 Transparent and Accurate Recognition of Contingent Liabilities .................175 
5.5.3 Central Database for Environmental Quality Assessment and Monitoring ..176 

5.5.4 Resolution Mechanisms .................................................................................176 
5.6 Final Discussion .....................................................................................................181 

APPENDIX A ..................................................................................................................186 



ix 

APPENDIX B ..................................................................................................................187 

APPENDIX C ..................................................................................................................188 

APPENDIX D ..................................................................................................................194 

REFERENCES ................................................................................................................227 



x 

List of Tables 

Table 1. Summary of Risk Management Costs .......................................................................... 120 

Table 2. Summary of Landfilling vs. Recycling and Re-Use. .................................................... 122 

Table 3. Comparison of Case Studies 1 and 2 ............................................................................ 128 

 



xi 

List of Figures and Illustrations 

Figure 1. Sustainability Potential Analysis Triangle (Lang et al., 2007) ..................................... 16 

Figure 2. Methodology Process .................................................................................................... 24 

Figure 3. Risk Triangle ................................................................................................................. 67 

Figure 4. Low-Risk/High Probability of Integration .................................................................... 70 

Figure 5. High Risk/Low Probability of Integration ..................................................................... 71 

Figure 6. Medium-Risk/Moderate Probability of Integration ....................................................... 72 

Figure 7. Risk-Analysis for Case Study 1: Legacy Land Disposal Site in High River, Alberta 124 

Figure 8. Risk-Analysis for Case Study 2: Unregulated Disposal Site in Calgary, Alberta ....... 125 

Figure 9. Liability Uncertainty vs. Management Cost ................................................................ 137 

Figure 10. Successful Integration of Unified Sustainable Development Framework ................ 169 

 



xii 

List of Plates 

Plate 1. Active and Legacy Landfills in Calgary, Alberta .......................................................... 183 

Plate 2. Modern Legacy Land Disposal Site ............................................................................... 184 

Plate 3. Contemporary Engineered Landfill ............................................................................... 185 

 



xiii 

List of Symbols, Abbreviations and Nomenclature 

Definition Symbol 

  

Alberta Energy Regulator  AER 

Alberta Environment and Parks  AEP 

Alberta Environment and Sustainable Resource Development  ESRD 

Association of Professional Engineers and Geoscientists of Alberta APEGA 

Area Structure Plan  ASP 

Asset Retirement Obligations  ARO 

Benzene, Toluene, Ethylbenzene, Ortho-, Meta-, and Para-Xylenes BTEX 

Census Metropolitan Area  CMA 

Chemicals of Concern  CoC 

Conceptual Site Model  CSM 

Critical Decision Point  CDP 

Defer, Divest, or Default  DDD 

Digital Elevation Model  DEM 

Discounted Cash Flow  DCF 

Dissolved Organic Carbon  DOC 

Environmental Management System  EMS 

Environmental Protection and Enhancement Act  EPEA 

Environmental Site Assessment  ESA 

European Union  EU 

Generation Adjusted Discounting  GAD 

International Financial Reporting Standards  IFRS 

Landfill Inventory Management Ontario  LIMO 

Light Detection and Ranging  LiDAR 

Management System  MS 

Metres Above Sea Level  masl 

Metres Below Ground Surface  mbgs 

Municipal Solid Waste  MSW 

National Energy Board of Canada  NEB 

Net Present Value  NPV 

Operations Management Systems  OMS 

Organization for Economic Cooperation and Development  OECD 

Orphan Well Association  OWA 

Plan, Execute, Review and Improve  PERI 

Plan, Do, Act, Check  PDAC 

Polluter Pays Principle  PPP 

Present Value  PV 

Public Sector Accounting Board  PSAB 

Public Sector Accounting Board  PSAB 

Quality Management System  QMS 

Real Time Kinematic  RTK 

Site Specific Liability Assessment SSLA 

Standard Operating Procedures  SOPs 



xiv 

Subdivision and Development Regulation  SDR 

Subdivision or Development Authority  SDA 

Sustainable Development  SD 

Sustainable Potential Analysis  SPA 

Triangular Irregular Network  TIN 

Unified Sustainable Development  USD 

United States Environmental Protection Agency  USEPA 

 



xv 

Epigraph 

“Sustainable development is a term that everyone likes, but nobody is sure of what it means (at 

least it sounds better than “unsustainable non-development”).” (Daly, 1996) 
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Chapter One: Introduction 

 

“Garbage has to be the poem of our time because garbage is spiritual, believable enough to get 

our attention, getting in the way, piling up, stinking, turning brooks brownish and creamy white: 

what else deflects us from the errors of our illusionary ways, not a temptation to trashlessness, 

that is too far off and, anyway, unimaginable, unrealistic” . . . (Ammons, 1993) 

 

1.1 Overview 

My research differentiates between active and non-active, non-hazardous, municipal solid waste 

landfills, that are regulated under an approval or are specifically recognized as landfills by the 

provincial government or what I refer to hereinafter as “legacy land disposal sites”. Plate 1 

provides an overview of the land disposal sites in and around Calgary. These are areas traditionally 

referred to as “nuisance grounds” or “dump-sites” (LWG, 2015). They contain undifferentiated 

waste that has been placed on the ground surface without any engineered or administrative control 

and, that do not have an approval from the jurisdiction with authority (Tchobanoglous et al., 1993). 

A model legacy disposal site is provided in Plate 2, and for comparison, a contemporary 

engineered landfill is provided in Plate 3. I provide greater detail and a discussion later in this 

thesis regarding the criteria that make these sites particularly problematic and unpredictable, and 

why they can represent a material threat to human health and the environment. My findings also 

indicate that, in many cases, the language employed by regulators, municipalities and other 

stakeholders can be confusing and misleading. In practice, these groups prefer not to refer to dump-

sites or nuisance grounds as such, instead preferring to call them collectively “landfills”. This 

practice can, intentionally or unintentional, create a wrongful impression that all such disposal 
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sites share commonalities, including the positive attributes of modern engineered landfills, which 

they typically do not (Tchobanoglous and Kreith, 2002).  

 

While this thesis touches broadly on the commonalities associated with all legacy disposal sites 

across Canada and North America, its scope and focus is Alberta, Canada. This area was selected 

to provide my base of research for several reasons:  

 

1) The province includes several large cities and towns along with a host of smaller communities 

that are spread across a broad geographic area, all of which are attempting, to some degree or 

another, to deal with legacy dump-sites (Lavalin, 1982); These attempts at site management 

increasingly must recognize the comprehensive public accounting sector requirements under 

PS3260 and PS3270 for disclosure and accurate accounting of long-term liabilities associated with 

contaminated sites and solid waste landfills starting as of April, 2014 (KPMG, 2013);  

2) Larger urban centers are increasingly forced to pro-actively, and comprehensively deal with the 

issues associated with managing these sites (The City of Red Deer, 2017) with the ultimate goal 

of creating a site lifecycle aligned with SD principles;  

3) There are well documented case studies in Alberta that provide examples of successful 

encroachment in and around legacy land disposal sites including the Quarry Park development, 

the Telus World of Science, portions of the Calgary Zoo and Glacier Ridge developments (Cirrus, 

2015b). There are also cases where mixed, or negative results occurred as the result of 

encroachment, including the legacy land disposal site in High River, Alberta adjacent to the 

Sunshine Meadows and Hamptons developments (Cirrus, 2014a); and,  



 

3 

4) The strong presence of oil and gas operations in Alberta and the scrutiny of it’s stewardship has 

arguably led to the creation of one of the most comprehensive regulatory regimes in North America 

(Alberta, 2012b). It is a robust framework, comprised of “Directives”, and ancillary documents, 

that include prescriptive tools and methods for identifying, calculating, recognizing and the 

managing long-term liabilities associated with oilfield waste, contaminated sites, pipeline and 

facility infrastructure.  

 

While the scope of this research does not extend to the oil and gas sector, it does provide many 

parallel examples of lifecycle issues related to legacy disposal sites including waste management, 

financial reporting, funding mechanisms for settling long-term liabilities and social capital. It also 

highlights the failure of the current tools and frameworks to adequately address these issues under 

a SD strategy that has not been fully operationalized. This is evidenced by the thousands of orphan 

well sites, pipelines and facilities, and other contaminated lands (OWA, 2017) that require public 

funding and management due to insolvency and by what has been termed a “crisis of systemic 

unfunded liabilities” (Rogers and Atkins, 2015). 

 

1.2 Research Perspective 

My reasons for conducting the research contained in this thesis are twofold: Firstly, in my 21 years 

as an environmental consultant, I have been involved in the long-term assessment, monitoring, 

management, and remediation of legacy land disposal sites across Western Canada and in parts of 

the United States. During that time, I observed that there were gaps between the various tools and 

frameworks used to manage these types of sites; and, that these gaps frequently gave rise to 

mismanagement, costly development delays, incomplete understanding of risks to human health 
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and the environment, and an overall misalignment with public policy regarding sustainable 

development and the productive use of negatively impacted lands. 

 

Secondly, I discovered that my professional experience was supported by academic and public 

research/data regarding the life-cycle of legacy land disposal sites. Most notably, that these types 

of sites encountered similar roadblocks and barriers to successful integration into urban 

communities. Moreover, rapid lateral urban expansion and “densification” are forcing regulators, 

scientists, engineers, city planners, and communities to address these sites in a more consistent and 

effective manner. While I am a strong proponent of maintaining natural ecosystems unaffected by 

anthropogenic impacts, I also recognize the need for development and intelligent urban growth. I 

do believe that these two outcomes can be obtained through a comprehensive unified sustainable 

development framework, such as the one proposed in this thesis.  

 

I have made a concerted effort during all stages of my research to remain unbiased with regards to 

the perceived “evils” of development versus pristine environments. In all cases, I have 

endeavoured to present facts, data, and observations without consciously attempting to bias my 

research or influence the reader to adopt a pro- or anti- development stance. Instead, I argue that 

it will take greater effort by humanity to ensure that legacy land disposal sites are made safe now 

and into the future, and that they align with the public policy goal of sustainable development by 

bringing them back into productive use. 
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1.3 Statement of the Problem 

Tens of thousands of legacy, municipal solid waste landfills and uncontrolled land disposal sites 

exist across North America (USEPA, 1996). These are places where undifferentiated waste was 

disposed of onto the ground surface without regulatory approval, specific engineering or 

administrative controls (Tchobanoglous and Kreith, 2002). This practice has given rise to concerns 

that these sites may contain hazardous and toxic materials and that they can leak, thus 

contaminating soil, groundwater and air. One commonality that many share is their close proximity 

to environmentally sensitive areas and built-up urban areas with high land values (Lavalin, 1982). 

Accordingly, most jurisdictions in North America provide a buffer zone, or establish minimum 

setback distances, that are believed to be sufficiently conservative and therefore protective of 

human health and the environment (Alberta, 2010). However, lateral urban expansion combined 

with a mandate to increase density has presented planners, regulators, developers, financial 

institutions and communities with four primary issues regarding these sites:  

 

1) Ineffective tools and frameworks. The myriad of standard tools and frameworks currently 

employed by technical, regulatory and financial entities may be sufficient for landfills that are in 

compliance with current construction and operating standards, but they are deficient when applied 

to unregulated, legacy disposal sites;  

2) Reactive management strategies. Small and medium-sized municipalities typically have 

limited technical and financial resources that can lead them to adopt a reactionary strategy one that 

leads to: poor or inadequate assessment of the risks; overly conservative approaches causing delays 

and deferral; and, sub-optimal decision-making;  
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3) Insufficient long-term environmental quality data. Very little long-term environmental 

quality data has been collected at these sites; consequently little is known about their actual or 

potential impact on human health and the environment (Lavalin, 1982) and: 

4) Inadequate financial resources. Arguably the single greatest issue affecting site remediation 

is one of financial resources. Most jurisdictions in North America, do not have a robust funding 

mechanism specifically dedicated to the assessment, remediation and long-term management of 

legacy land disposal sites.  

 

This thesis endeavours to resolve some of the intrinsic issues, identified above, associated with 

integrating legacy land disposal sites into urban communities. 

 

1.4 Background 

The use of natural resources that create vast inventories of recalcitrant, hazardous and toxic waste 

as a by-product of what may be termed as an “anthropogenic metabolism” is, in many respects, a 

feature of our species (Lang et al., 2007). In contrast, all other living beings generate bio-waste 

that is readily metabolized, absorbed and recycled into the fabric of the ecosystem in a self-

sustaining, balanced cycle. The issue of waste management is rapidly becoming a key question for 

humanity. In spite of efforts to seek alternate solutions, as a broad principle it could be argued that 

the primary strategy for waste management globally has changed very little over the last several 

millennia (Méry and Bayer, 2005). Human societies tend generally to sequester the majority of 

their waste through burial, placing it in great sub-surface “sinks” or spaces and processes that 

capture and channel wastes (Gabrys, 2009). While it varies from place to place around the globe, 

the amount of solid waste sent to landfills or dump-sites may reach 95% of generated waste (El-
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Fadel et al., 1995). The practice of burial of waste has not changed significantly since the middle 

of the last decade however much has changed regarding the technical, regulatory, social, financial 

tools and management frameworks that are used to manage such wastes (Öhman, 2008).  

 

Here, my research focus is not directed to the global impact of waste management, although such 

global perspectives are important to maintain a proper perspective and a broader understanding of 

environmental management issues. To better understand the recalcitrance of waste and ecological 

interconnectedness in a relational ontology, I contend that the earth’s atmosphere may also be 

regarded as a sink for our lighter than air, or temporarily suspended wastes generated by burning 

fossils fuels and others such as particulates and greenhouse gases (Gabrys, 2009). These wastes 

have been linked to global warming and a loss of global hydrological stationarity, which are 

bringing about profound, and some believe, potentially catastrophic changes in the global water 

cycle (Sanford, 2013). Closer to home, it is believed that this stationarity may be a possible root 

cause of the severe flood events in Alberta in 2005 and 2013 that threatened nearby communities 

when flood waters inundated certain dump-sites and landfills and that released waste-related 

contaminants into the water. As Braun (2006) observed, we still need to “understand the ways in 

which non-human nature resists its incorporation into particular political-economic and spatial 

forms”. Planners, developers, scientists and engineers need increasingly to be aware of the broader 

environmental impacts that are not always readily predictable or within our control.  

 

Bearing in mind our proven inability to completely control the impact of the natural environment 

on human systems, including landfills, it is important to differentiate between regulated landfills 

(active and inactive) and unregulated legacy land disposal sites. The former are designed and 
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constructed according to a particular standard and operate under an approval from an authority 

having jurisdiction. These are optimized to function as predictable, self-contained engineered 

systems that isolate and prevent leachate and landfill gases from negatively impacting human 

health and the environment throughout the entirety of their life-cycle which includes a 25 year 

post-closure care period (Alberta, 2010). 

 

In the case of the latter, uncontrolled land disposal sites , or “dump-sites” and “nuisance sites”, as 

they were once termed (LWG, 2015) constitute places where both individuals and organizations 

discarded undifferentiated hazardous and non-hazardous wastes onto the ground surface without 

any engineered or operational controls (Tchobanoglous et al., 1993). Examples include municipal 

solid waste, industrial and commercial waste, construction waste, agricultural waste along with 

animal and human waste. The behaviour of these sites is inherently unpredictable as they can 

interact directly with adjacent environmental media including soil, groundwater, sediment, 

surface-water and air. North American regulatory agencies have provided estimates of tens of 

thousands of legacy disposal sites (USEPA, 1996) many of which are as yet undiscovered (Lavalin, 

1982). The legacy sites are as diverse as they are widespread and often differ in physiographic 

setting, composition, volume, footprint, design and construction. An important distinction is that 

they have little in common with the modern engineered landfills described earlier. Many, or most, 

are unlined, lack an impermeable cover and do not have either landfill gas or leachate collection 

systems. Some are known to leak, thus potentially contaminating soil, groundwater and air. These 

sites may be present on private lands or they may form part of historical municipal waste 

management programs (LWG, 2015). Additionally, many are associated with low-lying, naturally 

occurring geographic features such as ravines, gullies and shallow surface depressions (Milosevic 
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et al., 2012b) and. typically occur where waste could be easily dumped with minimal site 

preparation. In many cases, officially sanctioned waste sites were located near the municipal 

corporate limits. However, many more impromptu sites were generally located within close 

proximity to residential areas, that is to say far enough to be out of sight but close enough for 

convenient public access.  

 

While past efforts were taken to minimize exposing the population and the natural environment to 

the potential effects of pollution, pests and disease, little was understood about the long-term 

effects of exposure to trace levels of certain contaminants or their potential transport and fate in 

the environment. Nor was the true extent of future growth, with attendant urban sprawl, commonly 

appreciated. Ravines and gullies may have provided ready-made waste sites in the past but, as has 

been subsequently discovered, these locations may also be part of critical watersheds, with direct 

hydraulic connections to valuable downstream surface water resources that may include aquifers 

essential for domestic uses.  

 

In Alberta, as with most jurisdictions in North America, governments have prescribed setbacks or 

buffer zones from landfills that typically restrict or preclude the use of these lands by sensitive 

human and ecological receptors, ensuring that they are kept at a safe distance. Development near 

former landfill sites has taken place in communities across Alberta but the regulations controlling 

these lands have changed over time. Prior to 1978 there were no development regulations that 

dictated setback distances when homes or municipal subdivisions were constructed around existing 

landfill sites (The City of Red Deer, 2017). In 1978, the province implemented regulations that 

required a 300-metre setback for residential developments; however, this regulation has only been 
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applied to active landfill sites. In 1995, the Regulations were clarified to include a 300-metre 

setback from inactive or closed landfill sites (LWG, 2015). Unfortunately, this regulation does not 

always resolve issues of long-term management when legacy disposal sites are unexpectedly 

discovered on private land, or on lands that have already been absorbed into the community.  

 

Potential risks involving urban development in the vicinity of these disposal sites depend on a 

variety of factors, which include landfilling practices, age of the waste, type of waste, soils 

surrounding the waste and the distance of the receptor. Two receptor pathways typically exist at 

legacy land disposal sites including the ingestion and inhalation pathways associated with 

contaminated soil, groundwater and air (The City of Red Deer, 2017). As waste materials 

decompose, landfill gas may be generated and waterborne contaminants may come into contact 

with water, in which contaminants such as metals, hydrocarbons, salts and PAHs can leach into 

groundwater (Alberta, 2010). These contaminants may potentially migrate through the soil to 

collect in confined spaces, like basements. Methane is one of the primary components of landfill 

gas and may even pose an explosion hazard at certain concentrations. Landfill gas can also contain 

various other trace gases which have the potential to cause health impacts (Yenigül et al., 2011). 

 

As illustrated above, legacy uncontrolled land disposal sites may present a growing and persistent 

problem in many jurisdictions. First, many are located within existing urban communities or are 

being encroached upon by municipal development; second, they represent an unknown risk to 

human health and the environment. Finally, present-day remediation and clean-up costs may be 

astronomical, reaching into the tens of millions of dollars or more (Rogers and Atkins, 2015). 
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1.5 Sustainable Development (SD) 

In this section I define how the term “Sustainable Development” (SD) has been applied in my 

research. In doing so, I identify its key conceptual underpinnings as a framework from which to 

evaluate how SD is, or is not, being effectively “operationalized” (Lang et al., 2007) in the 

management of legacy land disposal sites. I argue that the concept of SD and landfills, particularly 

legacy disposal sites, is a relatively recent development. Indeed, Morrissey and Browne (2004) 

comment that the concepts of sustainable waste management or integrated waste management 

were not terms that were used in any waste management model until recently.  

 

The most commonly accepted definition for SD has been drawn from the “Report of the World 

Commission on Environment and Development: Our Common Future”, typically referred to as the 

Brundtland Report. It asserts that “sustainable development (SD) is development that meets the 

needs of the present without compromising the ability of future generations to meet their own 

needs” (Brundtland, 1987). This notion of SD implies that: 

 

1) Humans have power to irreparably change the planet and affect its viability to sustain healthy 

productive ecosystems; and, 

2) given (1), all of the decisions that we make as human beings must necessarily be forward 

looking to consider the needs of future generations. This is not an insignificant task and one 

that gives rise to several particularly challenging questions that may not have definitive 

answers.  
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The preeminent question among many is how can we know what the needs of future generations 

will be? If we cannot accurately predict those future needs, how can we plan for them and make 

effective decisions, policies and strategies today? The challenge for proponents of SD, in the 

disciplines of environmental science and engineering and it’s subsequent application to waste 

management, is how to resolve such issues. Perhaps the best that can be achieved in regards to the 

first question, is to assume that future generations will seek to inherit a fully functioning ecosystem 

that is equal to or better than what currently exists (Brundtland, 1987). This implies that one SD 

goal would be to define, establish and maintain a current baseline of environmental quality against 

which the impacts, both positive and negative, of all future anthropogenic systems and processes 

can be measured. It has been argued elsewhere that implementing SD in any practicable or 

meaningful way must account for the full life-cycle of a system or process (Yeheyis et al., 2013). 

Such approaches also require a set of metrics that are transparently, reliably measured and agreed 

upon by the scientific community including all affected stakeholders, especially affected 

communities and regulators (Lang et al., 2007). This is a difficult undertaking especially in 

consideration of the breadth and depth of metrics that are, or could be, applied to waste 

management.  

 

While there is broad agreement that the concept of sustainability is certainly a desirable endpoint, 

there exists little consensus among those trying to bring it into practice or operationalize it by 

creating policies, systems, processes and practices (Lang et al., 2007). They note: “Pragmatically, 

this also raises several important questions including: 1) What is to be sustained and on what scale 

and in what form? 2) Over what time period and with what level of certainty? 3) Through what 

social processes and with what trade-offs against other social goals? Finally, 4) How can a system’s 
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potential contribution positive or negative to SD be quantitatively measured?” Ultimately SD must 

seek to balance the costs and benefits of managing waste across generations.  

 

Current sustainability approaches consider economic, ecological and social aspects that are 

commonly referred to as the three cornerstones, or pillars, of SD (Yeheyis et al., 2013) and seek 

to keep these in balance. Nonetheless, simply considering these elements under an SD framework 

does not, according to Lang et al. (2007), guarantee the efficacy of systems and processes at 

achieving sustainability. They opine that, “however, though useful, taking these spheres into 

account is neither a necessity nor a sufficient condition for SD. The most essential conditions for 

SD seems to be the system’s capability (potential) to sustain and maintain quality in a way that 

will provide adequate performance under future demands and constraints.” They further cite Laws 

et al. (2004) who assessed how some of the world’s leading practitioners in the fields of 

environmental engineering and science have understood and defined SD. The authors concluded 

that most study participants understood the concept as: “(i) an ongoing inquiry process; which (ii) 

assures the maintenance of a system within functional limits, and (iii) induces an ethical 

relationship with the past and the future.” Lang et al. (2007) also arrived at the conclusion that 

such a working definition is preferable to the three cornerstones approach as it offers a more 

integrative and systemic approach to SD that most importantly embodies the concepts of current 

performance and future potential. Both of these approaches are related to the implicit questions 

associated with considerations of SD posed earlier in this thesis.  

 

In keeping with a more dynamic approach to SD, one that is continually engaged in repositioning 

present reality with future needs that balance inter-generational and intra-generational equity, is 
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the pressure-state-response (PSR) framework used by the Organization for Economic 

Development (OECD, 2006). In this framework, systems are viewed in terms of the connections 

between “pressure (or cause), state (or condition) and response (or symptom) indicators” (OECD, 

2006). However, the PSR framework may be limited in its practical application. While it provides 

a descriptive tool for system analysis, it stops short of being an effective guideline by which SD 

can be assessed using a systemic perspective (McCool and Stanley, 2004). 

 

Successfully integrating tools and frameworks under the SD umbrella remains a singular challenge 

for the management of legacy disposal sites and also within the broader area of waste management. 

Recent literature on the topic confirms as much. Authors Brunner (2004), and Méry and Bayer 

(2005) re-assert that landfilling is a given because it remains the predominant method of waste 

treatment in the world and that landfills will play a crucial future role as the final sinks of our 

anthropogenic metabolism. Lang et al. (2007) agree with this contention but propose a more 

integrative assessment framework rather than evaluating alternate waste management strategies. 

They proposed a Sustainability Potential Analysis (SPA) that presents a function-structure-context 

as a theoretical framework to investigate how analytical approaches consider systemic 

characteristics. The function, structure, context (FSC) framework of Lang et al. (2007) is discussed 

below: 

 

“Function:  

Goals and demands that are imposed on a system (e.g., by their stakeholders). Functions of 

landfills include, for example, the protection Context of man and his environment from harmful 

and trouble-some influences or the recovery of resources;  
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Structure:  

Subsume the relevant ‘‘spatial and temporal relationship, connectedness, partitioning, and 

modularization of the system units’’ within a defined system boundary. For landfills this includes, 

for example, chemical and physical structures, such as the distribution and dynamics of pollutants 

in the disposed waste or the landfill’s technical construction; organizational/managerial aspects, 

such as landfill monitoring; and the relations among the different structural aspects; and,  

Context:  

Considers ‘‘external entities, such as the regional climate, geomorphology or bedrock (e.g., 

lithology), hydrology’’ outside the system boundary, including ‘‘all environmental constraints that 

are permanently relevant system or impact factors.’’ Hereby, context includes both the 

geophysical and ecological environment as well as the anthropogenic environment, such as the 

administrational framing or the regional waste management market, affected by or affecting the 

landfill” (Lang et al., 2007). 

 

The SPA model (below) is derived from these three characteristics or “dimensions” that may be in 

tension with one another. Together they produce a weighed triangle with seven sections, where 

different tools or frameworks are placed in order to illustrate the incorporation of the systemic 

dimension of FCS and their interdependence. The three corners represent only one dimension, the 

center indicates that all dimensions are represented, and the other three intermediate sections 

signify a degree of interdependence.  

 

SPA is one proposed tool that may help to facilitate SD at legacy disposal sites by integrating 

disparate tools. In many cases, these “tools” are qualitative or quantitative models that seek to 
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address specific aspects of a landfill lifecycle. Models “are representations of an object, system 

or idea in some form other than reality” (Qureshi et al., 1999). The SPA framework may be used 

to assess four traditional landfill assessments methodologies: MCEA (Modified Cost Effectiveness 

Analysis), LCA (Life Cycle Assessment), RA (Risk Assessment) and TVA (Swiss Technical 

Ordinance Waste). Lang et al. (2007) reveal “that each of them focuses on specific systemic 

dimensions in its assessment step, whereas none refers to the whole range of dimensions and 

interdependencies of the framework presented” while also arguing that “SPA has the potential to 

integrate the results of the other methods for achieving a systemic SD assessment”.  

 

 

Figure 1. Sustainability Potential Analysis Triangle (Lang et al., 2007) 

 

Similarly, Morrissey and Browne (2004) also affirm that current waste management models fall 

short at providing an integrated SD solution for landfills. In most cases these waste models are 

more variables in light of various constraints (Öhman, 2008). All of these authors concur that most 

municipal waste models identified in the literature are “decision support models that use a variety 
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of methods and tools, such as risk assessment, environmental impact assessment, cost benefit 

analysis, multi-criteria decision-making and life cycle analysis as part of the decision-making 

process” (Morrissey and Browne, 2004). They then parse these into three categories: cost benefit 

analysis, life cycle assessment and multi-criteria decision making. Their analysis of models that 

extend across these three categories indicates that they focus on the “micro”, specific model inputs, 

at the expense of the “macro” or overall decision-making process. They conclude by asserting that 

“while many models recognize that for a waste management model to be sustainable, it must 

consider environmental, economic and social aspects, no model examined considered [my 

emphasis] all three aspects together in the application of the model” (Morrissey and Browne, 

2004).  

 

Considering the findings and gaps associated with existing approaches to SD for landfills presented 

above, the successful application of SD at legacy disposal sites becomes more problematic when 

the added complexities of encroachment and urban development are considered. Moreover, many 

of the tools, frameworks and models identified above, are based on predictive inputs and outputs, 

those typified by active and inactive landfills that met prescribed design standards over the course 

of their operating lives (Öhman, 2008).  

 

1.6 Alternative SD Taxonomy - the Silo Approach 

In Chapter 2, I provide a detailed evaluation of the current tools and frameworks employed in 

Alberta, and their alignment with SD goals and objectives. However, I am proposing a taxonomic 

modification to the three pillars by replacing the term “Pillars” with “Silos”. In doing so I hope to 

demonstrate that such an approach more aptly describes the functioning of each Silo. I also argue 
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that the current application of more simplistic SD models is one of the underlying root causes of 

systemic failure in achieving adequate reclamation of legacy disposal sites; and, successful 

integration into urban communities.  

 

1.6.1 Technical (replaces Ecological)  

Here I employ the term “Technical” in place of “Ecological”. In doing so, I am proposing a 

definition, one that eschews qualitative notions and directly addresses the manner in which 

quantitative environmental data are collected, interpreted and used to support decision-making. 

This approach also embodies issues around measurement and its use in determining past and future 

environmental performance of environmental policies, tools and frameworks and systems, that is 

to say by providing benchmarks and metrics that are recognized, and commonly agreed to, by 

scientists, engineers, regulators and lay people alike. The term speaks to the iterative process of 

environmental site assessment (ESA) that includes field techniques, laboratory analyses, standards 

and standard operating procedures (SOPs), as well as environmental remediation and human health 

and ecological risk assessment (CSA, 2000a). All these elements are pre-requisites for establishing 

regulatory compliance and in turn, the foundation for recognizing an environmental liability. 

 

1.6.2 Regulatory (replaces Social Considerations)  

Substituting the term “Regulatory” in place of “Social” is meant to highlight the fact that 

measurement and quantification activities related to environmental quality conducted under the 

Technical Framework must necessarily first be compared against a legal standard if one is to have 

any constructive potential to shape or influence future outcomes or to support sustainable goals. 

For example, sampling and testing of a domestic use groundwater aquifer under a standardized 
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ESA protocol, may demonstrate conclusively that the aquifer has been negatively impacted by a 

nearby legacy disposal site. In this example, regulatory guidelines are generally used to establish 

environmental quality thresholds or de-minimis standards for a variety of known anthropogenic 

and naturally occurring chemicals of concern (CoC). In the case of the former, if a polluter were 

to cause or allow a waste containing concentrations of the CoC to enter the environment at levels 

above the standard, the person or origination (or both) would be in non-compliance (Alberta, 

2016d) which could result in a corresponding legal liability and a potential for fines, penalties and 

possibly criminal charges. My contention is that the law, and its attendant environmental 

frameworks, are not just technical regulations but that they also embody social systems. To effect 

change, human beings must abide by the rule of law and seek changes to environmental laws, 

legislation and guidelines through lawfully established processes and frameworks. This is not to 

imply that existing regulatory regimes are satisfactory and function optimally in every situation, 

or that concerned citizens cannot effect change through civil disobedience, concerted lobbying or 

legal interventions such as class action lawsuits. However, I do argue that only through the lawful 

legitimization of a spectrum of issues, including social systems, will SD be achievable. 

 

1.6.3 Financial (replaces Economic)  

By replacing the term “Economic” with “Financial” I am arguing that economics is too broad a 

term to be meaningful at the level where legacy disposal sites exist and that the term “financial” is 

more appropriate because it deals with liquid resources (i.e. money) and their recognition in 

financial statements. These financial statements are in fact the penultimate tool for the 

measurement of environmental impacts or degradation, in spite of certain attendant inefficiencies 

and inaccuracies, some of which will be evaluated later in this thesis.  
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The term “economic” is used broadly to describe “the science that deals with the production, 

distribution, and consumption of goods and services, or the material welfare of humankind” 

(Parkin and Bade, 1991) It is used broadly to describe the functioning of market mechanisms and 

market forces. Here, I argue that the concept of economic forces is too broad to be applied within 

the definition of SD, specifically as it applies to legacy disposal sites. A more appropriate term is 

“financial”: “the concept of money or other liquid resources of a government, business, group, or 

individual” (Austin et al., 1997) or, more precisely, resources that must be accounted for and 

managed in accordance with prescribed financial accounting standards such as the International 

Financial Reporting Standards (IFRS) used in Canada (Chala et al., 2011). The IFRS is the basis 

within which financial liabilities associated with legacy disposal sites are crystalized and the 

mechanism by which their severity, risk, management and resolution is ultimately determined. 

Recognition of a liability in a financial reporting statement is the culmination of a process that 

originates from technical data collection and then establishes compliance with applicable laws and 

legislation (Mackenzie et al., 2014). It is arguably the most critical “Silo” in the entire SD process. 

Said differently, without adequate financial accountability and associated resources the process of 

SD cannot be achieved.  

 

1.7 Chapter Conclusion 

I posit that the Traditional SD framework based on three pillars of sustainability: economic, 

ecological and social is not suitable for application to legacy land disposal sites. It proposes 

instead, that new and alternative SD taxonomy based on Technical, Regulatory and Financial 

“Silos” can be used to understand why attempts to integrate legacy land disposal sites into urban 
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communities have met with such divergent and inconsistent outcomes. This taxonomy goes on to 

contend that the current tools and frameworks within the three Silos serve a narrow purpose, are 

disparate and often do not align with sustainable development (SD) goals and objectives. This 

chapter also provides a background section describing how SD is interpreted and applied in this 

thesis. 

 

1.8 Research Goals and Objectives 

The impetus for this research culminated from the conclusions provided in a report issued by the 

Landfill Development Setback Working Group in Alberta, Canada (LWG, 2015). It identified a 

number of gaps in the current research regarding the integration of lands in and around legacy 

disposal sites, and implicitly raised questions about productive use, highest and best use principles, 

intergenerational equity, long-term environmental quality and other issues that underpin 

sustainable development (SD). These gaps included the following: 

 

 Researching the appropriateness of current setbacks and whether they should be changed;  

 Obtaining and collating more baseline information on landfills from existing records including 

monitoring data which assess the potential impacts on limits of fill and adjacent wells  

 Identifying processes for improved sharing of waste management information between 

development authorities, municipalities and government 

 Examining how existing setbacks are performing (LWG, 2015) 
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The overall goal of this thesis is to examine these issues surrounding legacy disposal sites with a 

view to developing a long-term sustainable development strategy. The following research 

objectives were formulated to address the overall research goals: 

 

1) Establish the criteria that make legacy land disposal sites unique from active landfills, and most 

inactive landfill sites, then identify the resulting management issues across North America with 

a focus on Alberta, Canada. 

2) Consider the gaps between the Technical, Regulatory and Financial Silos that are currently 

employed to manage legacy land disposal sites in Alberta, Canada using sustainable 

development (SD) criteria.  

3) Identify and address the issues that give rise to a Critical Decision Point that may occur one or 

more times in the lifecycle of a legacy disposal site. 

4) Compare and contrast two legacy disposal sites; one in High River, Alberta and the other in 

Calgary, Alberta to illustrate how different management strategies can produce divergent 

outcomes relative to SD criteria. 

5) Develop a proposed Unified Sustainable Development (USD) framework that includes a 

qualitative SD Risk-Analysis Tool within the iterative framework of a Quality Management 

System (QMS). This framework must also seek to reconcile the issue of discrete time horizons 

across the lifecycle of a legacy disposal site. 

6) Finally, ensure that the proposed USD is applicable at other legacy disposal sites in other 

jurisdictions in North America. 
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1.8.1 Methodology 

The methodology employed to achieve the research goals and objectives is summarized on the 

following page in Figure 2. An iterative methodology was employed to refine the research 

question, along with every stage of the research process, including the selection of appropriate 

case studies. All stages of the methodology illustrated in the process flow diagram is examined in 

greater detail within this thesis.  

 

1.9 Organization of the Thesis 

This thesis is composed of 5 chapters. It describes the research that was completed to address the 

objectives identified above and represents a contiguous body of work. Chapter 1 provides a 

statement of the research problem and explains why it must be addressed. I have evaluated the 

current tools and frameworks used to manage legacy disposal sites in Alberta under a hybrid 

sustainable development (SD) framework, one that uses a modified SD taxonomy of three “Silos”: 

1) “Technical” (in place of ecological), 2) “Regulatory” (in place of social), and 3) “Financial” (in 

place of economic), to identify gaps in each Silo.  

 

In Chapter 2, I conduct a detailed analysis of the tools and frameworks currently in place in 

Alberta, Canada, to manage legacy disposal sites using the 3 “Silos” proposed in Chapter 1. In 

doing so, I provide an argument and supporting evidence that contends these “Silos” are more 

applicable for defining and therefore managing the unique requirements of legacy disposal sites. 
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Figure 2. Methodology Process  
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 I also provide a detailed evaluation of each Silo that highlights critical gaps that ultimately serve 

to undermine one of the Alberta Government’s key policy outcomes relative to these sites, the 

“Productive Use”, as defined by Alberta Environment and Sustainable Resource Development 

(ESRD, 2014a). In the final part of Chapter 2, I propose a Qualitative SD Risk-Analysis Tool (Risk 

Analysis Tool) that can be employed to determine the probability that a legacy disposal site can 

be successfully integrated into an urban community. 

 

In Chapter 3, I illustrate previously identified gaps by applying the 3 “Silo” approach to the Risk 

Analysis Tool to two legacy disposal site case studies in Alberta, Canada. One site was managed 

in close alignment with a SD framework and the other was not. The first case study: Town of High 

River Legacy Land Disposal Site is presented to emphasize that many current tools and 

frameworks may be inappropriate for use in different areas of the legacy disposal lifecycle. Such 

inappropriate applications may produce very different and contrarian outcomes including escalated 

management costs, delayed project objectives, inconsistent regulatory outcomes and increased risk 

to human health and the environment.  

 

Conversely, the second case study: Unregulated Legacy Disposal Site in Calgary, Alberta 

demonstrates how the gaps identified in Chapter 2 may be mitigated through application of SD 

principles. This case emphasizes that pro-active SD planning tools that also seek improved ESA 

processes, commensurate and balanced regulatory frameworks, and accurate and fully funded 

environmental labilities can be achieved so as to reach an end-point that supports “Productive 

Use”, noted by Alberta Environment and Sustainable Resource Development (ESRD, 2014a). 
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Chapter 4 considers the research and evidence from Chapters 2 and 3 and in doing so identifies a 

novel, but Critical Decision Point (CDP) that can occur in the lifecycle of a legacy disposal site 

and which may ultimately determine whether or not it is successfully integrated into an urban 

community. The CDP is the point at which the entity(ies) with legal and financial responsibility 

for the site must choose between two major strategies: the first, “Remediation” which is a risk 

management strategy typically associated with a great deal of uncertainty, and potentially 

unlimited future financial liabilities; and the second, a “Defer, Divest, Default” (DDD) strategy to 

“Defer” (postpone the liability until an unspecified point in future), “Divest” (shift the liability to 

another party), and “Default” (avoid the liability indefinitely). This is frequently a more certain 

risk management strategy that has provided an appearance of limited future financial liabilities. I 

assert, for a variety of reasons stemming directly from existing tools and frameworks that faced 

with these two strategies, the DDD option is the one most frequently selected by individuals, 

corporations, and governments. 

 

Chapter 5 presents the critical issues that have emerged from my research. These critical issues 

touch upon the legal, financial and public health consequences that may arise in future to affected 

persons, corporations and governments as follows: 1) Inconsistent Outcomes, 2) Insular and 

Disconnected Management Tools and Frameworks, 3) Preference for Defer, Divest and Default 

Strategies, 4) Inadequate Collection and Funding Mechanisms, and 5) Insufficient Long-term 

Environmental Quality Data. At the conclusion of this final Chapter, I propose a Unified 

Sustainable Development framework (USD) that encompasses a Qualitative SD Risk-Analysis 
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Tool within an iterative Quality Management System (QMS) framework. The proposed USD is 

intended to address all of the issues identified above to accomplish the following:  

 

1) Provide improved alignment between the three silos - “Financial, Regulatory and Economic”; 

2) Address the systemic problem of Time Horizons;  

3) Introduce strategies to resolve the Critical Decision Point and inhibit reactive management 

behaviors; and, 

4) Propose a collection and set-aside mechanism to ensure that these sites are adequately funded 

over the long-term. 
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Chapter Two: Tools and Frameworks 

 

“A critical point for current methods is that they seem to insufficiently represent the 

interdependencies between the different systemic dimensions in their assessment step, especially 

the interdependencies between all SD pillars. However, these interdependencies seem to be 

essential when analyzing the potential of a system to hinder or support SD . . . none of these 

dimensions can be understood without reference to the other.” (Lang et al., 2007) 

 

2.1 Overview 

In this chapter, I evaluate the Alberta tools and frameworks currently used to manage legacy 

disposal sites by employing a three-silo approach in combination with a novel Qualitative SD Risk-

Analysis Tool. While the focus and specific references are drawn from Alberta, the Alberta 

regulatory process generally aligns with those in other jurisdictions across Canada and North 

America (USEPA, 2014). I first review each silo, starting with the Technical silo and ending with 

the Financial silo. Subsequently, I apply the Qualitative SD Risk-Analysis Tool to assess the 

probability that a legacy land disposal site will be successfully integrated into an urban community. 

Together, they represent the typical lifecycle of a legacy disposal site, from the time that sampling 

and testing is performed (Technical), to when the compliance or non-compliance of impacted 

environmental media is determined (Regulatory), and subsequently, the recognition of 

environmental liabilities within the entity’s financial statements (Financial). I also consider how 

this environmental and financial liability is subsequently managed and settled when and if 

regulatory closure is achieved.  
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2.2 Technical (Environmental) 

2.2.1 Introduction  

At the nexus of managing legacy disposal sites many consider that there are two interrelated issues: 

uncertainty and complexity (KPMG, 2013; van Liedekerke, 1995). Uncertainty arises when actual 

or potential impacts to human health and the environment are considered with, costs to manage or 

remediate the problem. Issues of complexity may arise as a result of the physiographic setting and 

the potential interaction of site-specific physical characteristics with the waste. Some additional, 

but critical, elements to complexity include the unknown composition of hazardous and toxic 

waste components, the synergistic potential between different waste types, degradation of waste 

and the production of intermediaries (ASTM, 2014). Other factors include soil type and site-

specific composition, seasonal groundwater fluctuations, extraordinary climatic events that may 

give rise to flooding and slope failure (Colorado, 2013).  

 

The foundation of any reasonable liability estimate or future management plan must address both 

uncertainty and complexity on a site-specific level such that they are reduced to a level where 

environmental professionals, regulators and other stakeholders can make effective decisions 

regarding sustainable development (SD). Thus, a comprehensive data collection program that 

quantifies the metrics of key environmental quality parameters is critical to forming an 

understanding of the complexity of a site. Such approaches, seek to reduce uncertainties in 

managing environmental quality and protecting human health and the environment.  

 

As described in the introductory chapter, I am using the term “Technical” as an all-encompassing 

concept, as being defined broadly as part of environmental site assessment (ESA), so as to describe 
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the predominant tools, methods, standards and frameworks that establish environmental quality in 

and around a legacy disposal site. This approach may also be described as the first step in defining 

environmental liabilities. I will demonstrate that the technical tools and frameworks used to 

address complexity and reduce uncertainty around legacy disposal sites are a critical dimension of 

SD. However, such tools may systemically produce inaccuracies that may lead to material 

underestimations of the environmental liabilities associated with legacy land disposal sites.  

 

The component limitations in the present methodologies are discussed to the following:  

1) Provide a context to the problem and present several of the key challenges regarding site 

complexity at legacy disposal sites;  

2) Evaluate the environmental site assessment (ESA) process that is commonly used to establish 

baseline, natural or background environmental quality, or measure the concentration of 

Contaminants of Concern (CoC) in environmental media including soil, sediment, surface water, 

groundwater and air (please note that a detailed examination or an evaluation of the relative 

performance of specific tools and data collection techniques is not included in the scope of this 

work) and; 

3) Highlight the scientific uncertainties and gaps inherent in each phase of the process of site 

evaluation and how such factors may undermine the determination of the financial components of 

environmental liabilities.  

 

Environmental contamination occurs when a deleterious substance is released either through a one-

time catastrophic event, or a series of long-term leaks and spills into the environment (Alberta, 

2016c), or both. Environmental liabilities arise when an individual or entity confirms, through 
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sampling and testing, that the concentration of a deleterious substance does not comply with 

applicable guidelines (IASB, 2001). Such contaminants are considered to have an adverse effect 

that has caused “contamination” in environmental media such as air, soil, groundwater, surface 

water, sediment and others (Alberta, 2016e). 

 

Environmental Site Assessment (ESA) is the systematic and iterative collection of quantitative 

data used to identify the vertical and lateral extent of environmental contamination in relation to 

land disposal sites. This approach may also be used for other types of sites and may involve both 

non-intrusive and intrusive sampling and testing techniques applied through a series of systematic 

phases that should address the full extent of complexities and uncertainties at each legacy disposal 

site (CSA, 2001). At the start of the ESA process little or nothing may be known about 

environmental quality at a particular site. Following each successive ESA “phase”, the data 

produced can be used to build a conceptual site model (CSM) that describes the primary interaction 

between contaminated media and human or ecological receptors (ASTM, 2014). The process 

establishes the extent of contamination, the level of risk, and hence the applicable guidelines for 

potential cleanup requirements and defined endpoints in order to attain regulatory compliance.  

 

As described previously, legacy disposal sites present a unique set of challenges in environmental 

assessment that are related to unknown waste materials, the fate and transport of contaminants in 

the environment along with parallel threats to soil and groundwater quality (Laner et al., 2009). 

Milosevic et al. (2012b) also opined that low terrains such as pit holes and wetlands have typically 

been used for scattered waste deposition and for subsequent landfills. These legacy disposal sites 

typically are not designed to protect the environment and some may cause a major environmental 
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impact on groundwater and surface water. They frequently contain household, construction and 

chemical waste, the by-products of which can include inorganic macro-components (chloride 

sodium, ammonium), dissolved organic carbon (DOC) and several different xenophobic organic 

compounds such as phenoxy acid herbicides, non-aromatic hydrocarbons such as benzene, toluene 

ethylbenzene, ortho-, meta- and para-xylenes (BTEX) and chlorinated hydrocarbons (Milosevic et 

al., 2012b). The authors also noted that the release of these hazardous substances is mainly 

influenced by the physical and chemical properties of the landfill matrix and dominated by the 

sorption and desorption process. These factors complicate matters further when undifferentiated 

wastes are present. Even in cases of modern engineered landfills that have the prescribed 

engineered, administrative controls and an approval from the jurisdiction having authority, the 

impact on landfill leakage, particularly on water resources, may be profound. Countless examples 

exist in literature, notable among these are the cases provided by Micak et al., (1998), Tatsi and 

Zouboulis (2002) and Chofqi et al., (2004). While the impacts are well documented, accurately 

identifying, predicting and monitoring those same impacts through the ESA process can be 

daunting. Typically, this involves the installation of a monitoring array of groundwater monitoring 

wells, soil gas probes and other remote or direct sensing devices that provide intermittent data at a 

pre-determined sampling frequency. It is nevertheless difficult to ensure that a specific monitoring 

system will accurately detect all of the CoC released from these sites. This is due to the numerous 

and significant uncertainties involved, such as the size and location of the possible contaminant 

leak; spatial variability of hydrogeological characteristics; locations, depths and number of 

monitoring wells; physical properties of soils; heterogeneous aquifer conditions along with 

sampling procedures (Yenigül et al., 2011). Even in cases where test-sites are accompanied by 

exhaustive ESA programs difficulties may be encountered in estimating the extents of contaminant 
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plumes and their behaviors in groundwater in and around landfills caused by unknown site 

histories and complex heterogeneous soil conditions (MacFarlane et al., 1982) 

 

2.2.2 Phase I ESA 

Phase I ESAs represent the first step in ESA process. They generally assist in reducing uncertainty 

about environmental liabilities and may be a basis for further investigation of a site to identify 

actual and potential site contamination (CSA, 2001) especially where previously known, or 

unknown, uncontrolled land disposal sites, have been identified. Phase I is typically qualitative (no 

intrusive sampling or testing) and may be employed to determine the likelihood or “risk” that 

environmental contamination is present based on assessments of current and previous land use. 

These concerns are identified by assessing potential areas of concern (on-and off-site), reported or 

anecdotal reports of spills and uncontrolled releases, the identification of contaminants of concern 

(CoC) and associated, neighboring land uses and practices. 

 

2.2.3 Discussion 

Uncertainties associated with environmental liabilities may arise in this initial phase of assessment. 

As Phase I ESAs do not typically include physical sampling it is not uncommon for these types of 

assessments to improperly identify areas of potential environmental contamination. Indeed, such 

assessments may underestimate or miss contaminants entirely (CSA, 2001). This can result in 

prolonged environmental contamination or delays in the construction of a new subdivision or 

similar project when their discovery may arise unexpectedly at a future date. 
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2.2.4 Phase II ESA and Delineation ESA 

If there is sufficient evidence collected during the Phase I ESA to suggest that a legacy disposal 

site is, or has become, contaminated then a Phase II ESA that involves sampling and testing is 

typically undertaken to further confirm or assess contaminants. A key objective is to characterize 

the CoC both on-site and off-site with a view to delineate the vertical and horizontal extents of all 

contaminated environmental media (CSA, 2000b) at the site and thus address the extent of 

contamination within the site characteristics and complexities related to the environmental setting. 

Depending on the various assessment objectives, there can be many successive rounds of 

increasingly detailed study and investigation each of which may have implications for costs and 

expenditures.  

 

As demonstrated previously, each part of the Phase II ESA process may have uncertainties arising 

due to limitations in data collection or monitoring systems, tools to interpret the existing data and 

a myriad of complexities within the site environment. These uncertainties may also be 

compounded by financial limitations reflected in the scope of work, choices between different 

sampling methodologies employed, variance in laboratory results, sampling error, areas that are 

inaccessible (under buildings, within utility corridors as well as adjacent private and public lands) 

and certain interpolations between widely spaced sampling points and heterogeneous aquifers 

(Yenigül et al., 2011). The net result is that there may be material variances between the estimated 

and the actual extents of contamination with variations in estimates that may approach 300 percent 

(Cirrus, 2014b). 
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2.2.5 Conceptual Site Model 

In the case of complicated sites, where progressively more detailed site information in the form of 

successive rounds of Phase II ESAs may be required to completely characterize the site, it is 

recommended that a Conceptual Site Model (CSM) that assimilates all the information about a site 

through the Phase I ESA, Phase II ESA and Remedial ESA processes (Alberta, 2016a) be 

developed. The CSM provides a visual representation and narrative description of the physical, 

chemical and biological processes occurring, or that have occurred, at a site (ASTM, 2014). A 

robust and comprehensive CSM should tell the story of how the site became contaminated, how 

the contamination was, or is being transported, potential end-points of contaminants and whom it 

may affect. The CSM is a key step used to assess and guide almost all technical and management 

decisions associated with remediation projects (ASTM, 2014) 

 

2.2.6 Discussion 

The ESA process embodies two important goals that can unintentionally, or in some cases 

deliberately, create uncertainty around the magnitude of environmental contamination. The first 

of these goals is to more precisely quantify environmental contamination. However, as discussed 

above, poor field techniques, finite resources, incomplete/inaccurate data, interpolation and 

extrapolation errors may lead to gross misrepresentations of actual site conditions even when a 

CSM is fully developed.  

 

The second goal is to minimize financial costs associated with the ESA process. Understandably 

this can encourage delay tactics and may also act as a powerful dis-incentive to collect better site 

information. Conversely, regulators and their guidelines may act to trigger deferral mechanisms 
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by supporting endless rounds of assessment and monitoring under the premise of constructing a 

more robust CSM. These complex competing interests may act paradoxically to significantly delay 

or defer further attempts to reach an acceptable level of clean-up. In sum, the ESA process itself 

may provide a limited or inaccurate understanding of actual site conditions that in turn may act to 

undermine subsequent calculations in site-specific liability assessments. 

 

2.2.7 Risk Management  

In cases where soil and groundwater do not comply with the applicable Tier 1 or Tier 2 guidelines 

and affected parties choose not to undertake a full remediation program, there may be parallel 

responsibilities to develop a risk management plan (RMP) so as to detail risks to human health and 

the environment, as identified in the CSM, that may be mitigated (Alberta, 2016a).  

 

There are a myriad of possibilities for contaminated site management within the RMP framework 

ranging from limited source removal, engineered and administrative controls, complete 

remediation, long-term monitoring that may include a variety of “hybrid” options cited by Alberta 

Environment and Sustainable Resource Development (ESRD, 2014a). One common approach is 

to undertake a long-term environmental quality monitoring program that has functions for both 

verification and prediction. Effective monitoring programs are characterized by factors that 

include high quality and consistent data collection. Key components usually include the 

incorporation of permanent and non-permanent sampling points such as groundwater monitoring 

wells, soil vapour probes and soil sampling points. Ultimately, these strategies serve to enable the 

ultimate goal of meeting minimal regulatory requirements at a reasonable cost. 
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It may be argued that the concentration of CoC in soil and/or groundwater may degrade naturally 

over time, either by dilutive or degradative processes, and that at some future point, the site will 

be rendered “clean”. While this assumption may or may not be true in all cases, the natural 

mechanisms that cause such decreases in CoC concentration may be viewed differently by the 

regulator, cited by Alberta Environment and Sustainable Resource Development (ESRD, 2014a). 

Assumptions that contaminants may decrease naturally through processes characterized as 

“dilution” may not be viewed favorably by regulatory agencies. As a result, a focused and 

technically defensible program of monitored natural attenuation (MNA), should be considered as 

being vital to the definition and quantification of natural processes of degradation the results of 

which may be viewed more favourably by regulators.  

 

2.2.8 Discussion 

Despite the formality surrounding risk managed solutions, regulators may tend to devolve their 

management systems into routinized programs that provide some predictability over annual 

monitoring costs. Regrettably, such approaches do little to provide ultimate solutions for site clean-

up and restoration or to conclude the financial liabilities. 

 

2.2.9 Remediation  

“Remediation” is synonymous with “clean-up” and “decontamination”. It may be defined as 

certain means to reduce the concentration of contaminants of concern (CoC) in environmental 

media, to comply with applicable regulatory guidelines, or to be diminished to naturally occurring, 

background levels (Alberta, 2016c). In general, the tools, technologies and techniques used to 
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clean-up a site, that is to reduce the concentrations of contaminants of concern in soil and 

groundwater to comply with applicable guidelines, fall into one of two categories:  

 

1. “in-situ” (the contaminated material is treated in the ground, “where it is”) and: 

2.  “ex-situ” (the contaminated soil is removed, treated, replaced and/or disposed of off-site). 

Typically, some remediation options may encompass both (Alberta, 2016c) 

 

Remediation is typically the most costly aspect of contaminated site management and may be 

prone to budget exceedances while not producing results that meet stated objectives, as noted by 

Alberta Environment and Sustainable Resource Development (ESRD, 2014a). In such cases, poor 

operational and financial performance may result from a series of procedural deficiencies. These 

include inadequate or poor quality site information, a misunderstanding or misapplication of 

different remediation technologies, ineffective project management, failure to identify project 

specific risks like inclement weather, labor shortages (ASTM, 2014), unanticipated subsurface 

conditions and an underestimation of overall project risk. A variety of remediation projects 

considered over a 20 year period in Alberta demonstrate that total project cost variances (when 

compared to estimates identified in the Site-Specific Liability Assessment (SSLA) or remediation 

specific cost estimates (Cirrus, 2014b)) of over 350 percent may occur.  

 

2.2.10 Discussion 

Apart from the uncertainties affecting potential cost overruns and long-term legal liabilities (that 

include negative impacts to human-health and the environment, or trans-property contamination), 

it is generally accepted that consideration must be given to the costs associated with demonstrating 
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the long-term efficacy of any remedial strategy (Hudak, 2002). Regulators usually require a 

confirmatory sampling program to be conducted post remediation to demonstrate that in fact, soil 

and groundwater quality at a site now meet the applicable guidelines (Alberta, 2016d). This 

typically requires three to five years to collect seasonal monitoring data before considerations for 

regulatory closure can reached by regulators. These factors alone may potentially add significant 

costs to the overall project. 

 

2.2.11 Technical (Environmental) Conclusion 

To adequately address the “Technical” dimension of sustainable development (SD) at a legacy 

disposal site, an ESA program must adequately address the complexity that arises from the 

physiographic setting and its interaction with an undifferentiated, undefined and potentially 

hazardous waste. The ESA program must be designed to consider potentially hazardous and toxic 

waste components, the synergistic potential between difference waste types, the degradation of the 

identified wastes and the potential production of intermediaries. Other factors include soil type 

and site-specific composition, seasonal groundwater fluctuations, and extraordinary events such 

as flooding and slope failure. In doing so assessments must also reduce uncertainty with regard to 

actual or potential impacts to human health and the environment including considerations of the 

cost to manage or remediate the site to a level where environmental professionals, regulators and 

other stakeholders can make effective decisions regarding sustainable development (SD) 

strategies. As noted above, the tools and frameworks embodied within the systematic and iterative 

environmental site assessment (ESA) process may include significant uncertainties and limitations 

that may compound subsequent phases of assessments that, in turn, may lead to a material 

underestimation of both environmental contamination and the overall environmental liability at a 
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specific site. Inadequate or erroneous conclusions that originate during the Phase I ESA can be 

magnified in Phase II ESAs and Delineation ESAs by sub-optimal assessment and monitoring 

arrays, field errors and technical limitations of sampling devices and methodologies, especially in 

cases where complex site conditions are encountered with heterogonous subsoils, fractured 

bedrock media and hydrogeology. These factors may also lead to the creation of inaccurate 

conceptual site models, that may lead to wasteful or misaligned risk management strategies and 

remediation programs. Ultimately this series of events can result in wholly inaccurate estimates of 

liabilities with the consequence that resource or funding gap, may that only emerge when site-

specific remedial is undertaken. Thus, a comprehensive data collection program that quantifies key 

environmental quality metrics, one that is commensurate with the complexity of the site, and which 

in doing so seeks to reduce the overall uncertainty of environmental quality and potential effects 

on human health and the environment is paramount.  

 

2.3 Regulatory (Social Considerations) 

2.3.1 Introduction 

In this section, I assess the regulatory framework that governs legacy land disposal sites in Alberta, 

Canada and its relative influence on the overall goal of achieving sustainable development (SD). 

As with Chapter 1, I employ the term “Regulatory” as a replacement for the Social Considerations 

that form one of the pillars under a traditional SD framework. In so doing I attempt to highlight 

the fact that measurement and quantification activities related to environmental quality, conducted 

under the previously explored Technical framework, must necessarily be compared against a legal 

standard if they are to have any potential to shape or influence future outcomes or to support SD. 

My contention is that the law and it’s attendant environmental frameworks are principally the 
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embodiment of social systems. To effect change, citizens must first abide by the rule of law and 

subsequently seek changes to environmental laws, legislation and guidelines through lawfully 

established processes and frameworks. This is not to imply that existing regulatory regimes are 

satisfactory and function optimally in every situation, or that concerned citizens cannot effect 

change through civil disobedience, concerted lobbying or class action lawsuits. It does however 

recognize that only through the rule of law will SD be possible. 

 

The Government of Alberta, in waste control regulation (AR 192/96) defines a “landfill” as “a 

waste management facility at which waste is disposed of by placing it on or in land, but does not 

include a land treatment facility, a surface impoundment, a salt cavern or a disposal well” 

(Alberta, 1996). 

 

Legacy disposal sites may defy distinct categorization and often do not fit readily into one the 

category of “active landfill” or “inactive landfill” (Tintner et al., 2012). Part of this originates from 

the uncertainty concerning placement, contents and subsequent interactions with surrounding soil 

and water quality. Regulators, developers and other stakeholders are reticent to refer to these sites 

as “unregulated dump-sites” because this terminology implies a lack of control and has a negative 

connotation (Gabrys, 2009). On the other hand, a title that includes “landfill” implies that it shares 

the positive attributes of design, operation and control normally attributed to modern engineered 

landfills. Unfortunately this is not the case in most instances (Milosevic et al., 2012a). As evidence 

of this, the Alberta Government provides guidance about “inert waste” in certain Waste Control 

Regulations (AR 192/96) - the material that is presupposed to exist in many legacy disposal sites: 

“Inert waste means solid waste that, when disposed of in a landfill or re-used, is not reasonably 
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expected to undergo physical, chemical or biological changes to such an extent as to produce 

substances that may cause an adverse effect, and includes, but is not limited to, demolition debris, 

concrete, asphalt, glass, ceramic materials, scrap metal and dry timber or wood that has not been 

chemically treated” (Alberta, 1996). As discussed earlier, these sites can contain both reactive and 

deleterious hazardous and toxic waste components that are anything but inert.  

 

When a legacy disposal site is uncovered, the jurisdiction with authority generally seeks the 

persons responsible or the “polluter”, if the waste was not generated by the municipality in 

question. If the polluter cannot be located, is insolvent or cannot be otherwise compelled to accept 

responsibility for the liability through regulatory or legal approaches, then the provincial 

government may assume temporary care and control of the site (PSAB, 2009). Regardless of who 

the proponent may be the regulatory processes associated with managing a legacy disposal site are 

the same. The conclusion that emerges from this analysis is that a myriad of regulatory frameworks 

may tend not always to be aligned. Nonetheless these, at times, contradictory or overlapping 

regulatory requirements must first be coordinated and the processes successfully navigated by 

private citizens, municipalities, developers and other stakeholders when attempting to manage 

these sites. 

 

2.3.2 Setbacks 

The required setbacks for all “landfills” are specified in Part 2 of the Subdivision and Development 

Conditions of the Municipal Government Act, Subdivision and Development Regulation (Alberta, 

2012a) which provides guidance on the setback requirements for both non-operating (inactive) and 

operating landfills (active). Legacy disposal sites have typically been classified as “non-operating 
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landfills” and have been subjected to a 300 metre setback. For greater certainty, the Alberta 

Development Regulation states: 

“13(1) In this section, 

(a) “disposal area” means those areas of a parcel of land 

(i) that have been used and will not be used again for the placing of waste material, or 

(ii) where waste processing or a burning activity is conducted in conjunction with a 

hazardous waste management facility or landfill; 

(b) “working area” means those areas of a parcel of land 

(i) that are currently being used or that still remain to be used for the placing of waste 

material, or 

(ii) where waste processing or a burning activity is conducted in conjunction with a 

hazardous waste management facility, landfill or storage site. 

(2) Subject to subsection (5), a subdivision authority shall not approve an application for 

subdivision for school, hospital, food establishment or residential use if the application would 

result in the creation of a building site for any of those uses  

(a) within 450 metres of the working area of an operating landfill,  

(b) within 300 metres of the disposal area of an operating or non-operating landfill, 

(c) within 450 metres of the disposal area of a non-operating hazardous waste management 

facility, or  

(d) within 300 metres of the working area of an operating storage site. 

(3) Subject to subsection (5), a development authority shall not issue a development permit for a 

school, hospital, food establishment or residence, nor may a school, hospital, food of become 

involved establishment or residence be constructed if the building site 
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(a) is within 450 metres of the working area of an operating landfill, 

(b) is within 300 metres of the disposal area of an operating or non-operating landfill, 

(c) is within 450 metres of the disposal area of a non-operating hazardous waste 

management facility, or 

(d) is within 300 metres of the working area of an operating storage site.  

(4) Subject to subsection (5), a subdivision authority shall not approve an application for 

subdivision, and a development authority shall not issue a permit, for the purposes of developing 

a landfill, hazardous waste management facility or storage site unless 

(a) the working area of a landfill is situated at least 450 metres, 

(b) the disposal area of a landfill is situated at least 300 metres, 

(c) the working or disposal area of a hazardous waste management facility is situated at 

least 450 metres, and 

(d) the working area of a storage site is situated at least 300 metres from the property line 

of a school, hospital, food establishment or residence or building site proposed for a 

school, hospital, food establishment or residence. 

(5) The requirements contained in subsections (1) to (4) may be varied by a subdivision authority 

or a development authority with the written consent of the Deputy Minister of Environment and 

Sustainable Resource Development. 

(6) A consent under subsection (5) may refer to applications for subdivision or development 

generally or to a specific application. AR 43/2002 s13;31/2012;170/2012 .” (Alberta, 2012a) 
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2.3.3 Discussion 

The setbacks for landfills prescribed above are intended to be conservative and therefore protective 

of human health and the environment. However, the Government of Alberta does not provide any 

substantive evidence to demonstrate their efficacy at current distances common in various Alberta 

soil types and in complex hydrological regimes, particularly in the cases for inactive landfills 

(LWG, 2015). The result is that in many cases, valuable land resources around legacy disposal 

sites may be automatically sequestered without first assessing adequate physical evidence which 

may have the result of depriving communities the opportunities to access potentially valuable lands 

for future development.  

 

However, if the Phase I or Phase II ESA process described above, confirms that a legacy disposal 

site has had an “adverse effect” (Alberta, 2016c) on environmental quality within a prescribed 

setback, other regulatory mechanisms may come into play. These are broadly described under the 

Alberta Government Ministry of Environment and Parks (AEP) formerly Environmental and 

Sustainable Resource Development ESRD - Contaminated Sites Policy Framework of the Alberta 

Environment and Sustainable Resource Development (ESRD, 2014a). This document presents the 

policy framework for the cradle-to-grave lifecycle management of contaminated sites and is 

applicable when developing and assessing various options for the management of contaminated 

lands, noted by Alberta Environment and Sustainable Resource Development (ESRD, 2014a).  

 

2.3.4 Legislation  

Two key Alberta Acts, the Environmental Protection and Enhancement Act (EPEA) and the Water 

Act form the legislative basis of the AEP policy on the management of contaminated soil and 
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groundwater. The Alberta EPEA establishes regulatory requirements related to substance releases 

that can have an adverse effect, and deals with, remediation and reclamation. The stated purpose 

of these Acts is to “support and promote the protection, enhancement and wise use of the 

environment” (Alberta, 2016e). In addition, the EPEA allows the Minister to establish more 

specific guidelines and objectives.  

 

As derived from the EPEA, the Polluter Pays Principle (PPP) is a fundamental principle of 

environmental law whereby parties who produce pollutants are held responsible for damages to, 

and remediation of, the natural environment. The concept is recognized by many jurisdictions; 

Organization for Economic Cooperation and Development (OECD), the European Union (EU), 

and in the USA and Canada. In sum, PPP constitutes a basic principle that underpins Canadian and 

US laws for environmental protection. The EPEA affirms the principles of PPP.  

 

Section 2, “Purpose of Act” states:  

“The purpose of this Act is to support and promote the protection, enhancement and wise use of 

the environment while recognizing the following:  

(a) the protection of the environment is essential to the integrity of ecosystems and human health 

and to the well-being of society;  

(b) the need for Alberta’s economic growth and prosperity in an environmentally responsible 

manner and the need to integrate environmental protection and economic decisions in the earliest 

stages of planning; RSA 2000 Section 2.1 Chapter E-12 22 ENVIRONMENTAL PROTECTION 

AND ENHANCEMENT ACT  
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(c) the principle of sustainable development, which ensures that the use of resources and the 

environment today does not impair prospects for their use by future generations;  

(d) the importance of preventing and mitigating the environmental impact of development and of 

government policies, programs and decisions;  

(e) the need for Government leadership in areas of environmental research, technology and 

protection standards;  

(f) the shared responsibility of all Alberta citizens for ensuring the protection, enhancement and 

wise use of the environment through individual actions;  

(g) the opportunities made available through this Act for citizens to provide advice on decisions 

affecting the environment;  

(h) the responsibility to work co-operatively with governments of other jurisdictions to prevent 

and minimize transboundary environmental impacts;  

(i) the responsibility of polluters to pay for the costs of their actions; (my emphasis) 

(j) the important role of comprehensive and responsive action in administering this Act. 1992 cE-

13.3 s2;1994 c15 s3” (Alberta, 2016e). 

 

2.3.5 Discussion 

The EPEA presents a series of policies and principles that are intended to produce two 

straightforward outcomes: 1) prevent environmental pollution; and, 2) if environmental pollution 

does occur, the polluter is responsible to pay for their actions. This necessarily gives rise to an 

environmental liability. Along with this are the attendant legal and financial obligations to 

remediate or manage all pollution, up and until such time as all adversely affected environmental 

media comply with the applicable guidelines. “Cradle-to-grave” legislation, such as EPEA, does 
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not have a statute of limitations and is intended to prevent any unfunded financial obligations from 

being ultimately borne by the Province of Alberta. Such legislation can create long-lived liabilities 

that are so material that they “sterilize” or prevent valuable lands from ever being developed. 

 

2.3.6 Polluter Pays Principal 

The central tenet of PPP is that organizations and people are responsible for their actions and that 

there are legal, financial and moral responsibilities associated with causing environmental 

contamination. These environmental liabilities persist from the moment that there has been an 

adverse effect, up and until the time that all negatively impacted environmental media has been 

remediated and complies with the applicable laws, regulations or guidelines (Alberta, 2016e). The 

underlying intent of PPP is to assign specific responsibilities for the eventual financial costs of site 

remediation and management. However, in practice, applications of the principle for commercial 

and industrial sites, oil and gas properties, heavy industrial sites and other contaminated lands have 

proven to be problematic, particularly when the polluter is defunct or insolvent or where there are 

multiple suspected polluters. For example, the Orphan Well Association (OWA) is a not-for-profit 

organization in Alberta created with a mandate to manage the abandonment of upstream oil and 

gas orphan wells, pipelines, facilities and the remediation and reclamation of their associated sites 

(OWA, 2017). Funding for the Association is derived from oil and gas levies and from the 

Government of Alberta. The OWA reported as at December 2016 there were 1395 orphan wells 

considered to be abandoned in addition to 1617 orphan pipeline segments and 688 orphan sites 

presently under reclamation (OWA, 2017). These challenges are not unique to Alberta. Globally, 

the estimate for all oil and gas abandonment and reclamation liabilities may extend into trillions 

of dollars (Rogers and Atkins, 2015)  
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Applying the PPP principle to unfunded liabilities associated with uncontrolled legacy municipal 

solid waste (MSW) land disposal sites has proven to be equally as problematic. Generically 

referred to hereinafter as “legacy disposal sites”, these are places where undifferentiated waste has 

been disposed of in an unorganized manner without specific engineering or administrative controls 

sometimes being located in environmentally sensitive areas. In general, many are located in and 

around urban areas or close to built-up areas (Lavalin, 1982) and correspondingly near high-valued 

lands.  

 

2.3.7 Contaminated Sites Policy Framework 

Derived from legislative powers established within Alberta EPEA, the Contaminated Sites Policy 

Framework is the document that provides the framework for the Alberta Tier 1 Soil and 

Groundwater Remediation Guidelines (Alberta, 2016c), Alberta Tier 2 Soil and Groundwater 

Remediation Guidelines (Alberta, 2016d), and Alberta Exposure Control Guidelines and the 

Environmental Site Assessment Standard (Alberta, 2016a). These Acts and Regulations are the 

primary tools and frameworks used to establish regulatory compliance at a legacy disposal sites. 

Ultimately, they create the basis upon which to settle an environmental liability for which the 

functions and practical applications are analyzed below. 

 

2.3.8 Applicable Guidelines 

The environmental site assessment (ESA) process turns upon current and future interactions with 

regulatory agencies through application of the Alberta Tier 1 and Tier 2 Soil and Groundwater 

Remediation Guidelines. These Guidelines have been developed to manage risks to human health 
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and negative impacts to ecological receptors by defining maximum acceptable levels of 

contamination (Jennings and Ma, 2007) for each type of receptor along a given receptor pathway 

and under specific land-use settings. Use of these Guidelines may be connected to specific zoning 

bylaws. In short, they establish specific environmental quality criteria for regulatory compliance 

or non-compliance and provide a framework through which liabilities may ultimately be managed 

and settled.  

 

As in most other North American jurisdictions, Alberta regulators have provided a “tiered” 

approach to contaminated site management which includes generic guidelines, modified generic 

guidelines/site-specific risk-based guidelines and exposure control, set by Alberta Environment 

and Sustainable Resource Development (ESRD, 2014a). The overall intent is to provide a variety 

of tools that can be used to tailor the guidelines for a specific site - commensurate with its 

associated level of risk.  

 

Contaminated sites fall under the Alberta Framework for the Management of Contaminated Sites 

and as described in the Guidelines, are designed to achieve three policy outcomes:  

 

1. “Pollution prevention: Avoid impairment or damage to the environment, human health 

or safety or property; 

2. Health protection: Take action on contaminated sites that is commensurate with the risk 

to human health and the environment; and  

3. Productive use: Encourage remediation and return of contaminated sites to productive 

use  
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Under this framework, three management options are provided: Tier 1, Tier 2 and Exposure 

Control (Alberta, 2016c),. The first of these tiered guidelines is titled: Tier 1 Soil and Groundwater 

Remediation Guidelines. These are a set of “generic” guidelines, made up of simple tabular values 

that require minimal site information. They constitute conservative assumptions about soil and 

groundwater characteristics (Alberta, 2016c) so as to provide applicability in the protection of a 

wide variety of sensitive sites. They may be considered to be “default” guidelines that may not 

take into consideration site-specific conditions.  

 

In general, the results of laboratory analysis of soil and groundwater samples collected during the 

ESA process, most commonly achieved through prescribed sampling and testing performed during 

Phase 2 ESA and Delineation ESA provide the data used in comparisons with applicable guidelines 

that are based on land use receptor pathways and receptor sensitivity. These include factors such 

as natural area land use, agricultural land use, residential/parkland use, commercial land use and 

industrial land use (ESRD, 2014a). If ESA field samples produce results that comply with the 

applicable Tier 1 Guidelines, no further remediation work may be required. In cases of con-

compliance, more remedial measures may be necessary under Tier 2 and/or Exposure Control. 

 

Where it is not possible to comply with Tier 1 Guidelines, such as in cases of recalcitrant CoC or 

inaccessible contaminant sources that may exist under structures, a Tier 2 approach may be 

followed to allow for the consideration of site-specific conditions either by the modification of 

Tier 1 Guidelines or by conducting a site-specific risk assessment (SSRA) (Alberta, 2016d). 
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The proper application of Tier 2 Guidelines requires the collection of very detailed information 

about the site and an accurate interpretation of that information. The overall intent is to allow 

assessors to develop guidelines, or remediation end-points specifically tailored to a particular site. 

Sites that are less sensitive may have Tier 2 values that are less restrictive than Tier 1 values but 

which may provide adequate levels for the protection of human and ecological health (Alberta, 

2016d) 

 

If compliance with Tier 1 or Tier 2 cannot be achieved, as may occur at severely contaminated 

legacy disposal sites, a final management option may include the control of exposure to 

contaminants or “Exposure Control”. This approach may involve the use of physical exposure 

barriers or various other options for the administrative management of the site based on strategies 

that consider site-specific risk assessments such as one or more engineered controls using 

impermeable liners or “caps”, vapour extraction or air purification systems and/or administrative 

controls, such as restrictive covenants registered on titled lands (ESRD, 2014a). The intent, as with 

Tier 1 and Tier 2, is to control or eliminate one or more exposure pathways and to prevent negative 

impacts to human health and the environment now and in the future (Alberta, 2016d). Importantly, 

while regulatory closure is possible under Tier I and Tier 2, it is not possible under an exposure 

control scenario as the latter strategy often requires that the contamination be left in place while 

steps are taken to limit or prevent human, plant and animal exposures to those contaminants.  

 

2.3.9 Regulatory Closure  

Once the applicable guidelines have been developed for a particular site and a remediation, or 

long-term risk management strategy has been approved by the regulator, proponents typically seek 
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to settle liabilities through regulatory closure, typically evidenced by a remediation or reclamation 

certificate (ESRD, 2014a). Regulatory closure is the culmination of the entire life-cycle 

management of a legacy disposal site and signals that the responsible parties have remediated all 

environmental media to a level that is consistent with the applicable guidelines and have therefore 

“settled” the liability (ESRD, 2014a). However, as with preceding stages, closure may be 

protracted, costly and uncertain. Although certain remediation objectives may have been achieved 

the responsible parties may still be required to confirm that no residual contamination remains at 

the site (Alberta, 2016c). Governments may require longer-term monitoring, particularly at 

complex or severely contaminated sites, so as to develop a comprehensive, systematic and 

defensible program to determine if contaminated soil and/or groundwater are stable (on-site and 

off-site) and not develop future adverse effects. Generally, regulators are reluctant to provide 

closure until success can be demonstrated to extend over a defined period of time, typically three 

full hydrological cycles or approximately three calendar years, and that soil and groundwater 

comply with applicable guidelines (Alberta, 2016c). It has been demonstrated that the site closure 

process may extend to four or five years, or even decades (Cirrus, 2014a; 2014b), depending on 

specific site conditions including cases when regulated objectives for remediation have been 

achieved. 

 

2.3.10 Regulatory (Social Considerations) Conclusion  

I contend that legacy disposal sites may often defy distinct categorizations and may not readily fit 

into distinct categories of “active landfill” or “inactive landfill” (Tintner et al., 2012). This 

uncertainty originates with site placement, contents and interaction with surrounding soil and water 

quality. Also, misleading language often used by regulators and other stakeholders may greatly 



 

54 

complicate the application of standards to be used in reclamation. I argue that as a result of these 

factors, government regulators may employ overly conservative and recalcitrant regulations that 

may work to limit the restoration of natural areas and limit the reuse of urban lands by minimizing 

development pressures on greenfield land (De Sousa, 2006). Moreover, I argue that there are few 

consistent long-term environmental quality data available that could be used to predict the behavior 

and nature of contaminants at many sites in Alberta or indeed throughout North America (Yenigül 

et al., 2011). 

 

To validate these assertions, I have assessed the data gaps surrounding these sites, and the overall 

regulatory framework that governs legacy land disposal sites in Alberta, Canada with particular 

focus on the 300 metre setback established in the Alberta Municipal Government Act, Subdivision 

and Development Regulation (Alberta, 2014) (legacy disposal sites) and the Alberta Tier 1 and 

Tier 2 Soil and Groundwater Remediation Guidelines as they relate to inactive landfills. What has 

emerged are two issues that represent a material impediment to SD. They are:  

 

1) The Alberta Government has not provided an adequate body of evidence (LWG, 2015) 

confirming that these setbacks are not overly conservative and are in fact the right tool to be used. 

This lack of evidence may be contributing to the underutilization of valuable urban lands in and 

around legacy disposal sites while also creating an impediment to investment, development and 

construction of certain infrastructure (De Sousa, 2006). Laner et al. (2009) cite data from Austria 

and assert that the impact of inactive landfills on the environment may be relatively benign even 

under extraordinary conditions, such as flooding: “the results indicate that flooded municipal solid 

waste landfills represent in general small environmental risks for the period of flooding” (Laner 
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et al., 2009). While this may not be conclusive evidence for an argument in support of 

encroachment, it does serve to question the apparent dogged adherence by regulators to these 

statutory setbacks. 

 

2) In lieu of data supporting setbacks, additional questions may arise in regard to the sufficiency 

of existing guidelines under Alberta Tier 1 and Tier 2 Soil and Groundwater Remediation 

Guidelines in supporting SD. While challenging, the methods used to collect and assess certain 

data regarding toxicities used to underpin existing guidelines are beyond the scope of the research 

presented here. However, questions emerge regarding potentially overly conservative approaches. 

Jennings and Ma (2007) compared and contrasted the guidance values for specific contaminants 

of concern, such as Cd, Cr, Cu, Ni, Pb, and Zn, across Canadian and American Provinces, States 

and Territories, specifically as they relate to legacy contaminated brownfield sites that included 

legacy disposal sites. The authors report a variation of between 2 and 5 orders of magnitude for 

some metals. Notably, the most significant differences are not between US and Canadian guidance 

but between individual jurisdictions within each country. Jennings and Ma (2007) concluded: 

“when current guidance values were used in Hazard Index analysis is applied to 20 sample urban 

brownfield sites, the results varied by 2 orders of magnitude” 

 

These data indicate that many jurisdictions may not, in fact, be employing correct guidelines. 

Clearly this type of variance can undermine the rigid application of standardized Guidelines for 

many long-term SD strategies for several reasons: 1) it may potentially create unattainable 

remediation criteria and result in lands that cannot be brought back to productive use because the 

impediments to development are too great; 2) it drives management and remediation costs up 
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which “sterilize’ the site; or, 3) it places the public at risk because the guidelines are not protective 

of human health. In either scenario, the unintended outcomes can result in management decisions 

that run contrary to the Alberta Government’s stated policy goals of “Productive Use: Encourage 

remediation and return of contaminated sites to productive use” (ESRD, 2014a).  

 

2.4 Financial (Economic) 

2.4.1 Introduction 

Previously I evaluated both “Technical” (environmental) and “Regulatory” (social considerations) 

Silos and identified internal gaps, as well as inter-relational inconsistencies that undermine 

attempts to achieve sustainable development (SD) pertaining to legacy disposal sites. Here I 

consider the “Financial” silo, one that embodies “the concept of money or other liquid resources 

of a government, business, group, or individual” (Austin et al., 1997). These are fiscal resources 

that must be accounted for and managed in accordance with prescribed financial accounting 

standards such as the International Financial Reporting Standards (IFRS) used in Canada (Chala 

et al., 2011). Financial considerations are arguably the most pivotal and influential of all the silos 

within my proposed SD taxonomy. I contend that the financial silo is the key point upon which the 

other two silos ultimately turn and, more importantly, that current financial tools and management 

frameworks have not as yet embraced the many financial challenges posed by legacy disposal sites 

(De Sousa, 2006). The net result is that current financial accountability models may not accurately 

crystallize the liability, account for the necessary fiscal resources required to adequately manage 

lifecycle costs or include the appropriate mechanisms to fund adequately long-term, material 

environmental liabilities (Rogers and Atkins, 2015). These factors individually and severally may 

result in a contradictory SD scenario, one where the costs and benefits of managing these sites are 
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not adequately addressed in order to achieve current policy objectives for reclamation and 

management with the result that material costs are ultimately deferred to future generations. 

 

To address the issues, I first evaluate current approaches, including present financial tools and 

frameworks used, such as Site Specific Liability Assessments (SSLAs) and Asset Retirement 

Obligations (AROs), that are generally employed to assess contingent environmental liabilities. I 

then draw parallels to the issues faced by the oil and gas industry and unfunded liabilities related 

to orphan well sites, pipelines and infrastructure. These factors are then evaluated in the context 

of new governmental financial reporting requirements as they pertain to Liability for Contaminated 

Sites (Sections PS3260 and PS 3270) (KPMG, 2013). Finally, I discuss the concept of Generation 

Adjusted Discounting (GAD) (Bayer and Méry, 2009), one which is intended to strike a balance 

for costs and benefits across generations. I conclude with a discussion of how these approaches 

may ultimately fall short of their intended purposes. 

 

2.4.2 Financial Labilities: The Polluter Pays Principal  

The Polluter Pays Principle (PPP), described earlier in some detail, is the cornerstone of 

establishing regulatory compliance. The central tenet of PPP is that organizations and people are 

responsible for their actions and that there are legal, financial and moral responsibilities associated 

with causing environmental contamination. These environmental liabilities persist from the 

moment that there has been an adverse effect, up and until the time that all negatively impacted 

environmental media have been remediated and comply with the applicable laws, regulations or 

guidelines (Alberta, 2016e). The underlying intent of PPP is to prevent governments (and hence 

the public) from having to assume the ultimate responsibility for the financial costs of site 
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remediation and management. However, the practical application of PPP at commercial and 

industrial sites, oil and gas properties, heavy industrial sites and other contaminated lands has 

proven to be problematic, particularly in cases whereby the polluter becomes defunct or insolvent, 

or where there are multiple suspected polluters. As mentioned previously in Section 2.4.7, the 

Orphan Well Association (OWA) is a not-for-profit organization with a mandate to manage the 

abandonment of upstream oil and gas orphan wells, pipelines, facilities and the remediation and 

reclamation of their associated sites. This is an example in Alberta of an attempt to manage 

liabilities related to the PPP. 

 

Applying the PPP principle to unfunded liabilities associated with uncontrolled legacy municipal 

solid waste (MSW) land disposal sites has also proven to be challenging. Generically referred to 

hereinafter as legacy disposal sites, these are sites where undifferentiated waste has been disposed 

of in no organized manner, without specific engineered or administrative controls that may impact 

environmentally sensitive areas. These disposal sites are frequently located in and around urban 

areas, or close to built-up areas (Lavalin, 1982) and may include valuable lands for real estate or 

related development purposes. 

 

2.4.3 Site-Specific Liability Assessment  

The Site-specific Liability Assessment (SSLA) Process is based on AER Directive 001 (Alberta, 

2012b) or an equivalent standard. The Directive prescribes methodologies as to how data and 

information, including uncertainties and estimates resulting from the ESA Process, extend from 

the technical, regulatory realm into the financial realm. Accordingly, a SSLA must ultimately 

address financial estimates that may be used to establish the magnitude of the liability for 
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developers and government regulators. A highlight of the Directive is that financial reporting 

frameworks, specifically the recognition of contingent liabilities, may further create uncertainty 

about the actual magnitude of the liability and may result in strategies that defer clean-up until 

closure at the end-of life of the facilities. At that time, there may not be adequate funds in place to 

remediate or settle material outstanding liabilities.  

 

The assignment of liabilities to one or more parties is further complicated by the fact that it may 

be difficult or impossible to identify the person, person(s) or corporate entities responsible for the 

pollution. Many of these disposal sites are distinguished by illegal dumping by parties unknown 

or dumping by multiple contributors. Additionally, poor record keeping by insolvent corporations, 

or historical practices and activities, have tended to be overtaken with legislative change intended 

to establish modern standards of care. Notwithstanding these challenges, even in cases where the 

polluter has been identified by the regulators, or where a municipality has assumed control for site 

management, site clean-up and mitigation may be a long and convoluted process.  

 

In practice, the process of site-specific liability assessment (SSLA) is intended to encompasses the 

entire lifecycle of the legacy disposal site and therefore must consider all the costs to restore a site 

to its original undisturbed condition or to conditions compatible with proposed land use and zoning 

(Alberta, 2012b). The results of the ESA process must, by definition, embody estimates for 

remediation costs. These estimates should accurately present such forecasts through the use of 

various financial reporting frameworks. In short, the determination of the ultimate financial 

responsibility is the crux of the life-cycle management process for uncontrolled land disposal sites. 

The uncertain costs for clean-up, litigation and other aspects of risk management may, in some 
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cases, materially impact the financial position of the affected parties or may result in 

insurmountable financial burdens for private citizens or small municipalities. Understandably, in 

cases where significant financial liabilities occur, there may be pressure to misrepresent, 

underestimate or downplay the full cost of the environmental remediation at specific sites. 

Accordingly, these external considerations may eclipse the ultimate goal of existing regulations 

for site remediation. Further, there are uncertainties and technical complexities that underlie the 

entire ESA process. In some cases the findings and conclusions from such investigations may raise 

more questions than they answer (Thomsen et al., 2012). These findings and conclusions become 

important components of the SSLA process to compose financial estimates. Such financial 

estimates, based on such studies and approaches, may or may not represent the reality of the 

existing, or ultimate, costs. This highlights the systemic shortcomings of what I have chosen to 

term a “misalignment” between the two silos.  

 

2.4.4 Contingent Environmental Liabilities  

A liability is defined as “the present obligation arising from past events, the settlement of which is 

expected to result in an outflow of resources embodying economic benefits” (Chala et al., 2011). 

Such liabilities derive from either legal or constructive obligations recognized in financial 

statements for individuals, corporations or government agencies. For greater certainty, a legal 

obligation is defined as an “obligation that derives from a contract (through its explicit or implicit 

terms), legislation, or other operation of law” while a “constructive obligation” is one “that 

derives from an entity’s actions when the entity has indicated to the other parties that it will accept 

particular responsibilities and as a result, has created a valid expectation on the part of those 

other parties that it will discharge those responsibilities” (Chala et al., 2011)  
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The contamination of environmental media resulting from non-compliant past actions or 

uncontrolled dumping may satisfy the definition of a liability which, in turn, may require 

recognition through financial statements. While financial recognition may appear to be 

straightforward, in fact the disclosure of contingent liabilities, typically associated with 

contaminated sites, may be more problematic (Fernandez et al., 2012). IAS 37 (IASB, 2001) 

defines a contingent liability as “a possible obligation that arises from past events and whose 

existence will be confirmed only by the occurrence or non-occurrence of one or more uncertain 

future events not wholly within the control of the entity; or, a present obligation that arises from 

past events but not recognized because it is not probable that an outflow of resources embodying 

economic will be required to settle the obligation; or the amount of the obligation cannot be 

measured with sufficient reliability”  (IASB, 2001) [my emphasis]. 

 

Notable are the term “probable” and “possible”. Clearly, there must first be disclosure relative to 

material threats to future cash flows. However, the terms used tend to raise questions about how 

much information is necessary in making such determinations. Could such disclosures potentially 

compromise pending litigation with attendant possibilities for public controversy, and what would 

be the consequences should such undefined liabilities, in fact, not materialize? (Fernandez et al., 

2012). 

 

2.4.5 Asset Retirement Obligations 

Similarly, asset retirement obligations (ARO) are intended to anticipate future and uncertain costs 

associated with the retirement of a tangible long-lived asset. Factors generally considered are 
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settlements that have resulted from an existing or enacted law, statute, ordinance or from a written 

or oral contract or by legal construction of a contract under the doctrine of promissory estoppel 

(Chala et al., 2011). Accordingly, in situations where an entity has an on-site uncontrolled land 

disposal site, or that has contributed waste to one that is located off-site, there may be a requirement 

to report costs anticipated to settle the associated liabilities (remediate) at the end of the useful life 

of the site. When estimating, or planning to fund a long-term ARO, the inaccuracies associated 

with the ESA and SSLA processes discussed earlier, compound and make more difficult precise 

estimates of the ultimate environmental remediation costs. This is particularly so for large-scale, 

complex sites where a primary or secondary source of contamination may persist undetected for 

decades (ASTM, 2014). In these cases, environmental contamination may be considered as an 

ongoing hazard which may spread and cause unintended or unpredicted effects (Fernandez et al., 

2012). In short, the cumulative environmental damages and the ultimate clean-up costs required, 

may be significantly greater in future as the result of a strategy to defer decisions and actions at 

specific sites. 

 

2.4.6 Generation Adjusted Discounting 

While such factors pertain solely to specific financial reporting requirements, another financial 

reporting concept, referred to as Generation Adjusted Discounting (GAD) (Bayer and Méry, 2009), 

may bear on the issue of cost estimates for remediation. Strictly speaking, this is not a requisite 

financial reporting requirement but it carries broader implications about the contradictory way SD 

is conceptualized and the way liabilities are recognized and actualized in current financial and 

regulatory decisions. 
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Discounting is a concept employed to compare future and current monetary effects (Bayer and 

Méry, 2009) and it underpins many investment decisions related to the optimal allocation of 

resources (Zeckhauser and Viscusi, 2008) whose premise rests on the principal that one dollar 

today is worth more than one dollar in the future. This is a concept that recognizes the “time value 

of money”. In basic terms, discounting is an accounting tool used to inform decision-makers and 

financial planners as to how clear-sighted financial choices made today may result in better future 

outcomes (Lumley, 1997). The application of discounting to environmental issues, particularly 

those that have extremely long time frames such as global warming, logging of old growth forests 

and even legacy landfills has created controversy, specifically in relation to the notion of cost-

benefit analysis as applied to the environmental considerations (Zeckhauser and Viscusi, 2008). 

Hence, there are further implications for any applications of discounted valuations to sustainable 

development (SD) in that “SD must meet the needs of the present without compromising the ability 

of future generations to meet their own needs” (Brundtland, 1987). The Brundtland definition 

asserts that, like it or not, societies must necessarily be forward looking and should give 

consideration to the needs of future generations. However, it raises a problem in that it tends to 

assume that we are able to predict accurately the needs and values of future generations. If that 

basic assumption underpinning current definitions of SD is questionable or false how can we 

confidently make effective decisions, and define policies and strategies, today?  

 

In attempting to achieve a balanced approach to addressing SD, suitable financial tools need to be 

identified. However, many associated contentious issues with potential moral and ethical 

implications (that are considered to be outside the scope of this thesis) must nevertheless be 

recognized when applying those financial tool(s). These issues include: 
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1) The assignment of monetary values on intangible environmental resources;  

2) The estimation of monetary values associated with environmental impacts; and,  

3) The process of discounting the financial streams of identified costs and benefits in any such 

analyses (Lumley, 1997).  

 

In addition, there are two dilemmas presented by most current discounting techniques: 

 

a) There are extremely long “time horizons” associated with environmental problems. These 

lengthy time frames make it important to consider, in such assessments, the benefits to future 

generations in relation to the aforesaid uncertainties in projecting returns to policies and future 

well-being; and 

b)  behavioral economics have made it clear that individuals frequently depart from rational 

prescriptions when making choices over time.  

 

Notably, both these factors may tend to undermine the application and value of the discounting 

principal (Zeckhauser and Viscusi, 2008). 

 

2.4.7 Public Sector Accounting Board (PSAB) 3260 and 3270 

Apart from the principles associated with GAD, there is a new reality for municipalities and other 

public sector entities reporting under Public Sector Accounting standards (beginning on, or after, 

April 1st, 2014) that may apply to financial disclosures for contaminated sites, including legacy 

landfills. The current, uncertain state of public entity disclosure in regard to existing or legacy sites 
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is reflected in guidance provided by KPMG (2013) [my emphasis] “Despite public sector entities 

four years to prepare for this new standard, many entities have yet to determine the extent of 

impact that PS3260 may have on their financial reporting. For some entities, this may result in 

unnecessary surprises with their reported results for the 2014-2015 fiscal year, and create 

challenging discussions with audit committees. Public sector entities need to plan for 

contaminated site reporting now”. 

 

When recognizing the liability, the PSAB provides the following guidance: “a liability for the 

remediation and mitigation of contaminated sites should be recognized when, as at the financial 

reporting date:  

 

a) contamination exceeds the environmental standard (applicable guidelines); 

b) the government: is directly responsible; or accepts responsibility; and 

c) a reasonable estimate of the amount can be made” (PSAB, 2009). 

 

The component requirements presented above have little application if adequate assessments under 

the Technical and Regulatory silos to identify and accurately characterize liabilities at legacy 

disposal sites have not been completed. Parallel with this technical concern, KPMG notes that 

further challenges to the full implementation of PS3260 arise from a lack of adequate information 

when applied to the long-term financial accountabilities of governments. These factors, in turn, 

serve to inhibit proper assessments as to the effectiveness and efficiencies of funding aimed at site 

remediation (KPMG, 2013). These considerations may have a material impact upon not just local, 

municipal or provincial financial accountabilities but may extend to national levels of concern 
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affecting the federal government. The authors cited a report from the Office of the Auditor 

General’s Commission of the Environment and Sustainable Development from June, 2012 that 

noted “the federal government faced up to $7.7 billion in environmental liabilities at March 31, 

2011 across approximately 22,000 actual, suspected, or closed federal contaminated sites. As of 

2013, 12,410 of the 22,000 sites were actual or suspected sites which had not yet been classified 

according to the Federal Contaminated Sites Inventory (implying insufficient information to 

enable an assessment of risk pertaining to the site). The potential environmental liability related 

to these unclassified sites and suspected sites could have a substantial impact on the financial 

reporting of the Government of Canada” (KPMG, 2013) [my emphasis]. 

 

2.4.8 Qualitative SD Risk-Analysis Tool 

In considering the three Silos - Technical, Regulatory and Financial - that govern the lifecycle of 

a legacy disposal site, I determined that there were inter- and intra-rational issues associated with 

the functioning of all three that could ultimately undermine the effective implementation of SD at 

a legacy disposal site. However, identifying these inherent gaps did not facilitate a greater 

understanding of how different, site-specific criteria alone or in combination, influenced the 

probability that one site would be successfully integrated and another would not. I concluded that 

what is required is a qualitative SD Risk-Analysis tool that integrates site-specific criteria to 

produce an overall “Risk Profile”, one that could be updated throughout the lifecycle of a legacy 

disposal site. These requirements were successfully accommodated through the creation of a “Risk 

Triangle” that included three axes, representing each of the 3 Silos, as seen in Figure 3. On each 

of these axes were placed 15 site-specific criteria related to each of the three Silos. 
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Figure 3. Risk Triangle  
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The site-specific criteria selected represent the full spectrum of “risk” from low to high, posed by 

each Silo. The concept of the Risk Triangle was drawn from the Sustainable Potential Analysis 

(SPA) framework described by (Lang et al., 2007). SPA is a “comprehensive assessment approach 

that is designed to adequately consider and interrelate the function, structural and contextual 

dimensions needed for assessing SD from a systemic perspective. . . The general goal of SPA is to 

analyze the potential of a system to hinder or support SD” (Lang et al., 2007).  

 

For example, in the Regulatory Silo on the horizontal axis, I included all the applicable regulatory 

outcomes/guidelines for a legacy disposal site. They range from “Low-Complexity” under “Tier 

1” in Alberta Tier 1 Soil and Groundwater Remediation Guidelines (Alberta, 2016c) to “High-

Complexity” under “Exposure Control” in Alberta Tier 2 Soil and Groundwater Remediation 

Guidelines scenarios (Alberta, 2016d). I took the same approach to create the Technical Silo where 

a “Phase I ESA” represented “Low-Uncertainty” and escalated to “Long-term Risk Management 

Plan” with “High-Uncertainty”. Costs typically associated with each stage of a legacy disposal site 

(from $10,000 to $5,000,000+) were applied to the Financial axis. The Risk Triangle was then 

divided into three sections, or “Risk Categories”. The lower portion represented by the green area 

suggests that the site has Low Risk/High Probability of Integration, the middle yellow portion 

describes Medium Risk/Moderate Probability of Integration and the upper portion constitutes High 

Risk/Low Probability of Integration.  

 

To determine the probability that a site will, or will not, be successfully integrated into an urban 

community the appropriate site-specific criteria for each site must be placed on an appropriate axis. 

Connecting the risk criteria on each axis in turn generates a triangular shaped “Risk Profile” for 
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the site. The appropriate level of risk associated with the Site is approximated by the area 

encompassed within each Risk Category. Figure 4 presents a hypothetical site with “Tier 1”, 

“Phase 1 ESA” and “$10,000 site-specific criteria. The resulting Risk Profile fits entirely within 

the Low-Risk/High Probability of Integration Risk Category. In contrast, Figure 5 illustrates 

another hypothetical site with “Exposure Control”, “Risk Management Plan” and “$5,000,000+” 

site-specific criteria. In this case, the resulting Risk Profile extends into the High Risk/Low 

Probability of Integration Risk Category, suggesting that this site will be problematic and may not 

be suitable for integration into an urban community. Figure 6, for example, demonstrates a 

Medium-Risk/Moderate Probability of Integration Risk Category. 

 

By applying the Risk Triangle to a variety of different legacy disposal sites, it becomes evident 

that Sites with Long-term Risk Management Plans, Financial Liabilities greater than $1,000,000, 

and are skewed towards Greater Complexity are much less likely to achieve successful integration 

even though their Risk Profiles may be very similar to each other. In general, financial liability 

and technical uncertainty determine if a legacy disposal site will be successfully integrated into an 

urban community. This assertion also aligns with the criteria that determine the Critical Decision 

Point described subsequently in Chapter 4. 
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Figure 4. Low-Risk/High Probability of Integration 
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Figure 5. High Risk/Low Probability of Integration 
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Figure 6. Medium-Risk/Moderate Probability of Integration 
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2.4.9 Financial (Economic) Conclusion  

Clearly, challenges involved with the identification, assessment, recognition and funding of legacy 

disposal sites, indeed for contaminated sites in general, may be fraught with uncertainty and 

complexity. These challenges for legacy sites are, in many ways, virtually identical to the wellsite 

abandonment challenges faced by the oil and gas industry and the Government of Alberta as 

described earlier. Moreover, attempts to predict, define and make effective decisions regarding 

sustainable development (SD) tend to be undermined by what are here assessed as deeply flawed 

discounting models that do not balance and account for future intergenerational equity associated 

with the current environmental liabilities being incurred at legacy disposal sites. 

 

Landfills, along with legacy disposal sites, also create a unique set of issues for the achievement 

of SD. Landfills tend to be concerned with “stockpiles of materials - wastes that are sequestered 

indefinitely in direct contact with soil and water.” (Bayer and Méry, 2009). These realities may 

represent a concern for those living in and around these sites, especially related to the future 

impacts to local environmental quality. Second, as a defined waste sink, they will for the entirety 

of their lifecycle, represent a source of contaminants which could be a cause of future pollution 

incidents. This fact makes them one of, if not the most serious, challenges problem in waste 

management in attempting to attain proper implementation of sustainability criteria (Page, 1977).  

 

In sum, the issues and challenges surrounding legacy disposal sites share many commonalities 

associated with the retirement of other long-lived assets such as facilities for oil and gas 

production, industrial manufacturing or municipal public works. When exhausted, these assets no 

longer generate revenue or fulfill a need. Hence, remediation costs may be financially prohibitive 
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as they may be associated with facilities that no longer generate any revenue. Owners and 

managers of these sites may be faced with a lack of funds and accordingly will have little 

motivation to invest in a now-defunct, depreciated, asset. An example of this is the oil and gas 

industry where the long-term environmental liabilities appear to have been chronically 

underestimated and subsequent set-aside mechanisms costs for remediation underfunded: 

“Reported ARO liabilities for the oil and gas sector are 50% of total debt; and, in absolute terms 

the industry’s global environmental debt is estimated to be several trillion dollars - far greater 

than what is being reported.” (Rogers and Atkins, 2015)  

 

The magnitude of the challenges faced by governments at all levels across North America for 

adequate remediation is reflected in recent assessments of disposal sites. There are an estimated 

1152 active and inactive land disposal sites identified in Alberta, the Landfill Inventory 

Management Ontario (LIMO) estimates that there are 2,400 active landfills in Canada (Ontario, 

2017) and the United Sates Environmental Protection Agency (USEPA) records 3581 active 

landfills across the United States (USEPA, 1996). Notwithstanding these attempts at 

quantification, the true number of North American legacy land disposal sites may reach to tens of 

thousands (USEPA, 2014). Urbanization across North America, with attendant increases in urban 

population densities, will predictably have the effect of legacy disposal sites becoming a material, 

unfunded liability for individuals, private organizations and governments. Accordingly, I contend 

that new strategies and approaches, similar to the set-aside and collection mechanisms (NEB, 

2014) for oil and gas asset retirement obligations (ARO), will be needed to address, anticipate and 

resolve this ongoing, and growing, issue. Furthermore, I contend that the problem may be 

exacerbated by inadequate current financial, regulatory and technical frameworks that may 
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unintentionally have the effect of working contrary to public policy with the unintended result that 

encourages polluters either to divest the site, to defer costs associated with clean-up, or to 

deliberately enter into financial default. All these outcomes may work to ultimately extend 

remediation costs for these sites to an unspecified future point. These future costs could be material 

and could ultimately exert a significant impact on public finances at all levels of government. 

 

2.5 Chapter Conclusion  

In this chapter I evaluated the several tools and frameworks currently used to manage land disposal 

sites, from cradle to grave, that inform better perspectives on SD. While the focus of the research 

and specific references are drawn from Alberta, the management processes discussed generally 

align with those in other jurisdictions across Canada and North America (USEPA, 2014). As 

presented in Chapter 1, I have used a Silo approach and Qualitative SD Risk-Analysis Tool to 

determine the probability that a legacy disposal site will or will not be successfully integrated into 

an urban community.  

 

In order to properly apply and understand “Technical” tools to be applied to sustainable 

development (SD) at legacy disposal sites, an ESA program must first adequately address the 

complexities that arise within the physiographic setting and the various interactions on 

undifferentiated and potentially hazardous wastes. Assessors and regulators must also consider the 

potentially hazardous and toxic waste components, the synergistic potential between different 

waste types, the degradation of waste and the production of intermediaries, soil type and site-

specific composition, seasonal groundwater fluctuations and extraordinary events such as flooding 

and slope failure. Technical assessments must be tailored to reduce uncertainty with regard to 
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actual or potential impacts to human health and the environment so as to better assess potential 

costs required to manage or remediate the site to a level where environmental professionals, 

regulators and other stakeholders can make effective decisions regarding sustainable development 

(SD) strategies. As demonstrated earlier, the tools and frameworks embodied within the systematic 

and iterative environmental site assessment (ESA) process include uncertainties and limitations 

that can compound in subsequent phases and cause material underestimations of the degree and 

extent of environmental contamination with implications for the overall environmental liability. 

Inadequate or erroneous conclusions that originate during the Phase I ESA may be magnified in 

Phase II ESAs and Delineation ESAs by sub-optimal assessment and monitoring arrays, field 

errors, and the technical limitation sampling devices and methods. This is especially the case in 

complex site conditions such as heterogonous subsoils, fractured bedrock media and 

hydrogeology. These factors in turn create inaccuracies with conceptual site models and may lead 

to wasteful or misaligned risk management strategies and remediation programs. Ultimately this 

series of events can result in inaccurate liability estimates and result in underestimations in 

resources, often described as a “funding gap” that may emerge late in the process of site-specific 

remediation.  

 

In regard to the Regulatory “Silo”, I contend that legacy disposal sites may often defy distinct 

categorization and generally do not fit readily into the widely used categorizations of “active 

landfill” or “inactive landfill” (Tintner et al., 2012). This difficulty in application of standardized 

categorizations may originate, at least in part, from uncertainties related to their placement, 

contents and interaction with surrounding soil and water quality. Other difficulties are related to 

the misleading language often used by regulators and other stakeholders in describing and 
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categorizing landfills. It is contended that this has led to an overly conservative and recalcitrant 

regulatory regime that has caused unintended limitations for the restoration of natural areas and 

has restricted unnecessarily the reuse of urban land for development in areas designated as 

“Greenfields” (De Sousa, 2006). Moreover, current inconsistent methodologies for the collection 

and application of long-term environmental quality data regarding the behavior and nature of 

contaminants at these sites hinder comparative management approaches and applications, not only 

in Alberta but across North America (Yenigül et al., 2011). 

 

To validate the assertions presented in Chapter 2, I have assessed the data gaps surrounding these 

sites, and the overall regulatory framework that governs legacy land disposal sites in Alberta with 

a focus on the well-established practice of a 300 metre setback from landfill sites, as established 

in the Alberta Municipal Government Act, Subdivision and Development Regulation (Alberta, 

2014) (directed to legacy disposal sites) and the Alberta Tier 1 and Tier 2 Soil and Groundwater 

Remediation Guidelines as they relate to inactive landfills. What has emerged are two issues that 

represent a material impediment to SD: 

  

1. The Alberta Government has not provided an adequate body of evidence (LWG, 2015) 

confirming that these setbacks are not overly conservative and represent the best management tool 

for the job. The unqualified application of such standardized setbacks may be contributing to the 

underutilization of valuable urban lands in and around legacy disposal sites while creating 

unnecessary impediments to investment in development and infrastructure (De Sousa, 2006). For 

example, Laner et al. (2009) cite Austrian literature, that led them to conclude that the impact of 

inactive landfills on the environment may be relatively benign even under extraordinary 
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conditions, such as flooding. They noted: “the results indicate that flooded municipal solid waste 

landfills represent in general small environmental risks for the period of flooding.” While this 

paper does not provide conclusive evidence in support of encroachment, it raises question about a 

dogged, uninformed adherence to statutory setbacks. 

 

2. In lieu of definitive data that could be used to support defined setbacks, questions may arise 

regarding the sufficiency of existing guidelines under Alberta Tier 1 and Tier 2 Soil and 

Groundwater Remediation Guidelines in working to achieve SD. While it is beyond the scope of 

this work to challenge the methods, data and toxicology work that underpin the current setback 

guidelines, questions nevertheless arise as to whether or not the current regulations and practices 

may be overly conservative. Jennings and Ma (2007) compared and contrasted the guidance values 

for specific contaminants of concern, such as Cd, Cr, Cu, Ni, Pb, and Zn used across Canadian and 

American Provinces, States and Territories, specifically as they relate to legacy contaminated 

brownfield sites, including legacy disposal sites. They report variations up to five orders of 

magnitude measured for some metals near their study areas. Notably the most significant 

differences are not between US and Canadian guidance, but from individual jurisdictions within 

each country (Jennings and Ma, 2007). They conclude that “when current guidance values were 

used in Hazard Index analysis is applied to 20 sample urban brownfield sites, the results varied 

by 2 orders of magnitude.” 

 

Consequently, a fundamental question arises: Which jurisdiction has the correct guidelines and 

what justifies them? Clearly such variances in pollutant levels can undermine any long-term SD 

strategy as they may create unattainable remediation criteria, drive management costs up, or 
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potentially place the public at risk. In either case it has an unintended outcome that may be contrary 

to one of the Alberta Governments’ stated policy goals for “Productive Use” (ESRD, 2014a). 

 

As to issues related to the Financial Silo, the identification, assessment, recognition and funding 

of legacy disposal sites and contaminated sites in general, tend to be fraught with uncertainty and 

complexity. Remarkably, these issues associated with legacy disposal sites are similar to the 

challenges faced by the oil and gas industry in Alberta, as described earlier. Moreover, attempts to 

anticipate and to evolve adequate management plans so as to make effective sustainable 

development (SD) decisions may be undermined by deeply flawed financial discounting models 

that do not account, or allow, for the balancing of intergenerational equity relative to current and 

future environmental concerns at legacy disposal sites.  

 

Landfills, along with legacy disposal sites, tend also to be accompanied by unique sets of issues 

when attempting to apply SD. First, these facilities tend to deal with “stockpiles of materials - 

wastes that are sequestered indefinitely in direct contact with soil and water” (Bayer and Méry, 

2009). This fact may give rise to concerns about the impact to environmental quality among those 

living in and around these sites. Second, as a waste sink they will, for the entirety of their lifecycle 

represent a contaminant source and a potential source for pollution. This fact alone renders such 

sites as one of the most serious problems in waste management especially with respect to the 

implementation of sustainability criteria (Page, 1977).  

 

The issues and challenges surrounding legacy disposal sites share many commonalities with the 

retirement of long-lived assets such as facilities for oil and gas, industrial manufacturing or 
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municipal public works. At the end of life, such assets are no longer generating revenue or fulfilling 

a need and the resulting costs for remediation may be prohibitive. Owners and managers of these 

sites are frequently faced with a lack of funds while having little appetite to invest money into a 

defunct, depreciated asset. The oil and gas industry has been cited as an industry where the long-

term environmental liabilities have been chronically underfunded: “Reported ARO liabilities for 

the oil and gas sector are 50% of total debt; and, in absolute terms the industry’s global 

environmental debt is estimated to be several trillion dollars - far greater than what is being 

reported” (Rogers and Atkins, 2015).  

 

In summary, my research has demonstrated that the tools and frameworks currently used to manage 

the lifecycle of legacy disposal sites in Alberta, are not fully consistent with the goals set for 

sustainable development (SD). This can have several undesirable outcomes: 1) potential human 

health and environmental threats are not adequately assessed or understood, creating an 

underestimation, or overestimation of the risks; 2) the regulatory framework can prove to be overly 

conservative and intractable and may discourage potential redevelopment strategies; 3) the extent 

of the environmental liabilities may not be adequately addressed and so create a funding gap that 

may eventually create an undue financial burden on governments. The net result may be that legacy 

disposal sites are underutilized and waste valuable land resources and contrary to public policy of 

bringing the these lands to productive use (ESRD, 2014a) in alignment with highest and best use 

principles (Beckwith, 2010).  

 

Subsequently, in Chapter 3, I apply the methodology and Silo approach detailed in this chapter at 

two legacy disposal sites in Alberta that have been absorbed into urban communities. In one case 
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study, an SD approach was successfully applied, in the other, it was not. By comparing and 

contrasting these two sites, I will highlight the specific gaps relative to SD that emerge. 
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Chapter Three: Gaps in Tools and Frameworks: Two Applied Case Studies 

 

“The power of the concept of sustainable development is that it both reflects and evokes a latent 

shift in our vision of how the economic activities of human beings are related to the natural world 

- an ecosystem which is finite, non-growing and materially closed. The demands of these activities 

on the containing ecosystem for regeneration of raw material “inputs” and absorption of waste 

“outputs” must, I will argue be kept at ecologically sustaining levels as a condition of sustainable 

development” (Daly, 1996). 

 

3.1 Overview 

In Chapter 2, I undertook an assessment of the current tools and frameworks employed in the 

Province of Alberta to manage legacy disposal sites using a sustainable development approach 

(SD). To accomplish this, I utilized a “Three-Silo” framework (Technical, Regulatory, Financial) 

in conjunction with a Qualitative SD Risk-Analysis Tool. The conclusions that were drawn from 

this assessment are twofold: first, each Silo has unique tools and frameworks that are intended to 

address a specific issue. While each Silo satisfies a specific requirement, it may not always be 

aligned with other tools and frameworks or long-term management goals and objectives that 

require a more holistic approach (Lang et al., 2007). I contend that this can result in systemic flaws, 

inherent within each of the three Silos, that may tend to compound throughout the lifecycle of a 

legacy disposal site, leading to mismanagement, increased costs and may result in potential threats 

to human health and the environment. Second, poor integration between the Silos also may 

undermine attempts by different private and public stakeholders to operationalize SD (Phillips and 

Gholamalifard, 2016). These factors may result in the unintended consequence of land use 
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outcomes that are not consistent with SD and that may be contrary to the Alberta Government 

policy that encourages productive use of contaminated or marginal sites that are of high intrinsic 

value (ESRD, 2014a). 

 

Here, I consider two legacy disposal site case studies in Alberta, Canada that are in stark contrast 

to one another; one that is closely aligned with an SD framework and another one that is not. In 

the first case study, I illustrate how inter- and intra- relational issues identified above can be 

mitigated through application of SD principles, even though they may not represent a 

comprehensive, fully operationalized SD framework. The example emphasizes that in spite of a 

limited SD approach, improved ESA processes and improved data quality (Technical Silo), 

commensurate and balanced regulatory frameworks (Regulatory Silo), accurate and fully funded 

environmental labilities (Financial Silo) can be achieved so as to deliver an end-point of “highest 

and best land use”. 

 

Conversely, the second case study is meant to highlight how these same issues may emerge in 

different areas of the legacy disposal lifecycle to potentially produce very different, even 

contrarian, outcomes that may extend to increased management costs, delayed project objectives, 

inconsistent regulatory outcomes and increased risk to human health and the environment.  

 

To compare and contrast the circumstances, decisions and outcomes highlighted in these two case 

studies, I apply the “Three-Silo” approach as presented in Chapter 2. First, I provide background 

information for the site, followed by an evaluation of each of the Silos (Technical, Regulatory and 

Technical). Then I employed the Qualitative SD Risk-Analysis Tool that illustrates how decision-
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makers were successful, or unsuccessful, at integrating the three Silos under SD principles 

throughout the lifecycle of each site. 

 

3.2 Case Study One: Legacy Land Disposal Site in High River, Alberta  

3.2.1 Introduction 

Here, I assess the lifecycle of the High River Legacy Land Disposal Site located at Lots 2 & 3, 

Block B, Plan 8810654, and Block A, Plan 4337N in High River, Alberta (“the Site”). The Site 

exemplifies a traditional, unfocused approach to development in and around legacy disposal sites, 

one that employs three disparate Silos: “Technical, Regulatory and Financial” and that is without 

a comprehensive, operationalized SD framework (Lang et al., 2007). At critical times in the 

development process, this type of unfocused approach has tended to yield inconclusive technical 

data, introduced additional uncertainty into the regulatory process and contributed to inaccurate 

liability estimates while concurrently increasing management costs, uncertainty and risk to human 

health and the environment (Scharff et al., 2011). In this case study, I first provide background 

information about the Site after which I address each of the three Silos to identify various gaps 

that emerged. Next, I provide a conclusion that provides a Qualitative SD Risk-Analysis 

framework of the three Silos to visually illustrate the gaps and to highlight various misalignments 

between the various tools and frameworks over the lifecycle of the Site.  

 

The High River Site is germane to my research, for the following reasons:  
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1) The lands and surrounding property have been gradually absorbed, since the mid-1980s, into 

the High River residential communities of Sunshine Lake and subsequently The Hamptons in 

2007 (Cirrus, 2006);  

2) The site originated as a dumpsite or “nuisance ground”, beginning in the mid-1920s, when 

undifferentiated waste was placed on the ground-surface in shallow furrows (Cirrus, 2006);  

3) The legacy disposal site is unlined and was not constructed or operated according to 

engineering or operational controls that meet a specific standard;  

4) Prior to 2006, residential development encroached piecemeal to within 30m of the waste 

footprint, well within the 300m setback prior to receiving a variance to the setback. A setback 

variance, for non-operating landfills was subsequently approved by the provincial regulator, 

Alberta Environment and Parks (AEP), in 2008; 

5) The Site was inundated with flood waters during the 2013 Southern Alberta flooding, creating 

a direct hydraulic connection and potential contaminant pathway with nearby communities; 

6) The Site has no engineered clay or geo-synthetic liner. As a consequence, leachate has had an 

adverse effect on groundwater quality vertically beneath the waste footprint and laterally 

downgradient. Evidence of this is a chloride and metals impacted groundwater plume that has 

migrated, with the direction of groundwater flow, 150 m off-site to the northeast. The plume 

was shown not to contain any volatile constituents that may pose a threat to human health and 

the environment. The overall risk posed by the groundwater plume is considered to be low by 

stakeholders and the regulator;  

7) The full cost of remediation and ongoing risk management were never crystallized into the 

framework of a site-specific lability estimate based on AER Directive D001 Requirements for 
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Site-Specific Liability Assessments in Support of the ERCB's Liability Management Programs 

(Alberta, 2012b): or an equivalent tool recognized by the regulator; 

8) The Town, developers, regulators and other stakeholders were engaged on an ad hoc basis over 

a period that spanned approximately 12 years. This has led to miscommunication with the 

general public and Town officials, the development of poor risk communication strategies and 

delays in the setback variance application and subsequent approvals.  

 

3.2.2 Discussion 

Residential development on lands in and around the High River legacy disposal site exemplify 

how these types of sites can be re-purposed and re-imagined (USEPA, 2014) in alignment with 

highest and best use principles (Beckwith, 2010); however, the absence of a unifying sustainable 

development framework to manage and guide the overall process has, at times, tended to 

undermine the specific regulatory goal of bringing these lands back into productive use (ESRD, 

2014a). 

 

3.2.3 Background 

3.2.3.1 General 

The Town of High River (Town) has a population of 12,920 (2011) and is located 67.7 km south 

of the City of Calgary, at the junction of Alberta Highways 2 and 23 (Alberta, 1998). Development 

of the town was supported by the completion of the Calgary and Edmonton Railway in 1892. High 

River incorporated as a village on December 5, 1901, and was incorporated as a town on February 

12, 1906 (Alberta, 2016g). Notably, the Town is situated on the Highwood River, which is subject 

https://en.wikipedia.org/wiki/Calgary
https://en.wikipedia.org/wiki/Alberta_Highway_2
https://en.wikipedia.org/wiki/Alberta_Highway_23
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to frequent flooding. Flood events of exceptional magnitude have occurred in the past: 1894, 1899, 

1902, 1908, 1912, 1923, 1929, 1932, 1942, 1995, 2005 and 2013 (Alberta, 1998).  

 

3.2.3.2 Physiographic Setting  

Cirrus (2006) describes the physiographic setting in and around the Site as follows: “It (the Site) 

is underlain by poorly consolidated Paleocene sandstones, siltstones, and shales of the 600 to 900 

m thick Paskapoo Formation, and by more resistant and up to 4,000 m thick sandstones of the 

Porcupine Hills Formation in the southwestern Foothills area. Tertiary and Early Quaternary 

coarse gravelly alluvia, represented by resistant carbonate and quartzite rocks, are distributed on 

high plateaus and uplands, and occasionally preserved in bottoms of pre-glacial valleys. Most of 

the surficial cover constitutes Late Pleistocene (largely Late Wisconsinian) glacial, glaciofluvial, 

and glaciolacustrine deposits. Pleistocene climatic fluctuations had a major effect on modification 

of relief in the region (Chlachula, 1996). The drift sediments in the area are generally 15 to 30 m 

thick, but in some places as thick as 60 m (Ozoray and Lytviak, 1974)”. 

 

Correspondingly the hydrogeology of the Gleichen Area, which encompasses the Town of High 

River, reflects these physiographic characteristics as described by Ozoray and Lytviak (1974). 

Generally, the long-range regional flow in the southern Alberta Basin is towards the east, driven 

by past-tectonic compression in the Paleozoic aquifers feeding into the main basin-scale systems. 

The 20-year safe yields range from 5 l/min to more than 450 l/min. Cirrus (2006) also comments 

that “the best aquifers are Quaternary sands and gravels and Upper Cretaceous Belly River 

sandstones. Water quality varies considerably in the region. Total dissolved solids range from less 
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than 1,000 mg/L to more than 5,000 mg/L. The general chemical character of the water varies 

from Ca/HCO3 type to Na/SO4 type”.  

 

3.2.3.3 Site-specific Conditions  

Soil characteristics in the vicinity of the Landfill were obtained through a series of over 60 

boreholes advanced to a maximum investigation depth of 10.7 m in and around the Site. The 

shallow stratigraphy generally consists of up to 1 m of fill or topsoil underlain by clayey sediments. 

Sandy layers of apparently limited lateral extent were observed at some borehole locations. 

 

Bedrock was not encountered during the ESA intrusive investigations. However, based on the 

lithology described in water well drilling reports obtained from the Alberta Groundwater 

Information System for the area, bedrock is assumed to begin at some depth greater than 15 m.  

 

A comprehensive, semi-annual soil, soil gas and groundwater monitoring program has been 

conducted at the Site since 2004. During that time, key metrics for groundwater quality, 

groundwater flow direction and depth to groundwater have remained consistent (within 10%) - 

with the exception of flooding and high water events in 2005 and 2013 (Cirrus, 2014a). 

Groundwater below the site is typically encountered at depths that range from 0.13 m to 4.66 m 

below ground surface (mbgs). “The lateral hydraulic gradient (i) was estimated to be 

approximately 0.01 to the east, northeast. The range of the calculated hydraulic conductivity (K) 

for the shallow sediments that underlie the Site was 6.4 x 10-9 m/s to 8.5 x 10-6 m/s (geometric 

mean of 2.8 x 10-7 m/s). Using the aforementioned values in Darcy’s equation, average 

groundwater velocities ranging from 0.008 m/year to 11 m/year can be calculated (assuming a 
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porosity (n) of 0.25)” (Cirrus, 2006). This variability in the velocity of groundwater movement 

under the site provides additional evidence for the presence of a groundwater plume off-site, and 

is consistent with previous observations regarding regional hydrogeology. 

 

3.2.4 Discussion 

The area in and around the landfill is consistent with conditions found in southern Alberta along 

the eastern slopes of the Canadian Rocky Mountains Alberta, namely flat to rolling terrain 

underlain by the Paskapoo Formation including interbedded silts, sands and clays of low to 

moderate permeability (Cirrus, 2005). These conditions can retard the movement of groundwater 

and CoC -limiting their vertical and lateral migration out of the waste footprint (Milosevic et al., 

2012a); however, in certain cases they have also been shown to allow the preferential movement 

of CoC into shallow water bearing zones comprised of silts, fine sands and gravels (Ozoray and 

Lytviak, 1974). Adding to the uncertainty regarding the potential movement of CoC out of the 

Site, is the presence of shallow groundwater (<0.5m) in certain areas that is influenced by the 

Highwood River, to the north and the adjacent irrigation canal (Cirrus, 2006). Taken as a whole, 

conditions in and around the Site suggest that the effects of a leaky legacy disposal site on 

environmental quality could be minimal depending on the CoC; however, actual site conditions 

are difficult to predict, especially in light of the groundwater influence from the irrigation canal. 

Experience has shown that detailed ESAs will be needed to verify all site-specific conditions 

(Cirrus, 2005).  
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3.2.5 Site History 

The High River legacy disposal site (Site) is situated adjacent to an irrigation canal and covers 

approximately 56,000 m2. Native ground surface is at 1030 metres above sea level (masl), with the 

waste disposal area rising to between 1333 - 1338 masl. Between the years of 1929 and 1979, the 

Site received undifferentiated waste from industrial, commercial and residential sources which 

was placed in shallow furrows and windrows on or near ground surface. No records of an operation 

plan or construction details have been found (Cirrus, 2006). The provincial regulator (AEP) closed 

the Landfill during the mid-1980s and installed a clay cover of approximately 0.3 m in thickness. 

Records do not provide the exact volume or composition of the waste; however, in place estimates 

provided by Cirrus Environmental Services Inc. (Cirrus) indicate the total waste volume could 

range between 175,000m3 and 250,000 m3 (Cirrus, 2006). The Site originated as an unregulated 

“nuisance-ground” but was later categorized as a “landfill” by AEP and as such, became classified 

as an “inactive landfill” subject to a 300 m setback established in the Municipal Government Act, 

Subdivision and Development Regulation (Alberta, 2014). The exact timing of this transition is 

unknown (Cirrus, 2006). 

 

Residential development to the west and south of the Site commenced in the mid-1980s and 

eventually encroached to within 30 m (southwest) of the Site and 115 m (west). During this time, 

no approval for a setback variance was established. Lands to the north and south of the Site were 

being used for agricultural purposes.  

 

In the early 2000s a developer purchased the raw, undeveloped lands to the north, south and east 

of the Site. This precipitated the initiation of a multi-year ESA program that was intended to 
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establish baseline environmental quality and determine if the legacy land disposal site had 

negatively impacted soil, groundwater and soil gas.  

 

The preliminary ESAs determined the following:  

 

1) Landfill gas was being generated within the waste footprint but had not migrated laterally off-

site; and, 

2) A groundwater plume originating from the Site and impacted by selenium, phenols and 

chloride had migrated off-site (Cirrus, 2005). 

 

Subsequent Delineation ESAs determined that the plume extended down-gradient, approximately 

150 m east northeast of the Site boundary but did not contain any volatile CoCs that posed a threat 

to human health and the environment. Thus, the overall risk posed by the Site was rated as low 

(Cirrus, 2005).  

 

In 2008, Alberta Environment reviewed environmental quality data in and around the Landfill and 

approved a setback variance request submitted by the developer, overriding the 300-m standard 

setback distance and allowing additional residential development to encroach within 20 m of the 

Landfill. This is the distance now defined by government as the “buffer-zone” or “safe setback 

limit” (Cirrus, 2014a).  

 

In light of setback variance of 20 m and encroaching residential development, and to reduce the 

risk of off-site landfill gas migration, a passive landfill gas barrier system (Barrier) was constructed 



 

92 

by the Town on the north, east and south sides of the Site in 2011. During construction of the 

Barrier, it was noted that the cover material previously installed by AEP in the mid-1980s was in 

fact fill soil with minimal clay content that ranged in depth from 0.3 m to 1.6 m (Cirrus, 2014a) 

and which did not meet the current Standards for Landfills in Alberta (Alberta, 2010). Cirrus 

observed that this increased the risk of surface water infiltration into the Landfill and made it more 

prone to damage due to flooding (Cirrus, 2014a). 

 

3.2.6 Flooding in 2013  

On or around June 17, 2013 a stalled low pressure weather system over the eastern slopes of the 

Canadian Rocky Mountains, southwest of Calgary, discharged very substantial quantities of 

rainfall over these mountains and their foothills for more than three days. This precipitation fell on 

the dense snow pack and melted it, thereby adding to the significant volumes of rain/storm water 

entering into the headwaters of four major river basins: the Bow, Oldman, Red Deer and South 

Saskatchewan (Morris et al., 2014). By June 20, 2013 floodwaters began to rise quickly and 

delivered a massive flood pulse to the receiving watersheds downstream including the Highwood 

River that winds through the Town of High River.  

 

As a result, the Site was flooded mid-height to a depth of approximately 3 m to 4 m above ground 

surface or 1,033-1034 masl. The resulting 2013 flood event that encompassed most of southern 

Alberta raised concerns that groundwater levels inside the waste footprint might have risen such 

that historically dry waste had come in contact with water. In turn, this newly wetted waste could 

generate more harmful leachate and/or landfill gasses, thereby subjecting nearby residents and the 
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environmental receptors within the setback to an increased risk of exposure to these contaminants 

of concern (CoC).  

 

In order to determine if flooding had negatively impacted the Site, a landfill flood damage 

assessment was initiated by the Town and the Alberta Government. “The study objectives were 

accomplished by comparing pre-flood and post-flood conditions using a conceptual site model 

(CSM). The CSM was constructed using 10 years of historical environmental quality data collected 

in and around the Landfill, a 0.5M LiDAR DEM, as well as up-gradient, background soil and 

groundwater conditions. This was then supplemented with data from a comprehensive post-flood 

subsurface intrusive investigation within the waste footprint, monitoring of groundwater and soil 

gas quality and a ground survey to identify any changes in the surface of the Landfill” (Cirrus, 

2014a).  

 

The findings and conclusions in a Cirrus (2014a) report 2014 Landfill Flood Damage Assessment 

and Limited Environmental Site Assessment, Town of High River Non-operating Landfill Lots 2 

and 3, Block B Plan 8810654 and Block A Plan 4337N, confirmed that despite the inundation, no 

discernible short-term effects (<2 years) to soil, groundwater, or soil gas in and around the Landfill 

had resulted from the 2013 flood. The work also confirmed that the floodwaters had not come into 

direct contact with the waste footprint. The irrigation canal, nearby municipal infrastructure, native 

soils of low-permeability, in combination with the velocity and direction of floodwater entering 

low-lying areas to the north and east, shielded the Site from damage due to the flooding (Cirrus, 

2014a).  
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3.2.7 Discussion 

Residential growth has encroached on all sides of the Site. Adjacent lands that were once used for 

agricultural purposes, are now more economically valuable particularly in areas within the 300-m 

setback. This in turn has created a financial incentive to integrate the Site into nearby residential 

communities with associated pre-conditions for “Productive Use”; however, accomplishing this 

proposed integration under an SD framework is not straightforward. The Site has an uncertain and 

complex history that pre-dates the Environmental Protection and Enhancement Act (Alberta, 

2016e), the Standards for Landfills in Alberta (Alberta, 2010), the Contaminated Site Policy 

Framework (ESRD, 2014a) as well as the attendant frameworks for specific guidelines and 

standards. As a result, the site was not subjected to robust construction standards or operational 

controls. The exact details regarding the closure and cover program employed at the site in the 

mid-1980s set by AEP appear to be non-existent (Cirrus, 2006). In fact, very little is known about 

the lifecycle of the site, particularly prior to the 1970s. Before any serious discussion regarding 

further encroachment or SD could begin, a number of important questions needed to be answered: 

What type of wastes are in the legacy disposal site and in what volumes? Has the site leaked and 

negatively impacted environmental quality on adjacent lands? Did the 2013 flood have any short-

term effects on the site that resulted in a degradation of environmental quality? What are the 

potential long-term effects of the 2013 flood? What is a “safe” setback distance for human and 

ecological receptors? What is the total environmental liability of the Site over the remainder of its 

lifecycle? As presented below, the answers to these questions appear not to have been considered 

using long-term sustainability SD principles.  
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3.2.8 Technical 

As described above, there were specific technical questions related to environmental quality in and 

around the legacy disposal site that underpinned any proposed residential development or 

equivalent land use. A description of how these questions were addressed along with key findings 

and results are herein. This section is meant to provide a cursory review of specific technical issues 

in the context that illustrate the potential to achieve an overall SD framework for legacy disposal 

sites; it is not intended to provide an in-depth analysis of the site. 

 

The Site, as with most landfills and legacy disposal sites, will continue to act as an active source 

for CoC, with the potential to adversely affect its surroundings over time through the physical 

processes of sorption, desorption, groundwater flow, gas diffusion, and other transport 

mechanisms (Milosevic et al., 2012a). This is an example of how soil, groundwater and soil gas 

quality outside the waste footprint may be profoundly influenced by certain components inside the 

waste footprint, especially given that there is a direct and downgradient hydraulic connection with 

an adjacent irrigation canal (Cirrus, 2005). To understand this relationship and the potential effects 

on human and ecological receptors, a conceptual site model (CSM) of the Site was developed. A 

CSM “is a written or pictorial representation of an environmental system and the biological, 

physical, and chemical processes that determine the transport of contaminants from sources 

through environmental media to environmental receptors within the system” (ASTM, 2014). In 

this instance, it was used to integrate all current and future soil, groundwater and soil gas data so 

that the effects of legacy disposal site on environmental quality outside the waste footprint could 

be established and monitored over time. It was also used to evaluate the effects of flooding on the 

landfill in 2013. 
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“Technical” is employed here as an all-encompassing concept, being defined broadly as part of 

environmental site assessment (ESA), so as to describe the predominant tools, methods, standards 

and frameworks that establish environmental quality in and around a legacy disposal site. Here, I 

demonstrate that these same tools and frameworks used to address complexity and reduce 

uncertainty around the risk posed to human health and the environment at the Site were effective. 

Nonetheless, gaps in the overall process and poor integration between “Silos” contributed to an 

ongoing misunderstanding of the risks and the overall environmental liability ultimately to be 

borne by the Town and the Alberta Government.  

 

There were several key issues, typically associated with both landfills and legacy disposal sites as 

described earlier that needed to be answered at the High River Site before any consideration could 

be given to the protection of nearby residential developments, including leachate and its potential 

impact on groundwater quality and the generation of landfill gas with its potential impact on indoor 

air quality.  

 

Specific questions that were subsequently addressed in the ESA programs can be summarized as 

follows: 

 

1) Were there any hazardous and toxic CoC contained in the legacy disposal site? If yes, have 

they come into contact with groundwater and moved off-site? 

2) Is landfill gas being generated? If yes, does it contain hazardous and toxic components and has 

it moved off-site?  
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3) Is the 300m setback suitable - especially given that a residential development had encroached 

to within 30m of the Site, without an approved landfill variance setback? 

4) Does the legacy disposal site represent a threat to human health and the environment, now or 

in the future? 

5) Was the Site in an area that was prone to flooding - given that municipal storm water 

infrastructure had been changed in the nearby community of Sunshine Meadows located 

immediately to the south within 30m? If yes, what effects could flooding have on the landfill 

and what would the resulting impact be on human health and the environment?  

 

Most, if not all, of these questions arose due to the uncertainty and complexity (van Liedekerke, 

1995) stemming from the Site’s history, waste type, and the synergistic potential between different 

waste types, degradation of waste and the production of intermediaries, site-specific hydrogeology, 

surface hydrology, physiographic setting and the potential interaction of site-specific physical 

characteristics with the waste (ASTM, 2014). Additional characteristics included seasonal 

groundwater fluctuations associated with extraordinary climatic events with the potential to give 

rise to flooding, slope failure and settlement (Colorado, 2013).  

  

Landfill studies on unconsolidated sand and gravel aquifers have established that zones of leachate 

contaminated groundwater may extend many hundreds of metres (MacFarlane et al., 1982). Under 

certain hydrogeological conditions, contaminated leachate groundwater plumes can negatively 

impact domestic use aquifers used for groundwater supply, whereas in other situations such 

contaminated zones may not pose a significant hazard to useable water resources or to the 

ecological system in the area (Yenigül et al., 2011). What is not as well-known is the fate and 



 

98 

transport of leachate impacted groundwater plumes through fine-grained clay soils (Thomsen et 

al., 2012) 

 

3.2.9 Discussion 

After completing the environmental assessment (ESA) work, the results were integrated into a 

CSM that also included pre- and post-flood environmental quality data. The conclusions were: 

 

1) There were no volatile hazardous and toxic chemicals of concern (CoC) in soil or groundwater. 

However, it was shown that a groundwater plume impacted by selenium, phenols, and chloride 

had migrated off-site, approximately 150 m to the east and northeast. Groundwater depth, 

velocity and flow direction has remained stable since monitoring began in 2004;  

2) The landfill is actively generating landfill gas which is composed primarily of methane It does 

not contain any hazardous or toxic components. Soil gas monitoring confirms that landfill gas 

generated within the waste footprint is not moving laterally off-site; 

3) The area in and around the Site is in a naturally low-lying area that is subject to flooding; 

4) The CoC contained in groundwater, and the methane gas confined in the waste footprint pose 

a low risk to human health and the environment as there are no complete exposure pathways 

to potential receptors; and 

5) The 2013 flood temporarily raised groundwater levels; however, flood water did not infiltrate 

the waste footprint. All key environmental quality metrics returned to baseline conditions 

within one year. 
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In summary, a comprehensive ESA program that spanned twelve years, which included semi-

annual environmental monitoring supported by a robust CSM, did not identify any negative, 

material impacts to environmental quality in and around the landfill as a result of the legacy 

disposal site or, remarkably, as a direct consequence of the 2013 flood. 

 

3.2.10 Regulatory 

As presented in Chapter 2, the Technical and Regulatory Silos are necessarily interrelated, even if 

practical applications may not include them. The Technical Silo provides the foundation upon 

which the resultant regulatory framework is placed; one cannot exist without the other. Data and 

information collected through the ESA process is used to answer specific questions and ultimately 

determine regulatory compliance at a particular legacy disposal site. These can include the 

following issues: Do representative soil, water, sediment and air samples meet the criteria 

established in the guidelines? Are specific exposure pathways considered “complete” for a 

particular receptor and a contaminant source? What will future land use be for a particular site that 

must be remediated and will it comply with applicable zoning by-laws?  

 

In the case of the High River legacy disposal site, the interrelationships of the Technical and 

Regulatory Silos were particularly important given the flood risk and existing residences; however, 

several key regulatory issues emerged relative to prescribed 300 m setback as discussed below. 

 

1) Lack of regulatory clarity regarding landfills versus legacy disposal sites.  

The term “landfill” is defined in the waste control regulations under EPEA; however, it does 

not provide specific wording [my emphasis] to address legacy disposal sites. Specifically, the 
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terminology does not provide guidance as to whether it applies in all cases where waste is 

buried or placed near the ground-surface, particularly for old historic waste disposal sites 

where there is no record (LWG, 2015). This can raise questions about smaller “inert” private 

disposal sites that may, or may not, fit the definition of landfills. This is a material issue if 

applying the definition prevents construction of planned subdivisions. 

 

2) Issues associated with application for variance consent given that existing residential 

subdivisions have already encroached to within 30 m.  

The “setback provisions of the Subdivision and Development Regulation (SDR) are 

straightforward for new developments, however, there is no clarity as to how such setbacks 

may apply to infills, or affect existing development or developments that have been established 

without a variance being granted” (LWG, 2015), as in the case of the High River legacy 

disposal site. 

 

An application to vary a setback must originate from the Subdivision or Development 

Authority (SDA), comply with six specific criteria (Alberta, 2012a) and be supported by a 

number of detailed technical reports prepared by professionals registered with Association of 

Professional Engineers and Geoscientists of Alberta (APEGA). “Depending on the nature of 

the proposal (complexity, location, potential impact on the community) this can be an arduous 

task. The onus is on the applicant to provide enough information for the approving authority 

and referral agencies to determine whether the proposal is suitable for subdivision or 

development or not. Information that is often required includes geotechnical, soils and 

hydrogeological analysis, environmental site assessment, historical resources impact 
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assessment; and traffic impact assessment and information related to the presence of waste 

management or oil and gas facilities” (LWG, 2015). 

 

3) In lieu of a setback variance approved by the jurisdiction with authority, what guidelines 

specifically apply?  

The Site falls under the Contaminated Sites Policy Framework (ESRD, 2014a) which provides 

the framework for the Alberta Tier 1 Soil and Groundwater Remediation Guidelines (Alberta, 

2016c) and the Alberta Tier 2 Soil and Groundwater Remediation Guidelines (Alberta, 2016d). 

It also forms the basis for the Alberta Exposure Control Guide (Alberta, 2016b) and the 

Environmental Site Assessment Standard (Alberta, 2016a). Correspondingly, these documents, 

along with their predecessors, have been used to guide and develop the environmental site 

assessment ESA process that began in 2004/2005, near the time that existing agricultural land 

was purchased by the developer for the purpose of residential development. “The EPEA 

requirements for equivalent land capability and prevention of adverse effects consider past, 

present and future environmental management decisions as they affect land use. Equivalent 

land capability seeks to conserve future land viability through remediation and reclamation 

certification. Potential adverse effect (from contaminant releases) requires the protective 

action to prevent future potential harm. This seeks to preserve, recover and protect options for 

future land use and function. Consequently, Alberta’s regulatory framework requires that risk 

management decisions on contaminated sites consider not only the current, but future land and 

water use” (Alberta, 2016b). This condition is also supported by the principle of sustainable 

development in EPEA which ensures that the use of resources and the environment today does 

not impair prospects for use by future generations (Alberta, 2016e). The means that measures 
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to “operationalize” SD in keeping with EPEA, through the use of engineered and 

administrative controls particularly at the High River Site, are not immediately apparent. 

 

4) Suitability of 300 m setback.  

A comprehensive ESA program completed under the Technical Silo demonstrated that the risk 

posed to human and ecological receptors in and around the Site was low. Given this fact, the 

suitability of a 300-m setback can be questioned not only in this instance but perhaps in other 

cases across the province. Accordingly, the Alberta Government has recently formed a 

working group to address this question (LWG, 2015). The Landfill Development Setback 

Review Working Group provided the following guidance with regards to the suitability of the 

300-m setback: “for old legacy sites, it may be difficult to delineate where the waste was buried 

due to lack of records or local knowledge. In these cases, it may be necessary to undertake a 

field investigation in order to determine the extent of the waste disposal boundary. Use of the 

property line as a conservative means to determine the setback, could potentially restrict 

development on more land than necessary. It is also important to obtain as much information 

as possible to delineate the extent of the waste disposal area in order to accurately determine 

the setback requirements” (LWG, 2015). The LWG also commented that further assessments 

are needed to determine if current setbacks provide the protective function for which they were 

originally intended. If they are not effective, or the rules prove to be overly conservative, a 

question arises as to what would be a more appropriate distance? It is accepted that there are 

numerous variables and site specific conditions that would influence risk from a landfill, 

however, a detailed review could provide further insights into their efficacy and relevance 

(LWG, 2015). 
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3.2.11 Discussion 

Several critical regulatory issues, related to the 300-m standard setback, tended to undermine the 

effectiveness of achieving SD principles at the High River Site. These include the vagaries around 

the specific definition of legacy disposal sites, the process of variance consent for sites that may, 

or may not, fit the strict definition of “landfills” especially in cases whereby development has 

already encroached inside the setback, and the overall performance and suitability of the 300-m 

standard for non-operating landfills. Remedies for the Alberta Government include several 

proposed initiatives: provision of guidelines on setback variances to provide some direction on 

classifying landfills versus legacy disposal sites (Alberta, 2014); collection of the necessary 

technical data to undertake a province wide, public review of how the 300-m setback is performing; 

and streamlining or eliminating variance setback processes that require site-specific setbacks be 

established for each site on a case by case basis. 

 

3.2.12 Financial 

Accurate determination of the long-term financial liability associated with legacy disposal sites is 

problematic, particularly for those cases that have resulted in degraded environmental quality. 

Sites that have complex physiographic settings and hydrogeology, acting in combination with 

uncertainties about waste type and landfill construction, can make the task of assessment even 

more difficult, especially for small and medium-sized municipalities with limited resources and 

that lack in-house expertise for assessments. This is exactly the situation faced by the Town of 

High River as development encroached on the Site especially when it became clear that a setback 

variance would be required to facilitate future residential expansion on adjacent lands. Moreover, 
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the potential impacts of landfill leachate and landfill gas on existing communities within the 300-

m setback were also a consideration that represented a material liability for governments in the 

event that off-site residences could be adversely effected.  

 

KPMG comments in guidance provided for users of Liability for Contaminated Sites (section PS 

3260) that “a government’s total liability may not necessarily become determinable at a specific 

point in time. The amount of the liability may become determinable over a continuum of events 

and activities as information becomes available” (KPMG, 2013). The Public Sector Accounting 

Board (PSAB) also comments that it costs may be applied based on experience with other similar 

sites (PSAB, 2009). Unfortunately, there are many cases where no precedence has been established 

for legacy disposal site for remedial costs, especially in smaller municipalities such as High River.  

 

The Public Sector Accounting Board’s (PSAB) accounting standard on Liability for Contaminated 

Sites (section PS 3260) (KPMG, 2013) is intended to address these types of situations and ensure 

that all contaminated site liabilities are recognized and adequately funded (PSAB, 2009). It is 

important to differentiate at this point between the contaminated sites standard (SP3260) and PS 

3270 that deals specifically with the accounting for long-term liabilities associated with the closure 

and post-closure care periods of municipal solid waste landfills after they stop accepting waste 

(KPMG, 2013). Significantly, in cases where the legacy disposal sites have adversely impacted 

adjacent lands they may be classified as contaminated sites. 
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3.2.13 Discussion 

The Site may continue to represent a liability for Town of High River Site, depending on the long-

term transport and fate of CoC in the waste footprint and the potential migration of the off-site 

contaminant plume. In a document entitled “Contaminated Sites, Issues and Implementation 

Action Plan for PS PS3260” the authors cite “a lack of information” as being the prime driver 

“which restricts many governments from fully determining the impact (of contaminated sites) on 

their financial reporting, and from reporting back on how effectively funds are being spent on 

remediation” (KPMG, 2013).  

 

Significantly, the Town reported in its January 1, 2015 financial statements that “the Town adopted 

PS3260 liability for contaminated sites. The standard was applied on a retroactive basis and did 

not result in any adjustments to the financial liabilities, tangible capital assets or accumulated 

surplus of the town” (The Town of High River, 2015)  

 

3.3 Case Study Two: Unregulated Legacy Disposal Site in Calgary, Alberta 

3.3.1 Introduction 

This case study provides a cradle-to-grave lifecycle assessment of an unregulated legacy disposal 

site formerly located at 144th Ave and Shaganappi Trail NW, Calgary Alberta; or, a portion of 

SW01-026-02W5 (the Site). I contend, by providing detailed analyses and supporting research, 

that the Site is a model of what can be achieved through the proper application of SD principles, 

including highest and best use, intergenerational considerations, greenhouse gas emission/energy 

use, and landfill diversion strategies when integrating legacy disposal sites into urban 

communities. Even though it stops short of achieving a fully “operationalized” SD, the Site stands 
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in stark contrast to the previous case study, Case Study 1: High River Legacy Land Disposal Site, 

which highlighted gaps that can occur by employing a traditional and unfocused approach to 

managing development in and around these types of sites.  

 

The Calgary Site is salient to my research for the reasons provided below: 

 

1) From the outset, all stakeholders including the developer, regulators, third party technical 

resources, remediation contractors and internal resources at the City of Calgary, were 

committed to adopting an overarching SD framework for the entire development process, one 

that was based on the traditional underlying SD principles of “Economics, Ecology and Social 

Accountability.”  

2) The Site is located on private property and has been owned by a developer since the mid-2000s 

and is part of an Area Structure Plan (ASP) developed for residential and commercial 

development that encompasses 1,100 hectares of land in the City of Calgary  

3) Lands in and around the unregulated disposal site, as described in Case Study 1, were originally 

used for agricultural purposes; however, since the mid-1980s, residential and commercial 

development and municipal infrastructure had steadily encroached towards the lands, but do 

not approach within 300 m. 

4) The Site has intrinsic value as a recharge area for the Nose Creek Watershed. Its economic 

value has also increased as a result of urban growth and appreciating land values. 

5) The waste was located in a ravine that varies between 25 m and 35 m in depth and contains a 

perennial drainage channel, standing water bodies and other ephemeral surface water bodies. 

Around 1982, 11,000 m3 of mixed construction waste and municipal solid waste was deposited 
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directly onto the walls and bottom of the ravine in 2 distinct lobes that constituted an “east 

lobe” and a smaller “west lobe”. The original “polluter” responsible for generating and 

depositing the waste has not been identified. 

6) The Site is unlined and was not constructed, or operated, according to engineering or 

operational controls that meet a specific standard. As such, it cannot be considered to have 

been a designated, approved waste management facility. Findings (Cirrus, 2015b) indicate that 

the waste probably originated from off-site sources, possibly resulting from the demolition of 

a three or four story concrete commercial building and subsequently placed into the ravine.  

7) The Site is located within the Nose Creek Watershed, hydraulically up-gradient from receiving 

surface bodies of water, including Nose Creek proper which is an environmentally sensitive 

area. There were concerns that the waste had negatively affected soil, sediment and water 

quality in and around the waste footprint. This was further complicated by the fact that waste 

had co-mingled with soil, sediment, and surface water. Over time, the Class IV semi-permanent 

pond at the bottom of the ravine had developed a thriving riparian zone supporting both plant 

and animal life. Ultimately it was determined, through a comprehensive, iterative program of 

environmental assessment (ESA) that:  

a) the waste was inert and devoid of hazardous and toxic constituents and; 

b) that removing the waste could negatively impact the ecological receptors living in and 

around the waste lobes as well as those immediately downstream. 

8) Future socio-economic considerations represented a key element to future land use to be 

accommodated within the ASP. They included highest and best land use and valuations 

(Beckwith, 2010), new neighborhoods, job creation, tax base enhancement, economic renewal 

(De Sousa, 2006), and restoration of natural lands. 
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9) The full cost of remediation and ongoing risk management was crystallized into a site-specific 

liability estimate based on the AER Directive D001 Requirements for Site-Specific Liability 

Assessments in Support of the ERCB’s Liability Management Programs (Alberta, 2012b). 

These costs underpinned all subsequent risk management options and strategies 

 

3.3.2 Discussion  

As with the previous case study, the Calgary Site provided stakeholders with similar issues 

regarding uncertainty, including the potentially hazardous and toxic nature of the waste; and, 

complexity with regard to the disturbed riparian zone and the up-gradient spring that fed into the 

ravine. While a comprehensive ESA program determined that there was no risk posed by the waste 

to human receptors, it did determine that the location of the Calgary Site was within an 

environmentally sensitive watershed that could prove problematic for remedial strategies that 

could disturb the waste and inadvertently produce an adverse downstream effect on ecological 

receptors in and around the waste footprint.  

 

3.3.3 Background 

3.3.3.1 General 

Calgary, Alberta is approximately 1,045 m above sea level (masl) and covers a land area of 825.29 

km2 (Calgary, 2014) . It is situated at the confluence of the Bow River and the Elbow River within 

the Parkland Natural Region and the Grasslands Natural Region, which is in the transition zone 

between the Canadian Rocky Mountains and the Canadian Prairies, lying approximately 80 km 

from the eastern slopes of the Canadian Rockies (Alberta, 2006). In the 2011 census, the City of 

Calgary had a population of 1,096,833 and a metropolitan population of 1,214,839, making it the 
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largest city in Alberta, the third-largest municipality, and the fifth-largest census metropolitan area 

(CMA) in Canada (Canada, 2012). 

 

3.3.3.2 Physiographic Setting 

 The properties surrounding the Site have been used for agricultural and pasture land since the 

early 1950s. Cirrus (2015a) also provides the following description of the physiographic setting: 

“The area is composed of gently sloping agricultural lands that are separated by a large (750m 

wide) meltwater channel that hosts Nose Creek. Agricultural land is gently sloped to the Northeast 

(4%) and is drained by several small gullies with steep sides caused by erosion and cut by 

concentrated but intermittent flow of water, usually during and immediately following heavy rains 

or after ice or snow melt. The agricultural land also has several depression areas that are 

seasonally inundated depending on precipitation. The meltwater channel hosts a meandering 

section of Nose Creek as well as an oxbow lake and two inundated depressions. The sidewalls of 

the meltwater channel are marked by gullies and bedrock exposures”.  

 

A review of historical aerial photographs confirm that the vegetative cover is mostly agricultural 

crops on flat lands with indigenous vegetation in meltwater channels. Tree cover is sparse except 

for localized landscaping around homesteads and acreages. Trees are also found along the 

meltwater channel sidewalls within low areas. Access to the Site is either via the Symons Valley 

road located within the meltwater channel, or by 144th Ave NW located on the southern border of 

the Subject Property or Range Roads. The entire area is bounded to the north by Rocky View 

County, to the west by 69th Street NW, to the south by 144th Avenue NW, and the east by 14th 
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Street NW. Residential communities including “Nolan Hill”, “Sage Hill”, and “Evanston” are 

located south and southeast of the site (Cirrus, 2015a).  

 

3.3.3.3 Site-specific Conditions 

The Site forms a contiguous part of lands included in an approved City of Calgary, Area Structure 

Plan (ASP). The ASP is situated in the northwest quarter of the city and encompasses 1,012 

hectares of predominantly agricultural land that has been designated for future residential and 

commercial land use (Cirrus, 2015a). Pre-development assessment activities conducted by Cirrus 

in 2014 identified approximately 11,000m3 (±10%) of construction waste and municipal solid 

waste that had been deposited after 1982, onto the sides and bottom of a ravine containing a 

perennial drainage channel, Class IV semi-permanent surface water-bodies, and downgradient 

ephemeral water bodies. The debris was primarily composed of clean-soil (55%) co-mingled with 

concrete and metal reinforcing bar (45%) and municipal solid waste (<1%) (Cirrus, 2015b).  

 

3.3.4 Discussion 

The Site presented a number of issues related to the placement and location of the waste, rather 

than its composition and potential for hazardous and toxic constituents. Specifically, the waste 

lobes were isolated on slopes that exceeded a 45% grade in some locations. Additionally, much of 

the debris was located within the saturated zone at the bottom of the ravine. This resulted in steep, 

unstable slopes veneered with water saturated soils that were overlain by loose, heavy and 

unconsolidated construction materials and other wastes. In certain areas within the East Lobe, 

concrete, reinforcing bar, sheet metal and wire were observed in several distinct “strata” over 5m 

in thickness. This severely limited the tools and approaches that could be employed to ascertain 
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baseline environmental quality. As for the Case Study 1: High River Legacy Land Disposal Site, 

uncertainties and complexities associated with the waste and its interaction with its immediate 

physiographic setting were unique to the Site. These issues generated the following key, site-

specific questions that needed to be addressed before a fully operationalized SD plan could be 

considered: 

 

1) Were the wastes inert as preliminary surface testing indicated, or were hazardous and toxic 

materials buried within discrete areas?  

2) Had the waste impacted surface soils and water quality? 

3) Was organic material present in the waste and was it undergoing methanogenesis? 

4) What were the applicable remediation endpoints for the Site?  

5) How would future regulatory and land use considerations align with zoning bylaws? 

6) What options were available for recycling and re-use of construction materials on-site as 

subsoil? 

7) Could a cost-effective, land-fill diversion strategy be developed and executed? 

 

3.3.5 Technical 

As described above, there were specific technical questions related to environmental quality in and 

around the legacy disposal site that underpinned all proposed future development. A description 

of how these questions were addressed along with key findings and results are discussed below; 

however, this section provides a cursory overview of specific technical issues that are assessed 

within the context of an overall SD framework appropriate for legacy disposal sites. It is not 



 

112 

intended to provide an in-depth analysis of the specific tools, standards and frameworks employed 

in the field or laboratory. 

 

The Site, as with all landfills and legacy disposal sites, acted as an active source for CoC dispersing 

them laterally and vertically into soil, groundwater and soil gas through a concentration gradient 

that had its highest elevation within the waste footprint (Milosevic et al., 2012a). As a result of 

these long-term factors, soil, groundwater and soil gas quality outside the waste footprint was 

directly related to that found inside the waste footprint, especially given that there is a direct and 

downgradient hydraulic connection with surface waters and potential other ecological receptors.  

 

Cirrus Environmental Services Inc. (Cirrus) and Stantec Consulting (Stantec), were engaged in 

2013 and 2014 to assess and monitor the interrelationship between the waste and the surrounding 

lands (Cirrus, 2015b). The study objectives were to 1) characterize the waste; 2) establish baseline 

environmental conditions; 3) determine if there had been any adverse effects to the environment 

as a result of the waste; and 4) develop proposed solutions for re-imagining and integrating it into 

the proposed future development in ways that considered the Technical, Regulatory and Financial 

Silos. In order to address the first three objectives Cirrus and Stantec undertook a program of 

iterative environmental site assessments that included assessments of the waste, surface soil, 

surface water and sediment, both up-gradient and downgradient from the waste footprint. 

However, due to unstable and changeable sites conditions, that included snow-melt and steep 

slopes the original work plan was modified on an as-needed basis (Cirrus, 2015b). Ultimately a 

modified scope of work was completed in and around the waste footprint by employing a series of 

intrusive and non-intrusive ESAs that included: LiDAR imaging, manual ground-surveying 
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techniques, hand-sampling, test-pitting with heavy equipment, and directional environmental 

drilling that employed direct-push continuous undisturbed sampling techniques.  

 

Based on the results of the ESA programs, Cirrus and Stantec reached the following conclusions: 

 

 The cumulative volume of both the East and West Lobes, and the waste at the bottom of the 

ravine was approximately 11,000 m3 It was composed of clean-soil (55%) co-mingled with 

concrete and metal reinforcing bar (45%) and municipal solid waste (<1%) (Cirrus, 2015b); 

 There were no “hot spots” in the waste that contained hazardous and toxic waste materials; 

and, 

 The waste was not having an adverse effect on environmental quality in and around the waste 

footprint, or in waters downgradient from the Site.  

 

3.3.6 Discussion 

Fortunately, the waste did not contain any “hot spots” which could cause adverse effects. Apart 

from being unstable, unsafe and visually unappealing, the different waste streams were comprised 

of inert components. The primary issues identified were: safe removal of the waste with minimal 

negative impacts to the semi-permanent water bodies; and, ensuring that sediment and soil were 

not inadvertently mobilized to negatively affect surface waters downgradient particularly during 

spring snow-melt and run-off conditions. To address these issues, Cirrus in consultation with all 

stakeholders, developed a preliminary remediation plan that included an erosion and sediment 

control plan, re-cycling and re-use plan, future zoning considerations, future human and ecological 
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receptors, future residential development requirements, and a site-specific liability assessment that 

included short-term (1-2 years), medium-term (2-10 years) and long-term (11+ years) costs. 

 

3.3.7 Digital Elevation Model (DEM) and Triangular Irregular Network (TIN) Model 

Establishing baseline or naturally occurring environmental conditions can be difficult, especially 

where the ground surface has been profoundly altered over time by human activity (Lan and 

Martin, 2009). This was the case for the ravine where the waste was deposited and subsequently 

regraded multiple times. Efforts to verify original conditions at the Site prior to the mid-1980s 

were accomplished by creating a model or virtual re-construction of the ravine.  

 

While a Conceptual Site Model (CSM), as was employed in Case Study 1: High River Legacy 

Land Disposal Site to assess and monitor changes in environmental quality over time was 

successfully applied, considering a number of complex and interrelated media types proved the 

model to be overly cumbersome and unsuited for this case study. Instead, Cirrus determined that 

a digital elevation model (DEM) and a corresponding triangular irregular network (TIN) were 

more applicable to aid in the re-imagining and restoration of the ravine. Original site conditions 

were developed by digitizing aerial photographs from 1950 to 1982 (pre-waste) and applying the 

Surfer 2D & 3D mapping, modeling, and analysis software (Surfer) to create a DEM. A model of 

conditions (post-waste) was also developed in Surfer using 0.5m LiDAR data and supplementary 

ground surveys. The sloping walls of the ravine were well suited for analysis using vector data 

models that used points, lines and polygons to represent spatial features or objects with a clear 

spatial location and boundary (Chang, 2014). These angular shapes were then compiled into 

triangular irregular networks (TIN). While they could not be used together for analysis, the DEMs 
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could be easily converted into TINs and the TINs into DEMs, allowing for improved interpretation 

of the digitized data from low resolution aerial photographs. 

 

Both model types have their advantages and weaknesses and were used in parallel to aid in visual 

reconstructions of the site. TINs are typically preferred for hydraulic modelling where break-lines 

form natural TIN edges (Lan and Martin, 2009). Furthermore, TINs tend to more accurately reflect 

the true shape of the terrain which supported a better understanding of pre-existing drainage 

patterns in the Nose Creek watershed. It was discovered that DEMs caused interpolation 

procedures that reduced accuracy slightly and generalized the shape of the terrain (Thompson and 

Maune, 2001) that compromised the accuracy of small but important features, such as the up-

gradient sandstone rock outcropping and associated spring line (Cirrus, 2015a).  

 

Terrain mapping, using DEMs and TINs, was critical to understanding historic drainage patterns 

and preventing erosion and slope failure in future. When considering the hydraulic models that 

would form part of a construction specification and lead to the physical reconstruction of the 

ravine, Cirrus also considered the least-cost path analysis, the route that water will “preferentially” 

flow across the terrain. Least-cost path analysis is iterative, raster-based and works with virtual 

paths, so it was an important tool for considering changes to drainage and run-off inflows resulting 

from nearby residential development. It also accounts for “friction” or the drag or frictional cost 

for moving from place to place. As Chang (2014) noted, allowances for calculated impedance can 

be included in a GIS but they are subjective, simplifications of reality. Model results may vary 

significantly from field observations. 
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Further, it was discovered during the ESA program that the “LiDAR pulses were being absorbed 

by water, and water returns at the riparian zone along the surface water bodies in the bottom of 

the ravine were unreliable a phenomenon observed elsewhere” (Thompson and Maune, 2001). 

Hence, other techniques such as ground surveys or digital ortho-photos were used to supplement 

the poor-quality LiDAR data originating from these areas. Cirrus (2015b) also observed that the 

LiDAR employed was ill-suited for break-line generation, those critical features used for 

identifying water flow paths. “If LiDAR pulses have a nominal point spacing of 5 or 10 metres, for 

example, it is difficult to determine the location of break-lines at the tops and bottoms of stream 

banks that fall somewhere between elevations points, especially when the stream data itself are so 

unreliable” (Thompson and Maune, 2001).  

 

This weakness is also noted by Tate et al. (2002) who observe that DEMs are commonly used in 

hydrologic analyses to represent flow paths of water over the ground surface; however, the use of 

coarse DEM surfaces is generally not suitable for high-resolution terrain representation required 

for hydraulic analysis of drainage channels, similar to the channels encountered at the Site. DEMs 

vary in spatial resolution, and may therefore define stream channels poorly in areas of complex 

relief. For hydraulic modeling of the ravine and the immediate receiving surface waters, Cirrus 

determined that the triangular network (TIN) model produced a better grid based DEM (Tate et 

al., 2002) a method that more closely aligned with the model constructed from low-resolution 

aerial photographs preceding approximately 1982 (Cirrus, 2015b). 

 

In light of these limitations, the models were supplemented by multiple ground-surveys, using 

Real Time Kinematic (RTK) GPS equipment. This was conducted to validate the LiDAR data and 
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supplement poor data resolution observed at the riparian zone and the break-lines associated with 

other water-based features as described earlier. This resulted in multiple sets of data, representing 

thousands of data points providing additional confidence about the model results. In turn, the 

models were peer-reviewed by an external third-party, and all stakeholders were again consulted 

prior to preparing the final DEM. The result was a final proposed restoration DEM that reflected 

historical landforms and also incorporated drainage design features that recognize future 

development requirements under a SD framework.  

 

3.3.8 Discussion 

Technical issues at the unregulated legacy waste site related to ecological receptors but not to 

human receptors. That fact changed the overall risk posed by the waste; however, it did not 

diminish the difficulties associated with data collection and interpretation. Hazardous conditions 

and inaccessible areas in and around the waste footprint necessitated the use of modified 

techniques and tools. Ultimately innovative data collection solutions such as remote sensing 

(LiDAR) and directional environmental drilling (Direct-Push) succeeded in obtaining data of 

sufficient quality and quantity needed to support the creation of 2-Dimensional and 3-Dimensional 

DEMs and TINs. These were then used in turn to establish pre-1982 and post-1982 conditions at 

the Site and create a DEM that was used as part of a final restoration plan. 

 

3.3.9 Regulatory  

Unlike the protracted and recalcitrant regulatory issues associated with the 300-m setback and the 

off-site impacted groundwater plume discussed in Case Study 1: Legacy Land Disposal Site in 

High River, Alberta, there were no specific regulatory issues relative to the Site in Case Study 2. 
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The waste footprint was not designated as a “landfill” associated with a 300-m setback 

requirement. Confirmatory sampling and testing completed as part of a comprehensive ESA 

program in and around the ravine confirmed that the material was inert without adverse effects. 

This resulted in a systematic application of the Contaminated Sites Policy Framework (ESRD, 

2014a) including concomitant frameworks set out in Alberta Tier 1 Soil and Groundwater 

Remediation Guidelines (Alberta, 2016c), Alberta Tier 2 Soil and Groundwater Remediation 

Guidelines (Alberta, 2016d) the Alberta Exposure Control Guidelines and the Environmental Site 

Assessment Standard (Alberta, 2016a).  

 

Based on the proposed ASP the developer, in conjunction with all other stakeholders, determined 

that the remediation end-points must conform to soil, groundwater, and criteria that were protective 

of all human health exposure pathways as consistent with R1 and R2 City of Calgary zoning by-

laws (Calgary, 2007). As a result of this determination Cirrus (Cirrus, 2015b) developed the 

applicable guidelines for the Site. These were: Tier 1, Soil and Groundwater Remediation 

Guidelines for Fine-grained Soils under Residential and Parkland Use (Alberta, 2016c); and the 

ESRD Environmental Quality Guidelines for Alberta Surface Waters (ESRD, 2014b) collectively 

referred to herein after as the “Applicable Guidelines”.  

 

Once the remediation plan was executed, a comprehensive ESA program was undertaken by Cirrus 

in and around the former waste footprint to verify that all environmental media complied with the 

Applicable Guidelines. Sampling and testing of surface soil, subsoil, surface water and sediment 

verified that compliance with the applicable guidelines had been achieved. The liability had been 

settled; no further undertakings were required by the Government of Alberta or the City of Calgary.  
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3.3.10 Financial  

Under EPEA, it is the responsibility of the polluter to pay for their actions (Alberta, 2016e); 

however, the studied, unregulated legacy disposal site was located on private lands, and the 

original polluters, those entities who generated the waste in the mid-1980s, could not be located. 

Consequently, under current rules, the developer who was also the current land owner, became the 

de facto “polluter” (entity responsible) and had to assume legal responsibility for the entire 

environmental liability associated with the waste. This created a strong financial incentive for the 

developer to settle the environmental liability such that development in and around the Site could 

proceed.  

 

As described earlier, it was determined that the waste was comprised of inert material and did not 

have an adverse impact. Under normal circumstances, this fact would have allowed the entity 

responsible (the developer) to explore a variety of risk management options for the Site, including 

complete remediation; partial remediation with the installation of engineered controls; no 

remediation leaving the waste in-situ and implantation of a program for long-term environmental 

quality monitoring (ESRD, 2014a).  

 

A summary of the estimated costs for each risk management strategy is provided in Table 1. 

 

 

 

 



 

120 

Table 1. Summary of Risk Management Costs 

 Costs Incurred  

in First Year 

Future Annual 

Monitoring Costs 

Will 

Development 

Proceed? 

Risk Management Strategy    

 Complete Remediation  $3.2M  N/A Yes - no 

conditions 

 Partial Remediation and 

engineered controls with 

limited environmental 

quality monitoring 

$625,000 $20,500 Yes - with 

Conditions 

 No Remediation and long-

term environmental quality 

monitoring 

$120,000 $40,000 No 

Notes:  

All costs are in 2013 Canadian Dollars (CAD) 
No discount rate has been applied to future annual monitoring costs 

Source (Cirrus, 2015b) 

 

Following the creation of a conceptual Area Structure Plan (ASP) that included the engagement of 

external environmental consultants, planners, regulators and environmental specialists with the 

City of Calgary, it was determined that complete remediation would provide the only possible 

solution to achieve all the stated end-points for the Site that included: restoration of historical 

drainage patterns; protection of ecological receptors and habitat creation; and, future urban 

greenspaces and recreational areas (Cirrus, 2015b). It is notable that this was the only strategy that 

completely settled the liability so that no long-term conditions or caveats could be registered on 

title. 

 

In accordance with this decision, the final remediation plan encompassed the entire ravine both the 

east and west waste lobes, along with waste that had deposited onto the ravine floor and that had 

become co-mingled with the semi-permanent wetlands. 
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As illustrated above, a site-specific liability estimate, based on Directive D001: (Alberta, 2012b), 

was completed for the Site using a remediation strategy that employed traditional dig-and-

haul/landfilling techniques. It was predicated on a comprehensive remediation strategy, whereby 

all non-native material (waste), including clean-soil and sediment that had become co-mingled 

with the waste would excavated, temporarily staged on-site, and transported off-site to a Class II 

Landfill for ultimate disposal. Upon reviewing the remediation plan, key stakeholders identified 

several material deficiencies chief of which were; cost, landfill burden and energy use (Cirrus, 

2014c). In keeping with a commitment by the developer and all stakeholders to employ SD 

principles whenever possible, a cross-functional team comprised of external technical consultants, 

heavy equipment contractors and sustainability specialists at the City of Calgary, were tasked with 

developing alternative remediation strategies that would address the deficiencies identified above. 

In so doing it was considered that these steps would accomplish appropriate SD-based objectives 

to: 

 

1) Reduce overall energy consumption; 

2) Divert the waste away from landfills; 

3) Be cost-effective when compared to dig-and-haul strategies/landfilling: and, 

4) Completely settle the liability (Alberta, 2012b). 

 

As a result, a revised remediation plan was presented to the developer that employed a re-use and 

recycling strategy (Cirrus, 2015b) and that met all four objectives. The plan included several 

distinct stages. First, to stage, excavate and segregate all the non-native material into three waste 

streams: clean soil, concrete and metal re-enforcing bar, and municipal solid waste. Second stage: 
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To use heavy processing equipment to separate and recycle the metal reinforcing bar, then to 

mechanically abrade the remaining concrete into rock aggregate of <0.08m for use as road-bed 

material off-site (4840m3). Third stage: To dispose of all municipal waste (<110m3) at an approved 

Class II Landfill. Fourth stage: To restore the ravine and the semi-permanent surface water-bodies 

to their original pre-1980s condition, using the processed clean-soil as subsoil. The final stage was 

to install top-soil and restore indigenous plants and grasses. All final grades and drainage patterns 

were to conform to the previously developed DEM (Cirrus, 2015b). The costs associated with the 

remediation plan to settle liabilities are provided in Table 2.  

 

Table 2. Summary of Landfilling vs. Recycling and Re-Use. 

 Total Costs Landfill 

Costs 

Energy 

Costs 

All Other 

Costs 

     

 Dig-and-Haul/Landfilling $3.2M $2.2M $750,000 $250,000 

 Recycle/Re-use $1.05M $150,000 $450,000 $450,000 

     

Reduction% vs Increase% 67% 93% 40% 80% 

Savings vs (Costs) $2.15M $2.05M $300,000 ($200,000) 
Notes: 

All costs shown in 2014 Canadian Dollars (CAD) 

Landfill costs include: tipping fees, waste characterization, manifesting and all approvals 
Energy costs include: trucking, heavy equipment on-site, processing equipment, light-duty equipment 

Other costs include: consulting fees, laboratory analyses, ground-surveying, geotechnical testing, erosion and sediment control 

Source (Cirrus, 2015b) 

 

3.3.11 Discussion 

By planning and executing a recycling and re-use strategy at the Site, as opposed to a dig-and-

haul/landfill strategy, it was possible to achieve the stated objectives. Overall energy consumption 

was reduced by 40%. Approximately 99% of the waste was diverted away from other landfills 

with a corresponding 93% reduction in landfill costs. Notably, “other costs” increased by 80%, but 
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the strategy provided an overall cost savings of 67% when compared with a traditional dig-and-

haul/landfill strategy. Equally as important, the site liabilities were considered to have been settled. 

 

3.4 Application of the Qualitative SD Risk-Analysis Tool 

The Qualitative SD Risk Analysis framework, described earlier, was employed in each Case Study 

to assess the likelihood that each of the two sites could be successfully integrated into an urban 

community.  

 

Case Study 1: Legacy Land Disposal Site in High River, Alberta (Appendix A) yielded three risk 

analysis criteria. “Exposure Control” (Regulatory), “Long-term Risk Management Plan” 

(Technical) and “$1,000,001 to $5,000,000+” in “Liability” (Financial). When these three risk 

analysis criteria were plotted on the Risk Triangle, as seen in Figure 7, it resulted in a Medium 

Risk/Moderate Probability of Success to High Risk/Low Probability of Success ranking. This 

approach indicated the difficulties to decision-makers that the site could present challenges when 

attempting to integrate it into an urban community.  

 

Case Study 2: Unregulated Disposal Site in Calgary, Alberta (Appendix B) yielded three risk 

analysis criteria. “Tier I “(Regulatory), “Remediation Plan/SSLA” (Technical), and “$1,000,000 

Liability” (Financial). When these risk criteria were then plotted on the same Risk Triangle, they 

provided a Medium Risk/Moderate Probability of Success and Low/Risk High Probability of 

Success ranking, as seen in Figure 8. The work indicated to decision-makers that this site could 

easily be integrated into an urban community. 
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Figure 7. Risk-Analysis for Case Study 1: Legacy Land Disposal Site in High River, 

Alberta 
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Figure 8. Risk-Analysis for Case Study 2: Unregulated Disposal Site in Calgary, Alberta 
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The comparative “Risk Profiles” in the two Case Studies (shaded triangular areas defined on each 

side of the Risk Triangle) illustrate:  

 

1) The Risk Profiles are roughly the same shape and have most of their area within the Medium 

Risk/Moderate Probability of Success ranking; However, Case Study 1 extends substantially into 

the High Risk/Low probability of Success ranking; and, 

2) the Risk Profiles are skewed so that they appear to reside at opposite ends of the regulatory 

spectrum. Case Study 1 is situated at the far-left side of the Risk Triangle indicating greatest 

complexity while Case Study 2 is located to the extreme right of the Risk Triangle which indicates 

substantially less complexity.  

 

What can be surmised from these two observations is the following: sites that include Long-term 

Risk Management Plans and that have Financial Liabilities greater than $1,000,000, and are 

skewed towards Greater Complexity, are much less likely to achieve successful integration into 

urban environments, even though their Risk Profiles may appear to be similar. Considerations of 

the SD Risk Analysis results with the Comparison of Case Studies 1 and 2 Table may help to 

further illustrate the very different outcomes for both sites. Case Study 2 employed a number of 

critical planning tools early in the life-cycle that may have had profound long-term consequences, 

particularly as they relate to communities, the developer, the regulators, municipal governments 

and the quantity and quality of technical data required to fund/settle associated liabilities.  
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3.5 Chapter Conclusion 

In this Chapter, I have considered two legacy disposal site case studies in Alberta, Canada, one 

that was managed in close alignment with a Sustainable Development (SD) framework and another 

that was not. The case studies illustrate how two sites that are both in compliance with tools and 

frameworks prescribed in the three Silos may arrive at very different outcomes.  

 

In Case Study 1: Legacy Disposal Site in High River Alberta, I highlighted how failure to pro-

actively implement SD principles early in the lifecycle of a legacy disposal site can increase 

management costs, yield ineffective risk communication strategies, cause delayed project 

objectives and ultimately result in inconsistent regulatory outcomes that may increase risks to 

human health and the environment.  

 

In Case Study 2: Unregulated Disposal Site in Calgary, Alberta, I illustrated how inter- and intra- 

relational gaps between the previously discussed Silos may be mitigated through the pro-active 

application of SD principles that include improved ESA processes and environmental databases 

(Technical Silo), commensurate and balanced regulatory frameworks with site-specific criteria 

(Regulatory Silo) and funding mechanisms to settle the environmental labilities (Financial Silo). 

Significantly, the novel SD strategy employed in Case Study 2 also considered energy use, and 

landfill diversion strategies. 

 

Table 3 illustrates how the High River Site and the Calgary Site performed relative to the tools 

and frameworks in each of the three Silos. The table also includes a “Planning” category that is 
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not part of the traditional three Silo approach, but which serves to illustrate the importance of pro-

active and iterative planning strategies taken early in the legacy disposal site lifecycle.  

 

Table 3. Comparison of Case Studies 1 and 2 

 Case Study 1 Case Study 2 

 Legacy Land 

Disposal Site in High 

River, Alberta 

Unregulated Legacy 

Disposal Site in 

Calgary, Alberta  

   

Planning Status Status 

Re-imagining of site based on SD principles No Yes 

Productive use criteria No Yes 

Land use options evaluated No Yes 

Site-specific setback requirements Yes N/A 

Highest and best use analysis completed No Yes 

Recognition of contingent liabilities  No Yes 

Preliminary SD plan drafted No Yes 

Regulatory consultation No Yes 

Stakeholder identification and engagement No Yes 

Technical    

Phase I ESA  Yes No 

Phase II ESA Yes Yes 

Phase II ESA Delineation Yes Yes 

Remediation Plan No Yes 

Long-term Risk Management Plan (RMP) Yes No 

Regulatory   

Tier 1 Guidelines No Yes 

Tier 2 Guidelines No No 

Tier 2 Guidelines Modified Yes No 

Site-specific Risk Assessment (SSRA) Yes No 

Exposure Control Yes No 

Regulatory Closure No Yes 

Financial   

0 - $10,000 No No 

$10,001 - $100,000 No No 

$100,001 - $500,000 No No 

$500,001 - $1,000,000 No Yes 

$1,000,001 - $5,000,000+ Yes No 
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In the next Chapter, I contend that the outcomes provided by the three Silos may cause most 

decision-makers to make decisions that lead directly into the next stage of a legacy disposal site’s 

lifecycle, a point that I term the “Critical Decision Point”.  
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Chapter Four: Legacy Disposal Sites and The Critical Decision Point 

 

We are all looking back over our shoulders and asking what happened? In the hope that 

understanding of past events will alert us to the catastrophes of the future, that is what we are all 

attempting. (Cannel et al., 2008). 

 

“A system of variables is ‘interrelated’ if an action that affects or is meant to affect one part of the 

system will also always affect other parts of it. Interrelatedness guarantees that an action aimed 

at one variable will have side effects and long-term repercussions. A large number of variables 

will make it easy to overlook them.” (Dorner, 1989) 

 

4.1 Overview 

In Chapters 1 - 3, I have established that legacy land disposal sites represent a growing and material 

impediment to the lateral growth and inner-city “densification” of urban centers in Alberta and 

indeed, in many urban locales across North America. I have investigated the unique issues 

presented by types of sites by employing an alternate SD taxonomy based “Technical, Regulatory 

and Financial” Silos used in combination with a modified Qualitative SD Risk-Analysis Tool. By 

applying this framework to two legacy disposal sites in Alberta, Canada, the second of which was 

managed in close alignment with an SD framework and the first that was not, I have set out 

arguments for current tools and frameworks that may be inappropriate for use in different stages 

of the legacy disposal lifecycle. In addition, the inter- and intra- relational gaps between Silos, as 

identified earlier in this thesis, may produce counter-productive outcomes that include escalated 

management costs, delayed project objectives, inconsistent regulatory engagement and increased 
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risk to human health, factors that may ultimately undermine the attainment of policy objectives as 

defined by guidelines for “Productive Use” (ESRD, 2014a). 

 

4.2 Critical Decision Point 

I contend that all outcomes relative to legacy disposal sites turn on what I refer to as a “Critical 

Decision Point”: that is to say, a discrete event or series of events that can occur in the lifecycle 

history of such sites. These factors may ultimately determine whether such sites may be 

successfully integrated into an urban community, or not. This intersection point occurs when the 

entity(ies) with legal and financial responsibility for the site must choose between two broad 

strategies. The first, “Remediation” is a comprehensive program of active interventions, intended 

to restore a site to a satisfactory end-point, one that is consistent with a natural, background state 

or in compliance with the applicable laws and legislation (ESRD, 2014a). It is not the intention 

here to provide a detailed explanation of specific remediation tools, techniques, strategies or 

technologies or to discuss their relative efficacy under differing conditions. Suffice it to say that 

Remediation strategies fall into two broad categories: in-situ and ex-situ. Various ex-situ 

approaches tend to be invasive and may involve exposing and bringing contaminated material to 

the surface for treatment or disposal. The most common methods employed for this include dig-

and-haul, land treatment, mechanical aeration and volatilization. Methods may also involve the 

addition of physical amendments to neutralize or help break down more persistent Chemicals of 

Concern (CoC).  

 

In-situ processes and strategies are less intrusive and are intended to treat the contaminated 

environmental media, typically soil and groundwater, “in-place” without the need for large-scale 
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excavations and open-pits. Methodologies may include: multi-phase extraction, surfactant 

enhanced remediation, chemical oxidation and enhanced bio-degradation techniques. 

Commitments to remediation typically signal that the entity(ies) are prepared to make substantial, 

or near-term expenditures that may extend over one, or several, years (Cirrus, 2014b). Most 

importantly, such commitments tend to signal an important philosophical commitment, whether it 

is recognized by the entity(ies) or not, to settle the liability immediately such that the costs accrue 

to the present generation, while the benefits enure to future generations. However, such risk 

management strategies are typically associated with much uncertainty and potentially unlimited 

future financial liability should the remediation activities reveal areas of profound contamination 

that were previously unknown or that cannot be fully addressed (KPMG, 2013). Such approaches 

may result in findings that conclude that the environmental liability may be equal to, or greater 

than, the asset value of the affected lands which would result in their “sterilization”, rendering 

them potentially, or actually, undevelopable. 

 

The second option presented to decision-makers is to select among several strategies for 

postponement that may collectively be referred to as “Defer, Divest, Default” (DDD). Through a 

variety of mechanisms, DDD involves forgoing the immediate costs associated with remediation, 

or settling of liabilities, until some unspecified future point. This strategy defers costs to future 

generations. The first strategy, “Defer” is a cognitive decision by entity(ies) to suspend the bulk 

of any remediation work through an endless loop of iterative environmental sites assessments 

ESAs and long-term monitored natural attenuation studies (ASTM, 2014). It has dismissively been 

referred to by some remediation practitioners as a “watch and do nothing approach”. Commonly 

used to keep the regulators at bay, the entity can in many cases avoid remediation by demonstrating 
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that they are acting in good faith by executing a prudent and rigorous ESA program so as to avoid 

any missteps or inaccuracies in the findings relative to human health and environmental impacts. 

The deferral approach can also be used as a means to prevent or suspend the recognition of a 

contingent liability (PSAB, 2009). Here, an entity may argue that it never has sufficient technical 

data to arrive at a point where a “fair” and comprehensive site-specific liability assessment can be 

conducted, meaning the point where the true magnitude of the liability is revealed and, as such, 

that it must be recognized in financial statements (MacKenzie, 2014).  

 

The “Divest” or divestiture strategy may result in the liability being transferred to another party 

under a purchase and sale agreement, one that frequently contains clauses for “assumption of all 

environmental liabilities” or an equivalent legal understanding (Alberta, 2012b). It is an approach 

whereby the entity seeks to settle the liability by absolving itself entirely of the lands or property 

in question. This may still be considered to be a deferral type strategy as the polluter has cradle-

to-grave liability under the EPEA legislation (Alberta, 2016e). Correspondingly, the liability 

would enure to the polluter, particularly in cases where the purchaser(s) may subsequently become 

defunct or insolvent.  

 

The final, unfortunate outcome of standard frameworks that use routine Silo based approaches to 

legacy disposal site management is to “Default”. This is arguably the least desirable and most 

problematic outcome of failed management strategies. Under this scenario, the entity(ies) discover 

that the total liabilities associated with remediation, in combination with ongoing risk-management 

costs, may be greater than the net asset value; a finding that may result in a several possible 

outcomes:  
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1) The entity may declare bankruptcy and abandon the lands outright;  

2) The entity’s lending institution may force it into default as the result of financial notes/liens 

taken against contaminated lands (legacy disposal site) becoming unsecured;  

3) The costs of defending against third party legal actions resulting from the migration of 

contaminants into other properties may force the entity(ies) into receivership; and,  

4) Escalating and unresolved environmental remediation costs may overwhelm the financial 

resources of the entity(ies), that ultimately force them into receivership.  

 

These different scenarios may occur singly or in combination with other potential events. The net 

result may be the creation of yet another “orphaned site”, one that has been assessed and confirmed 

as not having any defined party that is legally or financially responsible for remediation (OWA, 

2017). “Orphan” sites must typically be managed using public funds. 

 

4.3 Discussion 

Unfortunately, many of the management decisions involving legacy disposal sites hinge on the 

immediacies of short-term costs and financial liability. Issues related to sustainable development 

are often a secondary and distant consideration (De Sousa, 2006). As a result, the DDD strategy is 

frequently a more certain risk management strategy that may provide the appearance of limited 

future financial liabilities and more importantly, may seek to avoid, short-term financial 

expenditures. Not surprisingly, when faced with the Critical Decision Point between remediation 

and DDD, the DDD option appears to be the one most frequently selected by both public or private 

organizations. Decisions to defer may also result from cases where an asset has reached end of 
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life, such as; private properties with previously unidentified dump-sites or a municipality that may 

be facing encroachment on a legacy “landfill”; or in instances where an entity has been identified 

as a “polluter” due to prior activities. Hence, environmental liabilities may represent an 

undetermined but material outflow of financial resources with little or no return.  

 

There is significant evidence for this this assertion:  

 

1) there are thousands of recalcitrant legacy disposal sites within Alberta and across North America 

that have not been remediated or otherwise effectively managed within an SD framework. They 

remain as impediments to future developments that extend decades after their discovery; and, 

2) the additional tens of thousands of “orphaned” oil and gas wells, pipelines, and contaminated 

sites that have also persisted for decades as a result of encounters with this same type of critical 

decision point.  

 

Clearly, based on this poor record whereby lands can be returned to productive use, regardless of 

the origins of the pollution, the current tools and frameworks appear not to be performing in 

accordance with desired public policy outcomes.  

 

Importantly, pre-conditions for failure are often set well in advance of the critical decision point, 

a fact that virtually assures a sub-optimal outcome. As I demonstrated in Chapter 2 and 3, myopic, 

and self-focused tools and frameworks within the Technical and Regulatory Silos may work to 

compound decisions for reclamation. These include issues such as incomplete data sets, 

inconsistent application of guidelines and erroneous risk communication throughout the lifecycle 
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of a legacy disposal site. These factors ultimately manifest themselves in inaccurate, or perhaps 

misleading, site-specific liability assessments (SSLAs). These results may create a high level of 

skepticism, uncertainty and perceived financial risk to those charged with managing these sites.  

 

Figure 9 illustrates how the intersection of the liability uncertainty curve and cost uncertainty 

curve give rise to what I have termed the “Critical Decision Point”. When a legacy disposal site is 

discovered (shown as “Site Identified”), the entity(ies) responsible typically have little knowledge 

about the total volume of waste, its composition, hazardous and non-hazardous constituents and 

any potentially adverse environmental effects. Hence, there exists an almost complete 

“uncertainty” regarding the potential future costs of remediation/risk management at the site. This 

factor is represented by the Liability Uncertainty Curve (shown initially as a white line) that dips 

from the upper left quadrant of the graph to the lower right quadrant over time. Correspondingly, 

the environmental due diligence costs incurred by the entity(ies) during the early stages of the 

lifecycle are “certain” and typically less than $50,000 CAD (Cirrus, 2014b). This is represented 

by the Cost Uncertainty Curve (shown initially as a black line) that rises from the lower left 

quadrant of the graph to the upper right quadrant over time. Over time, as the lifecycle management 

process progresses, the process moves from the Technical Silo to the Regulatory Silo and 

subsequently into the Financial Silo. This process forces the entity(ies) to incur costs to perform 

iterative rounds of ESAs, regulatory consultation, public consultation, planning and remediation 

cost estimates increase, typically by several orders of magnitude, causing the black line to move 

rapidly upwards.  
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Figure 9. Liability Uncertainty vs. Management Cost 
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I contend that the Critical Decision Point represents a subtle but vital inflection point in the 

lifecycle of the legacy disposal site, one that may dictate certain corporate and public sector 

decision-making behaviors. Here the liability uncertainty curve ceases to be “uncertain” as the 

entity(ies) may be faced with actual “hard” expenditure scenarios under a DDD strategy. In this 

scenario, the previously certain “hard” costs associated with environmental site assessment and 

planning, would be overtaken by uncertain future remediation costs. Certainly, financial markets, 

private and public organizations, regulators and human beings in particular, dislike uncertainty 

(Fernandez et al., 2012). Uncertainties have a destabilizing effect on decision-making and may 

typically result in irrational decision-making, higher long-term management costs along with other 

risk adjusted premiums (Austin et al., 1997). Figure 9 demonstrates that the only portion of both 

curves that are “certain”, that is to say those within defined limits (shown as solid not dotted lines), 

reside within the lower half of the graph. Assuming that all entities will behave rationally and seek 

certainty with regard to long-lived liabilities, it is probable that decision-makers will preferentially 

avoid choices that reside above the Critical Decision Point, meaning those that are inherently 

uncertain. Such scenarios include the purchase of lands that might contain one or more legacy 

disposal sites or undertakings for large-scale, complex remediation/risk management projects at 

one or more of these same sites. 

 

4.4 Critical Decision Point Issues: Ethical Considerations and Financial Discounting 

“It’s tenacity has re-affirmed its materiality and forced us to understand how it transcends natural 

and human boundaries; and thus, re-examine our relationship with it - consider what waste is, 

why and to whom it matters” (Gregson and Crang, 2010). 
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Previously, I identified two key issues that underpin the Critical Decision Point and make it 

particularly contentious or perhaps even intractable: ethical considerations and financial 

discounting. While these may seem like disparate concepts that do not concern any meaningful 

assessment of legacy disposal sites, I contend that they are in fact germane and inter-related 

concepts that deserve careful evaluation by any proponent seeking to achieve outcomes that are 

different than those provided by the traditional Defer, Divest and Default strategies.  

 

4.4.1 Ethical Considerations 

Here, I first consider the tacit ethical considerations that can arise during the lifecycle of a typical 

legacy disposal site, even though they may not be given particular weighting or be accurately 

presented in an entity’s financial statements (Adams, 2004) These considerations relate to the 

changing societal and scholarly perception of wastes that may be increasingly influencing, shaping 

and changing natural and anthropogenic systems (Gregson and Crang, 2010). As Moore (2012) 

observed: “scholars of waste have always been interested in the material - whether matter and 

materialism were construed as the “thingness of garbage or toxic waste (given or constructed), 

the daily realities of managing or living with waste, or the social relations and political-economic 

processes concealed or revealed in the waste itself”. Castree (2002) goes on to add that the waste 

question is in and of itself a hybrid; composed equally of human and “natural” elements. It 

constitutes a discipline concerned with material realities, the practical and consequential, not 

merely the abstract and philosophical. Waste is now behaving as a “parallax object: that which 

objects, that which disturbs the smooth running of things” - it is assuming the power to “disturb 

or disrupt geospatial norms” (Moore, 2012). 
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In spite of avowed efforts to seek alternate solutions, we still sequester a vast majority of our waste 

through burial, placing it in great sub-surface “sinks”, those spaces and processes that capture and 

channel wastes (Gabrys, 2009). While it varies from place to place around the globe, the amount 

of solid waste that finds its way into a landfill or dump-site can be up to 95% of materials produced 

by mankind (El-Fadel et al., 1995). The lifecycle of a typical landfill/legacy land disposal site has 

been estimated to extend up to 600 years (Bayer and Méry, 2009). Assuming that a generation of 

people in an industrialized country could live for 8 decades with 20 to 30 generations living within 

a 600 year period, (Méry and Bayer, 2005), it is clear that these types of sites should merit 

thoughtful considerations regarding all the elements of intergenerational equity. Such 

considerations include highest and best use (Beckwith, 2010), productive use, overall 

environmental quality and intangibles such as aesthetic value. In sum, the way in which we 

perceive legacy disposal sites, manage them and integrate them into society is fundamental to any 

notion of SD that may contemplate intergenerational equity. 

 

Landfills, legacy waste disposal sites, disposal wells and any other repositories that humans use 

for waste management behave as “sinks”, or temporary storage systems that are dynamic and 

constantly changing systems (Gabrys, 2009). These sinks can extend to global levels, as with 

oceans and sea ice, or they can be localized as a tree (carbon sink) or a municipal solid waste 

landfill. Each acts as “indeterminate hybrids of waste, technology, ecology, humans, and non-

humans. They are places of deposit and channeling. Materials gathers in them, and in turn 

recirculates them. The mobility of waste is critical to thinking about how waste sinks assemble and 

transform” (Gabrys, 2009). While engineered landfills are a recent 20th century innovation, there 

are sufficient data to confirm that despite best efforts, state-of-the-art design principles and 
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construction techniques, they may still leak (Hudak, 2002). This is in addition to the fact that 

legacy disposal sites that are not engineered or that have few administrative controls will almost 

certainly leak. What can be concluded is that any land disposal “sink” is only a temporary 

storehouse, “one that holds a stock of materials that are held indefinitely in direct physical contact 

with soil and in some cases water. These features raise public fears with respect to the ability of 

the landfills – irrespective of the state of technological progress to protect the whole environment 

from potential damages caused by any pollutant flow at all points in time. These potential flows 

are due to the high chemical gradient between their internal content and the environment. This is 

the reason why landfills are one of the most serious problems in waste management with respect 

to implementation of sustainability criteria” (Bayer and Méry, 2009).  

 

Hence, discussion of waste and its place in society must acknowledge its recalcitrance and 

interconnectedness to its surroundings through a relational ontology. As Braun (2006) observed, 

we still need to “understand the ways in which non-human nature resists its incorporation into 

particular political-economic and spatial forms”. Waste is a human by-product, yet it has 

gradually become so dispersed and influential in the “natural” environment that the two are now 

inextricable. To speak of one without the other is really an impossibility. In many ways, it has 

come to symbolize humanities’ struggle with itself; are we part of “nature” or are we separate from 

it? In short, our wastes may be defining humanity and our civilization in what has been termed the 

“Anthropocene” of geological Ages.  

 

As a way of highlighting the disruptive force that is the materiality of waste, one must consider 

the power that it wields even in its absence, such as when an engineered landfill site is being 
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proposed, before it actually exists; or, before a legacy disposal site is to be integrated into a 

community. People tend to closely link waste and risk. This is reflected in observations that Baxter 

and Eyles (1999) made about residents evaluating the risks of a proposed waste facility in their 

community. They describe the resident’s perception of risk as being “high” despite the expert 

opinion that risk is “low”. They go on to consider the myriad of problems that arise from the mere 

notion of a waste facility next door including conflicts that may appear to some as intractable 

public consultations that ultimately result in civil disobedience, protracted legal battles and costly 

delays that may last as long as the sites themselves (>20 years) ((Elliott et al., 1997), as referenced 

in Baxter and Eyles (1999)); and, secondly “the conflicts and uncertainty can lead to feelings of 

insecurity and community turbulence which in turn affect psychosocial health” ((Edelstein, 1988), 

as referenced in Baxter and Eyles (1999)). 

 

The concept of dynamism and transformation embraced by recent scholarship on waste is also 

embodied in the concept of “actant” which “can literally be anything provided it is granted to be 

the source of an action” (Latour, 1996) who also observed that “It is crucial for the definition of 

the term that what circulates and what makes the circulation be both co-determined and 

transformed. . . As a rule, a quasi-object should be thought of as a moving actant that transforms 

those which do the moving because they transform the moving object”. The differentiation between 

the animate and inanimate become blurred when as Braun (2008) observed, the extent that the 

boundary between organic life and inorganic matter is not as clear-cut as it once seemed. . . this 

vitality might be said to suffuse the material world in its entirety. In such a world claims regarding 

relationality do not go far enough as we now appear to be in a world where the “singularity of 

matter is alive with the potential of endless evolutions and innovations” (Kearnes, 2006). 
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4.4.2 Discussion 

As detailed above, both scholars and society at large are re-thinking landfills and legacy disposal 

sites broadly to include considerations of their inter-relationship with natural and anthropogenic 

systems. It is clear that they do not function as “dry-tombs”, places where waste can be effectively 

isolated and sequestered from people and the environment indefinitely. Instead, they behave as 

temporary “sinks”, those dynamic systems that influence, and are influenced by, their 

surroundings. This new reality may have profound implications for considerations of human 

health, ecological receptors, environmental quality, socio-economic factors, productive use, 

highest and best use principles, along with intergenerational equity. Most importantly such 

questions raise deep, moral values about how we safely integrate these sites into present and future 

urban communities. As Méry and Bayer (2005) point out, the manner in which the time perspective 

is taken into account at legacy disposal sites is fundamental to considerations of their use. The 

impact through barriers (if any exist) and aquifers many imply concerns for Time Horizons that 

may extend to several centuries, and thus future generations must be seriously considered (Page, 

1988). Given this observation, should legacy disposal sites be viewed as valuable land resources 

that ought to be exploited? Or should they perhaps be treated as potentially dangerous areas that 

need to be kept isolated at a safe distance, through the use of buffer zones, setbacks and other 

administrative controls? Perhaps there needs to be a more flexible approach that considers site-

specific criteria? Regardless of any approaches that may be adopted, the dynamic nature of 

landfills probably demand that current generations adequately accommodate current and future 

moral considerations as a basis of SD. In sum “socio-economic aspects as well as sustainability 
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criteria should not be neglected in the decision-making processes of waste management” (Méry 

and Bayer, 2005).  

 

4.4.3 Financial Discounting  

In the preceding section I considered how waste is changing both the perceptions and realities of 

the interrelationship between the natural and anthropogenic worlds. In so doing, I determined that 

moral considerations must necessarily be part of any decision regarding landfills and legacy 

disposal sites, those material “sinks” that can remain active for centuries to potentially affect 

multiple generations. In this section, I turn to a directly related issue; one that is arguably the most 

contentious and problematic in relation to legacy disposal sites. How does society, those citizens, 

private organizations, regulators and governments, decide how to allocate scarce financial 

resources to the management of legacy disposal sites so that they are rendered “safe” and/or 

returned to productive use? What is “good” and what is “right” (Lumley, 1997) when it comes to 

placing a financial value on intangible environmental resources and correspondingly, how does 

one value environmental impairments that result from pollution, denudation and over-use?  

 

Much of the difficulty that surrounds valuations of intangibles such as the environment, originates 

from a basic, well established financial principle known as “discounting”. Discounting resides at 

the core of most budgeting and cost-benefit analyses performed by both private and public 

organizations when choosing between competing financial based decisions. It is a process to 

determine the present value (PV) of a payment or a stream of payments to be received in the future. 

The concept assumes that, given the time value of money, a dollar is worth more today than it 

would be worth tomorrow. The United States Environmental Protection Agency states that 
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“discounting reflects that people prefer consumption today to future consumption, and that 

invested capital is productive and provides greater consumption in the future. Properly applied 

discounting can tell us how much future benefits and costs are worth today” (USEPA, 2010). 

Selecting a discount rate allows governments, corporations or individuals to predict which of 

several potential decisions provide the greatest financial benefit now. The appropriateness of one 

discount rate over another, their application to public versus private cost-benefit analyses and their 

inappropriateness for valuing environmental intangibles, may be a source of considerable debate 

(Lumley, 1997). As discussed below, the source of this debate originates from how different 

discount rates can materially impact net present value (NPV) evaluations that may ultimately 

determine the selection of certain policies or projects (USEPA, 2010). Here, it is not my intention 

to explore the detailed mathematics or assumptions that may be entailed in such calculations, I 

seek only to review the potentially negative effects on human behavior and decision-making across 

all types of organizations, particularly those decision processes that may be related to the 

incorporation of legacy disposal sites within urban communities. I contend that: 

 

1) the practice of discounting should be different for governments than for private entities as such 

decisions tend to place higher values on the present rather than the future. These factors tend to 

encourage short-term solutions and an associated avoidance of long-term investments (Lumley, 

1997);  

2) its application to intangibles, such as the environment, tends to raise moral and ethical issues 

(introduced in the previous section);  

3) it is particularly ill-suited for application to extremely long-lived societal issues such as climate 

change, non-renewable resource use, and landfills; and;  
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4) all of the above tend to be exacerbated by human time-related behaviors and a natural propensity 

to deviate from rational or established practices (Zeckhauser and Viscusi, 2008).  

 

As discussed earlier in this thesis, legacy land disposal sites are unique in that they frequently do 

not fit neatly into any particular category; are they landfills, contaminated sites, nuisance grounds 

or brownfields? Adding further to the opacity of this issue is the fact that many originate in the 

private domain, meaning that they may be unregulated and exist on private lands, while they may 

at some future point, ultimately become the responsibility of governments. Moreover, the potential 

liabilities associated with these types of sites means that both governments and private entities are 

reticent to assume control over them, which may make consistent and effective long-term planning 

problematic (De Sousa, 2006). What often emerges, as we have seen through the legacy of land 

disposal sites, contaminated lands, and brownfields, is an inconsistent and inefficient application 

of certain resources. This is particularly so with the divergence of corporate interests (privately 

held and publicly held corporations) versus public interests (individuals and governments). The 

reason for the misalignment between these two broad groups sits at the very center of the 

controversy surrounding discounting, and for that matter, the Critical Decision Point itself. Quite 

simply they have held different perspectives on what is “good” and what is “right”. For 

corporations the maximization of shareholder value is often a paramount goal, meaning the 

achievement of the greatest financial gain in the shortest possible period of time (Bragg, 2003). In 

this context, if discounting helps corporations maximize profit. Thus, they tend to consider the 

practice as being “good”. As an aside, corporations are increasingly under pressure from 

stakeholders to also consider what is “right” in their decision-making processes such as triple-

bottom line accounting and other fiscal approaches. However as Neu et al. (1998) and KPMG 
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(2013) point out, inconsistencies with internal policies and procedures, coupled with the variance 

in how financial statements are presented can create additional uncertainty concerning rationales 

that underpin specific corporate decisions.  

 

For governments and individuals who may not share the same value-maximizing goals as 

corporations, the question of what is “good” may not be as clear, and the problem of defining what 

is “right” in political realms may become even more problematic. It we proceed from the 

assumption that it is the moral duty of all governments in democratized countries to seek what is 

best for the entire community across successive generations (Lumley, 1997); then clearly, any 

tools or frameworks that help to achieve the goal could be considered as being both “good” and 

“right”. Unfortunately, as Lumley (1997) points out, there may be a growing tendency for 

governments to use corporate decision-making criteria which translate financial success as 

representing the greatest good. This suggests that intangibles like aesthetics, intergenerational 

equity and naturally occurring background environmental quality, or other factors that do not 

convert directly into money, may be significantly undervalued or perhaps even be disregarded out 

of hand. Ironically, the principles for discounting are also deeply embedded in the International 

Financial Reporting Standards (IFRS). In Canada, the Public Sector Accounting Board (PSAB) is 

responsible for “establishing standards and other guidance for financial reporting by all Canadian 

entities in the public sector and by contributing to the development of internationally accepted 

public sector financial reporting standards. The mission of the PSAB shall be to contribute to 

supporting informed decision-making and accountability by maintaining a framework that 

provides a basis for high-quality information about organizational performance reported by 

Canadian public sector entities” (PSAB, 2017). Correspondingly the standards provide some 
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guidance in PS3260 “Contaminated Sites” and PS3270 “Solid Waste Landfill Closure and Post-

Closure Liability” regarding the measurement of environmental liabilities. Specifically, they state 

that [my emphasis]: “The estimate of a liability represents the sum of the future discounted cash 

flows associated with remediation and mitigation activities. In periods subsequent to initial 

measurement, a government shall recognize changes in the liability resulting from: a) revisions to 

the timing or the amount of the estimate of undiscounted cash flows; b) adjustment of the discount 

rate used; and, c) interest expense”. The PSAB also adds that: “in most cases where the effect of 

the time value of money is material, the amount shall be the net present value of the estimated 

future cash flow . . . the government’s average long-term borrowing rate, determined on a 

consistent basis may be appropriate to use as a discount rate” (PSAB, 2009). 

 

The practice of discounting, and its widespread use by both governments and corporations for 

valuing intangibles, is put in further perspective when other issues are considered: extremely long-

lived societal issues such as climate change, non-renewable resource use, waste management and 

landfills, human time-related behaviors, and a natural propensity to deviate from rational or 

established practices. 

 

As described earlier, the discount rate is equivalent to the interest rate employed in discounted 

cash flow (DCF) analysis to determine the present value (PV) of future expected cash flows. Most 

importantly the discount rate in DCF analysis accommodates the time value of money and also the 

risk or uncertainty of future cash flows; the greater the uncertainty of future cash flows, the higher 

the discount rate (Austin et al., 1997). As an aside, it should be noted that there is scholarly debate 

regarding the entanglement of risk and time in financial markets, but I do not address that debate 



 

149 

here. Suffice it to say that “real world decision-makers routinely raise their discount rates when 

confronted with risk” (Zeckhauser and Viscusi, 2008). In general, the longer an entity must wait 

to have a return on its initial investment the more uncertain that project becomes in the mind of 

the decision-maker; and the more reticent the entity may become at selecting that option (van 

Liedekerke, 1995). At some distant point in the future the uncertainty due to a myriad of potential 

future events such as market fluctuations, economic slow-downs, environmental disasters or wars 

becomes so great that corporations, governments and humans cannot develop a meaningful 

perspective so as to accommodate these variables into effective decision-making processes (Stern, 

2007). Financial markets, individual behaviors and scholarly literature suggest that time-frames 

typically that occur within several decades, perhaps 30-40 years hence, are used by current 

decision-makers. As a rule, very little consideration is given in financial markets to DCF and 

undertakings that persist for centuries or millennia (Zeckhauser and Viscusi, 2008).  

 

To highlight how discounting can serve to undermine policies for long-term, environmental 

assessments, consider a DCF calculation that derives the benefits of $1 in 50 years and then in 100 

years. Employing a discount rate of 3% (that is consistent with the lower value suggested in US 

Office of Management and Budget (OMB) guidelines and climate change), economists such as 

Nordhaus (2007) provides a PV of $1 equal to $0.23 in 50 years and $0.05 in 100 years. An 

alternative OMB discount rate of 7% leads to a PV of just $0.03 after 50 years and $0.001 in 100 

years (Zeckhauser and Viscusi, 2008). The United States Environmental Protection Agency 

(USEPA) (2010) also considers that “for a given PV of costs particularly the case where costs are 

incurred in the present and therefore not affected by the discount rate, it is easy to see that the 
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choice of the discount rate can determine whether this policy is considered, on economic efficiency 

grounds, to offer society positive or negative net benefits”.  

 

Applying this to a real-world environmental project with an extraordinarily long time-frame 

consider the study commissioned by the USEPA for the Yucca Mountain nuclear storage facility. 

An analysis that considered a 10,000 year (later increased to 1 million years) time-span was 

completed to demonstrate the safe storage of highly reactive spent nuclear materials (USEPA, 

2005). Assuming a discount rate of 3% the $1 committed now would yield an astounding imputed 

“benefit” of $4.2 X 10-129 in 10,000 years. Applying such discount rates to an SD project at a 

legacy landfill site with an estimated life of 600 years would yield benefits that would probably be 

equally diminutive and uncertain. 

 

4.4.4 Discussion 

As illustrated above, the most serious issue posed by long time horizon societal issues arises 

primarily when costs and benefits of an action or inaction are very large and distributed 

asymmetrically over vast expanses of time, centuries or millennia. The crux of this issue is that 

future generations are not present to participate in making relevant choices. Instead, these decisions 

are made, effectively on their future behalf, by current generations.  

 

The inefficiencies and inaccuracies inherent in traditional discounting models, especially when 

applied to long-lived environmental projects or societal issues, are comprehensively addressed in 

other scholarly works and in the public literature (Lumley, 1997). Yet, no consensus among 

scholars, governments or the financial community has been reached regarding a solution that 
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adequately and uniformly addresses intra-generational (short-term) and intra-generational (long-

term) discounting gaps. One approach that seeks to address these discounting gaps is the 

Generational Adjusted Discounting (GAD) framework proposed by Bayer (2003). The GAD uses 

a more sophisticated approach to discounting by employing a flexible discount framework that 

explicitly considers macro-economic influence (growth rate) and to a lesser extent microeconomic 

influence (intergenerational discount rate) while taking into account the fundamental requirements 

of sustainable development. In employing a GAD framework to compare the efficacy of two 

different landfill technologies, such as a “bioreactor” versus a “dry-tomb” over a 600 year time 

horizon, Méry and Bayer determined that “even in the most optimistic cases the current amount of 

eco-taxes for landfills are clearly too low”. Méry and Bayer (2005) do not elucidate on the exact 

meaning of “eco-taxes” however, they are presumed here to include municipal taxes related to 

waste management and point-of-use fees such as landfill tipping charges. Regardless, the overall 

conclusion is that in the case of both landfill technologies the costs and benefits are not equitably 

spread between our current generation and future generations. This leads to a conclusion that 

macro-economic aspects, as well as the sustainability criteria, should be included in the waste 

management decision making process (Méry and Bayer, 2005). 

 

However, in practical terms applying a GAD framework, especially at the level of small and 

medium municipal government, may prove to be untenable. First, the complexities and subjectivity 

associated with selecting an appropriate discount rate or rates can make budgeting difficult for 

long-lived projects with relatively small budgets. Second, conducting the requisite modeling and 

cost-benefit analyses can be time-consuming, technically challenging and costly. These are 

considerations that potentially nullify any long-lived financial benefits derived from any GAD 
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exercise. In sum, the financial and technical hurdles presented by GAD may act as a strong 

disincentive to its widespread use. Moreover, entrenchment of standard discounting practices in 

IFRS as well as PSAB standards and frameworks suggest that employing an effective inter-, intra-

generational tool, such as GAD at land disposal sites will probably be problematic for both 

individuals, corporations and governments alike. 

 

4.5 Time-related Behaviors  

Previously, I demonstrated that discounting and associated, intrinsic mathematical formulae, tend 

to create an inherent pre-disposition to assess short-term financial benefit and diminish attentions 

paid to uncertain, long-term risks. What is generally not accounted for is unpredictable and 

irrational human behaviors that may affect discounting (van Liedekerke, 1995). The scope of this 

thesis does not provide the latitude to fully explore the human psychological impacts or behavioral 

economics associated with long-term decision-making; however, it is important to be cognizant of 

its potential effects. Psychologists often working in conjunction with economists, have contended 

that traditional discounting models, regardless of the rates they employ, are frequently undermined 

by the “extreme human preference for present pay-offs” (Zeckhauser and Viscusi, 2008). They 

also posit that individual tolerances relative to uncertainty and time can cause irrationality and 

myopia, resulting in outcomes that tend to undermine long-term policy objectives. Similarly, 

governments must grapple with finite resources, political concerns associated with vacillating 

public opinion and tremendous financial uncertainties, particularly with respect to temporally 

distant impacts. In sum, the human pre-disposition towards immediate benefit coupled with 

irrational and myopic behavior when faced with uncertainty and time, may undermine long-term 

decision-making regardless of which discounting model may be chosen. The implication for 
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decisions-makers with regards to legacy disposal sites is clear. Traditional discounting models do 

not favor long-term societal issues that span generations, and human time related behaviors can 

undermine long-term SD policy goals. 

 

4.6 Time Horizons and the Critical Decision Point 

Here, I consider the effect of “Time Horizons” on the Critical Decision Point. As described above, 

the issues of time and uncertainty are intertwined. In general, longer time horizons create greater 

uncertainty and may contribute to the perception of “risk” in individuals, financial markets, and 

governments. My intention is not to further address how time can affect discounting or how 

individuals and organizations respond to time sensitivities. Rather, I have chosen to illustrate how 

discontinuities between different, discrete units of time (“Time Horizons”) in the lifecycle of a 

legacy disposal site may work to undermine long-term SD planning. My research has identified 

six discrete Time Horizons, which include:  

 

1) Calendar Years. Defined as a time period that encompasses 365 days and reflects seasonal 

changes that can influence all environmental media in and around legacy disposal sites. 

These include fluctuations in groundwater elevations, soil quality, soil gas concentrations, 

changes to geochemistry, overland water flows, as well as erosion and sedimentation. 

(ASTM, 2014).  

 

2) Fiscal Years. Defined as a period that also includes 365 days but may or may not align 

with Calendar Years. Fiscal years reflect financial budgets set by individuals, corporations, 

governments, and other entities that must dedicate financial resources to managing legacy 
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disposal sites along with contaminated sites (MacKenzie, 2014). Most notably they can be 

subject to material changes over time as the result of widespread economic downturns, 

financial mismanagement or insolvency, philosophical differences between incoming and 

outgoing management, and changes to policy resulting from differing risk tolerances 

(KPMG, 2013).  

 

3) Electoral/Budget Cycles. Electoral/Budget cycles for Alberta municipal and provincial 

governments (Alberta, 2014) occur approximately every four years. A change in 

government or a shift in political philosophy can produce material changes in 

environmental policy and approaches to legacy disposal site management. These factors 

may exert significant effects to disrupt long-term SD planning. KPMG (2013) also observe 

that the measurement of environmental liabilities requires substantial professional 

judgement that can vary widely year to year. “How a government accounts for long term 

monitoring costs, for example, and the assumptions applied to index and discount future 

remediation expenditures can materially impact the amount of the liability reported” 

(KPMG, 2013).  

 

4) Technological Change. There is considerable scholarly debate regarding the rate of 

technological shifts and advances in environmental monitoring, assessment and 

remediation technology (Laws et al., 2004). Here, it is sufficient to say that there has been 

considerable change with regards to specific environmental technologies and that rate of 

change appears to cross a materiality threshold approximately every decade (Jaffe et al., 

2003). New technologies may in some cases provide new remedial solutions to issues 
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posed by legacy disposal sites. In other situations they may also shed new light on 

previously undiscovered environmental liabilities or human health risks (USEPA, 2014). 

Regardless, technological change influences how legacy disposal sites are ultimately 

managed. As a result, this factor must be considered as part of the process of Critical 

Decision Making.  

 

5) Professional Careers. For the purpose of this thesis, I am assuming that an individual’s 

typical work-life or professional career typically extends 35 to 40 years, approximately one 

half of the life expectancy of workers in developed countries (Bayer, 2003). During that 

time workers may be involved with collecting and interpreting data, making decisions or 

managing elements of one or more of the three Technical, Regulatory and Financial Silos. 

In many cases that information may or may not be captured in documents or records that 

comprise the intellectual property, or be part of, an environmental management system 

(EMS) (Martin et al., 2008) that can be accessed or used by subsequent generations. Such 

data can subsequently be lost when that person retires, changes careers, or passes away, 

often resulting in discontinuous SD management strategies.  

 

6) Urban Expansion Cycles. The rate of urban growth varies substantially across North 

America. In Alberta, where substantial demographic shifts have occurred, socioeconomic 

change occurs with varying frequency and is commonly tied to economic cycles driven by 

commodity prices, particularly oil and gas (Alberta, 2016g). Here, it is assumed that 

material economic growth, lateral expansion and inner-city “densification” will continue 

to occur in, and around, land disposal sites in approximate cycles extending over 100 years.  
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7) Legacy Disposal Site Lifecycle. For the purpose of this thesis, the lifecycle of a legacy 

disposal site is predicated at 600 years (Zeckhauser and Viscusi, 2008). This assumes that 

the waste contained therein is largely inert, and devoid of radioactive or recalcitrant 

hazardous and toxic materials.  

 

4.7 Discussion 

It is evident, based on the different temporal scales provided above, that the lifecycle of a legacy 

disposal site can be viewed as the sum of individual, or disparate, Time Horizons. These in turn 

are subject to numerous external and internal influences that frequently favor short-term gains over 

long-term outcomes. Without a clear unifying SD framework that addresses intergenerational gaps, 

successfully integrating legacy disposal sites into urban communities can prove to be a haphazard 

proposition. Ultimately, a lack of consideration of Time Horizons can undermine long-term efforts 

to achieve SD and fail to spread the costs and benefits of managing legacy disposal sites across 

generations. 

 

4.8 Chapter Conclusion 

Previously, I established that legacy land disposal sites represent a growing and material 

impediment to the lateral growth and inner-city “densification” of urban centers in Alberta and 

indeed, across North America. In doing so I conducted research into the unique issues presented 

by these types of sites by employing a hybrid framework; one that proposes an alternate SD 

taxonomy based on Technical, Regulatory, and Financial Silos, in combination with a Qualitative 

SD Risk-Analysis Tool. By then applying this framework to two legacy disposal sites in Alberta, 
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Canada, one that was managed in close alignment with an SD framework and the other one that 

was not, I demonstrated that current tools and frameworks may be inappropriate for use in 

managing different stages of the legacy disposal lifecycle. I have also highlighted that the inter- 

and intra- relational gaps between the Silos, identified earlier in this thesis, can produce counter-

productive outcomes, that include escalated management costs, delated project objectives, 

inconsistent regulatory engagement and increased risk to human health. All these considerations 

may act to undermine one or more Government of Alberta environmental policy objectives 

including “Productive Use” (ESRD, 2014a).  

 

Correspondingly, I have also demonstrated that these same gaps may be mitigated, to a large 

extent, through the appropriate application of established SD principles. These embody proactive 

stakeholder engagement, improved ESA processes and improved data quality (Technical Silo), 

commensurate and balanced regulatory frameworks (Regulatory Silo) and accurate, fully funded 

offsets for environmental labilities (Financial Silo). 

 

The purpose of this chapter was to elucidate the reasons why legacy disposal sites with similar 

profiles that are being managed in compliance with all applicable tools and frameworks, can arrive 

at such different outcomes. This contradiction was illustrated by the two contrasting case studies 

presented in Chapter 3. I contend that these variances stem directly from a Critical Decision Point 

that may arise during the lifecycle of a legacy disposal site and which may act to force responsible 

entity(ies) to make one of two decisions:  
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1) To Remediate/Risk Manage, seeking to settle the liability immediately and incur costs now, 

within the present generation; or,  

2) To Defer, Divest or Default (DDD), that is to say, not to seek to settle immediate liabilities and 

to forgo costs until a later date. Such decisions defer the costs to subsequent generations.  

 

It is my assertion, based on scholarly research and publicly available information, that when faced 

with these two strategies, the DDD option that tends to be most frequently selected regardless of 

whether the entity is a public or private organization. This would appear to be due primarily to the 

attractiveness of cost certainty and the contrasting liability uncertainty posed by Remedial/Risk 

Management strategies.  

 

In the first part of this chapter I defined the “Critical Decision Point” and established its importance 

to SD and the overall lifecycle of a legacy disposal site. In the second part, I contend that traditional 

Financial Discounting and Time-related Human Behaviors are at the nexus of the Critical Decision 

Point and that they caused outcomes that tend to undermine the key SD principle of generational 

equity. I also propose that Generational Adjusted Discounting (GAD) may present a solution to 

the inter- and intra-generational equity gap; however, I conclude that complexity and cost coupled 

with entrenched IFRS and PSAB frameworks and standards may work to prohibit widespread GAP 

adoption by small and medium sized governments.  

 

In the final part I introduced the novel concept of six discrete “Time Horizons” that exist within 

the estimated 600-year lifecycle of a legacy disposal site. These Time Horizons included: 1) 
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Calendar Years (1 year); 2) Fiscal Years (1 year), Government Electoral/Budget Cycles (4 years); 

Technological Change (10 years); and, 6) Urban Development Cycles (100 years).  

 

In sum, I posited that the discontinuities between these different Time Horizons can exacerbate the 

misalignment between the three Silos and ultimately may nullify any attempts to achieve intra-

generational equity, which is the cornerstone of SD. Furthermore, I argue that when an individual, 

corporation or government complies with the tools and frameworks embodied in the three disparate 

Silos, it then must contend with a critical decision point that is biased in favor of short-term 

decision strategies to “defer, divest or default”. In many cases, these factors may result in outcomes 

that are contrary to the Government of Alberta’s stated policy of “Productive Use” or the related 

principle of “Highest and Best Use”. In the final analysis, one could argue that the current system 

for managing the legacy disposal sites is broken and, at least in its current form, and does not align 

with the policy goals and objectives for SD. If one or more solutions to these dilemmas are not 

devised, these potentially valuable lands may remain underutilized, with associated costs to 

municipal governments that amount to millions of dollars in lost tax revenue or, conversely which 

put human health and the environment at serious risk.  

 

To address these challenges, I propose one possible solution, the Unified Sustainable Devolvement 

Framework, as discussed in Chapter 5.  
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Chapter Five: Conclusion – Unified Sustainable Development Framework 

 

“Sustainable development is a term that everyone likes, but nobody is sure of what it means (at 

least it sounds better than “unsustainable non-development”).” (Daly, 1996) 

 

5.1 Overview 

In this thesis, I undertook to develop a Unified Sustainable Development framework that addresses 

the gaps between three Silos of “Technical”, “Regulatory”, and “Financial”, and propose a long-

term management framework to safely and effectively integrate legacy land disposal sites into 

urban communities. In it, I have contended that there are three insular and disconnected Silos, 

individually referred to as “Technical”, “Regulatory” and “Financial” that govern the management 

of legacy disposal sites. Further to this, I developed a Qualitative Sustainable Development Risk-

Analysis Tool that uses these three conceptual Silos to create a Risk Profile summarizing the 

probability that a specific site will be successfully integrated into an urban community. It was also 

demonstrated that tools and frameworks within these three conceptual Silos may give rise to a 

Critical Decision Point (CDP) that can occur one or more times over the lifecycle of these sites. 

As part of my research, I then applied the Silo/Qualitative SD Risk-Analysis Tool approach to two 

legacy disposal sites; one in High River, Alberta and the other in Calgary, Alberta, so I could 

understand the effects of the CDP on long term decision making. The conclusions I have reached 

from this analysis are as provided below.  
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5.2 Major Conclusions/Gaps in Current Tools and Frameworks 

The major conclusions reached by this research are as follows: 

 

5.2.1 Inconsistent Outcomes 

Integrating legacy disposal sites into an urban community may pose a particular challenge to 

individuals, corporations and governments because: 

a) they were not designed or constructed according to any specific engineering standards or 

administrative controls;  

b) they may contain hazardous and toxic wastes, while the exact composition of the waste 

footprint is not typically known; 

c) they exist in a variety of physiographic settings, some in more environmentally sensitive 

settings than others;  

d) they can be treated as nuisance grounds, closed landfills or contaminated sites or a 

combination thereof. This may result in differing management strategies between sites;  

e) the full magnitude of the environmental liabilities may be misunderstood and 

underestimated; and,  

f) the “polluter” or the “entity(ies)” liable for the remediation/risk management costs may be 

defunct, insolvent or indeterminable.  

 

In sum, each legacy disposal site may be characterized by a number of site-specific criteria that 

make each unique and therefore more problematic to manage consistently and effectively.  
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5.2.2 Insular and Disconnected Management Tools and Frameworks 

The three Silos identified in this thesis employ a comprehensive set of tools and frameworks that 

satisfy a specific purpose. The “Technical-Silo” employs rigorous Environmental Site Assessment 

(ESA) processes that seek to identify and support mitigation of risks to human health and the 

environment (ESRD, 2014a). Within the context of the “Regulatory-Silo”, regulators often 

consider requirements for equivalent land capability, and associated measures for the prevention 

of adverse effects, in relation to past, present, and future environmental management decisions. 

Governments also tend to establish multitudinous policies acts, regulations, policies and guidelines 

that seek to preserve, recover and protect options for future land use and function in accordance 

with the principle of sustainable development. In Alberta, such principles are reflected in the 

Environmental Protection and Enhancement Act (EPEA) (Alberta, 2016b).  

 

Similarly, “Financial-Silos” establish a myriad of stringent standards, frameworks and processes 

to identify and account for actual and contingent environmental liabilities (IASB, 2001). Yet, 

despite this abundance of tools and frameworks within each Silo, many appear to be bereft of 

overarching best management principles or integrative strategies that could provide a template to 

better align all three Silos in practice, such that they produce consistent and effective SD outcomes 

at legacy land disposal sites. 

 

5.2.3 Preference for Defer, Divest and Default Strategies 

I have advanced the concept of a “Critical Decision Point”, one that culminates from the output of 

the three Silos that strongly incents individuals, corporations and governments alike to select one, 

or a combination of, DDD strategies. This process of decision-making often has the unintended 
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consequence of deferring the remediation/risk management of a legacy disposal site to some 

undefined point in the future that effectively assigns the costs to future generations. These 

outcomes may be contrary to the achievement of the objectives for a sound SD strategy for such 

sites. 

 

5.2.4 Inadequate Collection and Funding Mechanisms 

What may often emerge from the cost-benefit analysis performed by entity(ies) when they confront 

the Critical Decision Point is a profound and protracted funding gap. As was demonstrated earlier 

in this thesis, by the abundance of unresolved legacy land disposal sites, orphan well sites and 

pipelines and other brownfield/contaminated sites across North America, it is not uncommon for 

environmental liabilities to outstrip the resources available to settle them. The result is that these 

sites constitute an environmental impairment that may ultimately accrue to governments, who may 

discover subsequently that they also lack the financial resources to adequately settle such 

liabilities. 

 

5.2.5 Insufficient long-term environmental quality data 

Accurate and comprehensive geotechnical, chemical and geospatial data are essential to 

understanding the long-term risks posed by legacy disposal sites to human health and the 

environment across a variety of jurisdictions and physiographic settings. Currently, this type of 

information is unavailable or is not being collected and managed using environmental relational 

management software that integrates a suite of analysis, visualization and reporting tools, with a 

relational database. This makes it more difficult to identify trends, risks to human health and the 

environment and better understand the interrelationship between legacy disposal sites and their 
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physiographic settings. Ultimately, the lack of comprehensive environmental quality data 

undermines effective policy making and potentially places human health and ecological receptors 

at risk.  

 

5.3 Sustainable Development as a Quality Management System 

I contend that the major gaps in current tools and frameworks, as identified above, stem directly 

from the absence of an overarching or unifying framework, or structured management system, that 

is based on the principles of continual improvement. I also contend that the principles of SD 

identified previously are synonymous with the policies, principles and procedures within a Quality 

Management System (QMS) exemplified by ISO 9001 and correspondingly an Environmental 

Management System (EMS): ISO 14001. Therefore, I conclude that any proposed overarching or 

unifying framework sufficient to address the aforementioned gaps must be structured around a 

QMS/EMS. Management Systems (MS) and their policies, principles, frameworks, and tools 

embodied therein are being increasingly adopted across the private and public sectors, as well as 

not-for-profit organizations. Thus, the potential broader application of such principles to the 

management of disposal sites is not untenable. Following is a more detailed discourse regarding 

the importance of QMS/EMS in resolving the identified gaps.  

 

As has been demonstrated previously, adopting SD principles or considering the three Silos of 

sustainability in decision-making, is neither a necessary nor a sufficient condition for SD (Lang et 

al., 2007). It is an accepted principle that a precondition for the successful implementation of SD 

programs is the ability to optimize the functioning of a particular system, like a legacy disposal 

site, and then to ensure that its capability to achieve a favorable level of performance is maintained 
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under future demands and constraints. Laws et al. (2004) contend that some of the world’s pre-

eminent engineers and natural scientists have embraced a similar concept of SD, one that includes 

the following three aspects: “i) an ongoing inquiry process; which ii) assures the maintenance of 

a system within functional limits; and iii) induces an ethical relationship with the past and the 

future” (Laws et al., 2004). If it is accepted that these three points define SD, then I argue that 

Sustainable Development is merely a synonym for a “Quality Management System” (QMS) one 

based on the framework and principles espoused in ISO 9001:2016 (as amended). These are 

management frameworks that are designed to reduce uncertainty, to effectively manage 

complexity and also to account for Time Horizons in all decision-making (refer to Appendix C 

for a more comprehensive description of Management Systems). I submit that any failure by an 

entity or entities to achieve SD at a legacy land disposal site is, by definition, a QMS failure. 

 

Further evidence for this assertion is contained in each part of the SD definition provided above. 

The first part; i) embodies the notion of iterative inquiry, a never ending process that is constantly 

seeking answers and building on previous knowledge which is a concept parallel to “Continual 

Improvement”, a cornerstone of a QMS, set out in Canadian Standards Association (CSA, 2016) 

and for virtually all other management systems. For example, ISO 14001 is an equivalent and 

compatible standard to ISO 9001 that focuses on the environment, and describes continual 

improvement as a “process of enhancing the (environmental) management system in order achieve 

improvements in the overall (environmental) performance consistent with the organization’s clear 

environmental policy” (Martin et al., 2008). In sum, management systems designed to achieve a 

state of equilibrium or improvement must be forward looking, but adaptive, so as to incorporate 

previous experience into future decision-making and actions. 
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The second part of the definition of SD speaks of: ii) “maintaining a system within functional 

limits”. Consistent with the first part of the definition, it speaks to one or more key QMS elements: 

a) that the functional limits of the system (legacy disposal site) have been determined; and, b) that 

they can be reliably measured and managed in accordance with a defined set of performance 

metrics.  

 

The Canadian Standards Association (CSA) in ISO 14001 describes a QMS as a set of policies, 

processes and procedures necessary for successful planning and execution of the core 

competencies of organizations that may include goods and/or services, and public and private 

organizations, such that: “A QMS integrates the various internal processes within the organization 

and intends to provide a process approach for project execution. A Process Based QMS enables 

the organizations to identify, measure, control and improve the various core organizational 

processes that will ultimately lead to improved organizational performance” (CSA, 2016). It goes 

on to list a number of key attributes of a QMS, many of which align with the accepted definition 

of SD. 

 

“A QMS in its basic concept is quite simple. It seeks to:  

 Recognize the external quality related requirements specified in laws and legislation, 

guidelines, specified customer/stakeholder requirements, and the chosen management system 

standard(s); [my emphasis] 

 Ensure that all requirements have been documented within the management system in the 

appropriate location in terms of defined specific system requirements; 
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 Confirm that employees/stakeholders receive applicable training in the quality system 

requirements 

 Outline performance processes, where applicable, to the quality system requirements; 

 Produce records or evidence that system requirements have been met; 

 Measure, monitor and report the extent of compliance with these performance procedures; 

 Continually monitor and analyze changes to the requirements and confirm that all changes 

are reflected in changes to the specific requirements when necessary; 

 Execute the audit and analyze the system processes and correct them when necessary; and 

 Include processes that will help continually improve the quality system” (CSA, 2016). 

 

The final part (iii) of the SD definition speaks to “inducing an ethical relationship with the past”. 

This passage includes two critical concepts: ethics, a process to decide what is ‘good or right’ 

(Lumley, 1997) and time, a recognition of implications for the past, present and future within a 

context of how past decisions affect present and future outcomes. While these may be abstract and 

contentious concepts, they nonetheless constitute a nexus of SD. Moreover, I affirm that these 

concepts too may be usefully accommodated under the framework of a QMS/EMS management 

system.  

 

Ethical issues that arise with regard to SD typically center on the morality of applications of cost-

benefit analyses (Lumley, 1997), particularly those related to long-lived societal environmental 

issues such as fossil fuel use, global warming, landfills and legacy disposal sites. I contend that 

the iterative and process driven framework espoused by QMS/EMS also constitutes a stable 

platform from which to address ethical issues that may arise from the Critical Decision Point. 
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Recent iterations of the ISO 14001 Standard: (2015) that emphasize lifecycle assessments may 

also serve as a basis from which to assess ethical and inter-generational issues of fairness and 

equity (BSI, 2015). Correspondingly, issues related to time may also be gainfully considered 

within such management systems. Here again, both Standards (9001 and 14001) encompass the 

dimensions of time through the concepts of iterative, continual improvement that correspond to 

annual management system cycles and longer lifecycles associated with “quality” and the 

environment (Martin et al., 2008). 

 

5.4 A Unified Sustainable Development Framework (USD) 

As illustrated above, management challenges associated with the life-cycle of a legacy land 

disposal site can be convoluted, uncertain and costly. This may result in management strategies 

that run contrary to the objectives set by governments for the sites and may also result in the 

remediation and management costs ultimately to be borne by governments. Poor decision-making 

by stakeholders and sub-optimal management strategies at these sites derive from the gaps in 

current tools and frameworks identified above. The interactions between these gaps tends to be 

one of cause and effect. That is to say, the successful management of one issue may result in a 

positive benefit among others and vice versa. To consistently and effectively address these issues 

I propose a novel USD Framework that is based on the management system principles of lifecycle 

assessment and continual improvement, which can be seen in Figure 10. The USD seeks to 

reconcile the gaps identified above and simultaneously to resolve the management discontinuities 

introduced by time horizons. 
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Figure 10. Successful Integration of Unified Sustainable Development Framework
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I suggest that the USD may be employed by individuals, corporations and governments to assist 

in a more consistent and effective integration of legacy disposal sites  

into urban communities. Within this proposed framework is contained specific recommendations, 

as described below, that provide specific requirements for the practical application of the USD.  

 

5.5 Proposed Solutions Within Unified Sustainable Development Framework (USD) 

 

5.5.1 Implement Long-term SD Strategies Based on a QMS/EMS 

As shown, much of the life-cycle surrounding legacy disposal sites tends to be reactive and may 

generally be characterized by a “Silo” approach between the conceptual frameworks of technical, 

regulatory and financial management systems. I contend that what is required is a comprehensive, 

long-term SD strategy based on a Quality Management System/Environmental Management 

System (QMS/EMS), one that is predicated on a more complete integration of the Silos. ISO 9001 

(Quality) and a related Standard, ISO 14001 (Environment), collectively referred to hereinafter as 

the “Standards”, provide the necessary policies, principles, procedures and frameworks to 

demonstrate how Sustainable Development (SD) can be “operationalized”, that is, put into 

practical application through a Management System (MS) approach. I employ a MS approach to 

underpin the proposed Unified Sustainable Development (USD) framework, as it relates to the 

management of legacy disposal sites. The discussion provided below is not intended to provide an 

exhaustive analysis of either Standard, instead it seeks to introduce the key concepts of 1) “Process 

Approach”; 2) the Plan-Do-Check-Act (PDCA) cycle of continual improvement; and, 3) Quality 

Objectives. It should be noted that for the purposes of this thesis I refer to the PDCA cycle as the 
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“Plan, Execute, Review and Improve” or “PERI” cycle. There are no functional differences 

between PDCA and PERI. The change in acronyms is strictly to improve clarity among laypeople. 

 

5.5.1.1 ISO 9001 Quality Management Systems (QMS) 

ISO 9001 is a Standard that establishes requirements for a quality management system (QMS) that 

can be used for internal application by corporations and governments, or for external certification, 

or for contractual purposes. It focuses on ensuring that the organization through the QMS can 

consistently meet specific requirements or quality objectives. It is also intended to allow an 

entity(ies) to integrate one or more standards into the organization to achieve SD objectives. ISO 

9001 provides the following guidance with regards to the integration of different standards. 

“During the development of this International Standard (9001), due consideration was given to 

the provisions of ISO 14001:2004 to enhance the compatibility of the two standards for the benefit 

of the user community” (CSA, 2016). 

 

The design and implementation of an organization's quality management focuses on a Process 

Approach - one that prescribes a systemic step-by-step approach that considers quality objectives, 

regulatory requirements and other organization specific requirements. ISO 9001 promotes the 

adoption of a Process Approach when developing, implementing and improving the effectiveness 

of a quality management system that meets specific SD requirements (CSA, 2016). 

 

“For an organization to function effectively, it has to determine and manage numerous linked 

activities. An activity or set of activities using resources, and managed in order to enable the 

transformation of inputs into outputs, can be considered as a process. Often the output from one 
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process directly forms the input to the next. The application of a system of processes within an 

organization, together with the identification and interactions of these processes, and their 

management to produce the desired outcome, can be referred to as the Process Approach . . . An 

advantage of the process approach is the ongoing control that it provides over the linkage between 

the individual processes within the system of processes, as well as over their combination and 

interaction” (CSA, 2016). 

 

5.5.1.2 PDCA Cycle (“PERI”) 

The methodology known as “Plan-Do-Check-Act” (PDCA), or plan, execute, review, and improve 

(PERI) can be applied to all processes. PERI can be briefly described as follows. 

 

 Plan (Plan): establish the objectives and processes necessary to deliver results in 

accordance with customer requirements and the organization's policies. 

 Do (Execute): implement the processes. 

 Check (Review): monitor and measure processes and product against policies, objectives 

and requirements for the product and report the results. 

 Act (Improve): take actions to continually improve process performance (Martin et al., 

2008). 

 

The PERI cycle is the foundation for all Management Systems (MS) and is predicated in continual 

learning, which leads to continual improvement. ISO 9001 does not include requirements specific 

to other management systems, such as those particular to environmental management, 

occupational health and safety management, financial management or risk management. However, 
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it does facilitate alignment between a QMS and related management system requirements such 

that they can be used together, as in the case of managing legacy disposal sites. It is possible for 

an organization to adapt its existing management system(s) in order to establish a quality 

management system that complies with the requirements of the Standards (BSI, 2015). 

 

5.5.1.3 ISO 14001 Environmental Management System (EMS)  

This Standard provides organizations with a framework to protect the environment and respond to 

changing environmental conditions in balance with socio-economic needs. It specifies 

requirements that enable an organization to achieve the intended outcomes it sets for its 

environmental management system (Martin et al., 2008) It provides the following guidance with 

regards to SD. “Achieving a balance between the environment, society and the economy is 

considered essential to meet the needs of the present without compromising the ability of future 

generations to meet their needs. Sustainable development as a goal is achieved by balancing the 

three pillars of sustainability. Societal expectations for sustainable development, transparency and 

accountability have evolved with increasingly stringent legislation, growing pressures on the 

environment from pollution, inefficient use of resources, improper waste management, and climate 

change, degradation of ecosystems and loss of biodiversity. This has led organizations to adopt a 

systematic approach to environmental management by implementing environmental management 

systems with the aim of contributing to the environmental pillar of sustainability” (BSI, 2015). 

 

Similar to ISO 9001, 14001 recommends a systematic/process based approach to environmental 

management that can provide top management with information to build success over the long 

term and create options for contributing to SD by: 
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 Protecting the environment by preventing or mitigating adverse environmental impacts; 

 Mitigating the potential adverse effect of environmental conditions on the entity(ies); 

 Assisting the Entity(ies) in the fulfilment of compliance obligations; 

 Balancing intergenerational costs and benefits using a process/systemic approach 

 Enhancing environmental performance; 

 Employing a life cycle perspective that can prevent environmental impacts from being 

unintentionally shifted elsewhere within the life cycle; 

 Achieving financial and operational benefits that can result from implementing 

environmentally sound alternatives that strengthen the organization’s market position 

communicating environmental information to relevant interested parties (BSI, 2015). 

 

The theme of overall integration is a common one in most current management system thinking. 

In fact, many organizations no longer identify with distinct environmental management systems 

(EMS) or quality management systems (QMS). Instead, they consider operations management 

systems (OMS) that embody all elements at the same time, helping to achieve greater alignment 

and integration of the three “Silos”. Key concepts embodied in ISO 14001:2015 (as amended) 

follow this thinking and are as follows: 

 

1) Context of the Organization - how does the organization fit into the broader community;  

2) Leadership - top management must be actively engaged in EMS;  

3) Strategic Environmental Management - overall organizational strategy must align with EMS 

policy and objectives;  
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4) Risk Associated with Threats and Opportunities - organization must actively assess and mitigate 

risk;  

5) Life-cycle Perspective - aspects and impacts must consider full life-cycle;  

6) Value Chain Control and Influence - environmental considerations must extend up and down 

the entire value chain; and, 

7) Performance Evaluation - there is renewed emphasis on achieving measurable improvement 

not just “checking the boxes”. 

 

Importantly, using a MS framework proposed by the USD can be used to address the three key 

points that embody the operational concept of SD. They are as follows: 1) The “ongoing process 

of inquiry” can be addressed through the MS Process Approach; 2) “the maintenance of a system” 

(such as a legacy landfill) can be accomplished through establishing Quality Objectives; and, 3) 

“inducing an ethical relationship with the past and present” can be achieved through “PERI” or 

the cycle of Continual Improvement. In sum, the “PERI” cycle of continual improvement, in 

combination with Quality Objectives and the Process/Systemic Approach embodied in MS provide 

a suitable and effective framework for consistently and effectively managing legacy disposal sites 

and therefore achieving SD.  

 

5.5.2 Transparent and Accurate Recognition of Contingent Liabilities  

Both private companies and governments must improve the tools and methods they employ to 

accurately identify and disclose the financial and legal frameworks that underpin the effective 

management of legacy disposal sites, particularly for those with contingent liabilities as defined 

under IAS 37 or its IFRS equivalent (IASB, 2001). Moreover, an accurate identification and 
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recognition of the potential, full cost of remediation should be an auditable requirement for 

financial statements. Such financial disclosures would not preclude risk managed solutions but 

they must consider and clearly define the long-term environmental and financial liabilities of the 

affected parties. 

 

5.5.3 Central Database for Environmental Quality Assessment and Monitoring 

As suggested in the 1982 Lavalin report, governments should create and maintain a list of active 

and inactive landfill sites with a particular focus on the proactive identification of new and 

undiscovered legacy sites (Lavalin, 1982). The proposed database should also accommodate and 

integrate data for geospatial, geotechnical and chemical components so as to establish 

environmental quality baselines for all the identified sites. A better understanding of the long-term 

impacts to soil, water, sediment and air across different geographic regions will, in turn, aid in the 

understanding of risks posed to human health and the environment and it would also support 

effective decisions-making regarding future sustainable municipal development in and around 

these areas. 

 

5.5.4 Resolution Mechanisms  

Remediating/risk managing a legacy disposal site can cost millions of dollars and persist for 

decades or even centuries. In many cases the financial resources necessary to successfully integrate 

these types of sites into urban communities, based on sustainable development (SD) principles, 

can prove untenable. In order to properly address these future liabilities, some organizations create 

a sinking fund or reserve fund to cover the costs associated with future asset retirement obligations 

(ARO). Despite specific financial (IASB, 2001) and regulatory requirements (Alberta, 2012b) 
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compelling organizations to plan for and completely settle the liabilities associated with their 

ARO, corporations and governments across North America have discovered that there is an ever 

widening gap between the outstanding environmental liabilities and the funds available from 

corporations to remediate or risk manage them (Rogers and Atkins, 2015). In response to this, the 

Alberta Energy Regulator (AER), the provincial entity responsible for the safe and effective 

management of the oil and gas industry in Alberta, has created a “forced” funding mechanism 

through its “Netback” liability calculation, the requirements of which are established in Directives 

D001, D006 and D024. Under this scheme the proponent must conduct a Site Specific Liability 

Assessment (SSLA) that identifies all its deemed assets and liabilities. If the deemed assets equal 

the deemed liabilities then that proponent is not required to post a financial security with the AER; 

however, if the liabilities outweigh the assets, then it must cover that difference through a bond, 

letter of credit or another form of financial security (Alberta, 2012b). Unfortunately, the legacy of 

orphan well-sites, facilities and contaminated sites (OWA, 2017) bears testimony that this financial 

resolution mechanism, intended to support SD, may not be performing as it was originally 

intended. 

 

The successful implementation of the proposed solutions provided above are not likely to occur 

without a legislated, robust and comprehensive framework to ensure that sufficient funds are 

readily accessible to deal with the costs associated with legacy disposal sites. Currently, 

governments do not have a specific mechanism for the sole purpose of addressing these types of 

sites. The Government of Alberta currently maintains the “Environmental Protection Security 

Fund” the purpose of which is to hold security deposits to assure satisfactory land reclamation 

will be done as part of approvals received under the Act. When conditions of the approval are met 
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and a reclamation certificate is issued the funds are returned to the depositor (Alberta, 2016f). The 

fund includes specified activities for coal, oil and mining operations, hazardous waste and 

recyclable projects, quarries, waste management facilities, sand and gravel operations and metal 

production plants including active and inactive industrial and oil and gas landfills. However, and 

significantly, the Act does not include legacy disposal sites, including those not yet approved or 

that are yet undiscovered.  

 

My contention is that any levies, holdbacks or security deposits related to the remediation of legacy 

disposal sites should not be absorbed into general corporate or governmental operating budgets. I 

also suggest that the “Environmental Protection Security Fund” may not be a suitable resolution 

mechanism either. In order to ensure adequate funding is in place, monies collected must be 

specifically ear-marked and protected to ensure that they are indeed preserved and used for the 

intended purposes associated with future remediation. To this end, there are a number of current, 

proven set-aside mechanisms that serve as useful examples for this purpose. As described above, 

the Netback Calculation used by the oil and gas industry is one such mechanism that could be 

employed to cover any long-term liabilities associated with legacy disposal sites. However, the 

financial calculation that underlies the Netback Calculation is predicated on accurate and current 

estimates being made for liabilities. This may be problematic as evidenced by the burgeoning 

liabilities associated with orphan well sites, abandoned oil and gas infrastructure, and 

contaminated sites (Rogers and Atkins, 2015).  

 

Another more viable approach would be for governments to adopt a model similar to the one 

adopted by the National Energy Board of Canada that requires all regulated pipeline companies to 
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have financial set-aside mechanisms in place to provide for adequate pipeline abandonment (NEB, 

2014) (Refer to Appendix D for a model of collection and set-aside mechanisms). The purpose 

here is to ensure that the costs associated with the abandonment, decommissioning, remediation 

and reclamation of legacy disposal sites are adequately funded into the future.  

 

Most recently, in May of 2014, the National Energy Board of Canada (NEB) released a document 

titled “Reason for Decision, Set-aside and Collection Mechanisms MH-001-2013” (NEB 

Decision). In it, the NEB prescribes tools for collecting/accruing funds that meet specific tests and 

arm’s length third party requirements for remediating pipeline segments and related infrastructure 

at the end of it useful life. Unlike the AER “Netback Calculation” the NEB collection mechanisms 

typically takes the form of an ongoing levy on the throughput of oil, gas or other material passing 

through the pipeline. It also establishes methods for securing them (set-aside) with specific 

financial instruments (Trusts, Letters of Credit and Surety Bonds), such that any funds collected 

cannot be accessed by individuals, corporations or governments prior to certain dates and 

conditions. Most importantly, the NEB Decision requires that such sinking-type funds must 

accurately be presented in corporate statements of financial position along with full disclosure and 

rationalization in the Management Discussion and Analysis (MD&A) section (NEB, 2014). Once 

an asset has reached its end-of-life, the proponent is expected to remediate the site(s) and achieve 

regulatory closure using their own resources; however, if the proponent defaults on its statutory 

obligation to remediate, then the NEB may employ the set-aside funds to undertake the necessary 

remedial measures until such time that the site(s) in question complies with the applicable 

guidelines. While no resolution mechanism is without its drawbacks, the framework proposed by 

the NEB in the NEB Decision document referenced above does provide a more robust approach 



 

180 

to the collection and management of funds to settle future liabilities. By considering future 

liabilities now, and ensuring that remediation costs do not entirely fall to future generations, it 

intrinsically addresses intergenerational equity, the cornerstone of SD. I suggest that a similar 

model could be adopted by governments to address the unfunded liabilities associated with legacy 

disposal sites such that these levies could include the collection of a special, segregated tipping fee 

for all waste entering new landfills or the levying of a fee on greenfield developments and inner 

city re-development.  

 

Included in Appendix D, are the Summary of the NEB Decision and Model Documents for Trusts, 

Surety Bonds and Letter of Credit. They are included so that corporations and other governments 

such as municipal and provincial/state governments might consider them when developing suitable 

long-term strategies to ensure that the remediation/risk management costs associated with legacy 

disposal sites are adequately funded and balanced across generations. 

 

In sum, a collection mechanism used in unison with long-term sustainable management strategies, 

transparent and accurate recognition of contingent liabilities along with a centrally managed 

environmental database would work to greatly offset future negative effects from unfunded 

liabilities associated with legacy disposal sites in Alberta. However, the implementation of such 

proposed remedies would require statutory changes to existing regulatory frameworks, and a 

fundamental shift in the consideration of timeline horizons, considered when managing legacy 

disposal waste sites. 
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5.6 Final Discussion 

Rapid lateral urban expansion, in conjunction with a mandate for increased residential density, has 

forced urban planners, regulators, developers and communities to re-consider the valuable land in 

and around legacy land disposal sites within the broader context of sustainable development (SD). 

These sites are places where undifferentiated municipal, commercial, industrial wastes were 

historically disposed of onto the ground surface without regulatory approval or specific engineered 

or administrative controls. Existing tools and frameworks for managing the lifecycles of legacy 

disposal sites fit into one of three proposed “Technical-, Regulatory- and Financial- Silos” that 

tend to have been dealt with as insular, or disconnected, entities. It was also contended that the 

three Silos ultimately give rise to a Critical Decision Point that incents individuals, corporations 

and governments to adopt a “Defer, Divest or Default” (DDD) management strategy that can 

nullify any attempts to recognize intra-generational equity, and may be contrarian to the 

Government of Alberta’s stated policy of “Productive Use” or related principles of “Highest and 

Best Use”. Based on my research, one could argue that the current system for managing the legacy 

disposal sites is broken and, at least in its current form, does not align with the policy goals and 

objectives for SD. To address these issues, this thesis proposes a novel Unified Sustainable 

Development framework (USD) that includes a qualitative SD Risk Analysis within an iterative 

Quality and Environmental Management System (QMS/EMS). The proposed USD seeks to 

improve integration of the three Silos, discourage the selection of DDD management strategies 

and bridge the gaps that can emerge between the discrete “time horizons” in the lifecycle of a 

legacy disposal site. Two case studies of legacy disposal sites are presented to illustrate how the 

current tools and frameworks in the absence of a USD, or equivalent strategy, can produce 

divergent outcomes, some of which may not lead to a successful integration into urban 
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communities. To this end, several existing models for set-aside funding mechanisms to remediate 

and settle the environmental liability associated with legacy disposal sites are examined. These 

models could provide practical, and immediate, guidance to legislators and regulators for funding 

mechanisms that may enhance the potential for adequate remediation of such sites. It is asserted 

here that application of the USD framework in provincial/state governments and municipalities 

across North America may provide more consistent and effective outcomes for legacy disposal 

sites while facilitating alignment with SD policy goals; namely, achieving an enhanced balance of 

intergenerational costs and benefits. 
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Appendix C 

 

Overview  

The following section provides an overview of the concepts embodied in ISO 9001 (Quality) and 

a related Standard, ISO 14001 (Environment), collectively referred to hereinafter as the 

“Standards”. Specifically, it is intended to demonstrate how Sustainable Development (SD) can 

be “operationalized” - put into practical application through a Management System Approach. The 

purpose of providing this overview is to provide a background context for the Management 

Systems (MS) approach that underpins the proposed Unified Sustainable Development (USD) 

framework, as it relates to the management of legacy disposal sites and detailed elsewhere in this 

thesis. It is not intended to provide an exhaustive analysis of either Standard, instead it seeks to 

introduce the key concepts of 1) “Process Approach”; 2) the Plan-Do-Check-Act (PDCA) cycle of 

continual improvement; and, 3) Quality Objectives. All of which are presented in greater detail 

below. It should be noted that for the purposes of this thesis I refer to the PDCA cycle as the “Plan, 

Execute, Review and Improve” or “PERI” cycle. There are no functional differences between 

PDCA and PERI. The change in acronyms is strictly to improve clarity among laypeople. 

 

ISO 9001 Quality Management Systems (QMS) 

ISO 9001 is a Standard that establishes requirements for a quality management system (QMS) that 

can be used for internal application by corporations and governments, or for external certification, 

or for contractual purposes. It focuses on ensuring that the organization through the QMS can 

consistently meet specific requirements or quality objectives. It is also intended to allow an 

entity(ies) to integrate one or more standards into the organization to achieve SD objectives. ISO 
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9001 provides the following guidance with regards to the integration of different standards. 

“During the development of this International Standard (9001), due consideration was given to 

the provisions of ISO 14001:2004 to enhance the compatibility of the two standards for the benefit 

of the user community” (CSA, 2016). 

 

The design and implementation of an organization's quality management focuses on a Process 

Approach - one that prescribes a systemic step-by-step approach that considers quality objectives, 

regulatory requirements and other organization specific requirements. ISO 9001 promotes the 

adoption of a Process Approach when developing, implementing and improving the effectiveness 

of a quality management system that meets specific SD requirements (CSA, 2016). 

 

“For an organization to function effectively, it has to determine and manage numerous linked 

activities. An activity or set of activities using resources, and managed in order to enable the 

transformation of inputs into outputs, can be considered as a process. Often the output from one 

process directly forms the input to the next. The application of a system of processes within an 

organization, together with the identification and interactions of these processes, and their 

management to produce the desired outcome, can be referred to as the Process Approach . . . An 

advantage of the process approach is the ongoing control that it provides over the linkage between 

the individual processes within the system of processes, as well as over their combination and 

interaction (CSA, 2016)”. 

 

 

 



 

190 

PDCA Cycle (“PERI”) 

The methodology known as “Plan-Do-Check-Act” (PDCA), or plan, execute, review, and improve 

(PERI) can be applied to all processes. PDCA can be briefly described as follows. 

 

 Plan (Plan): establish the objectives and processes necessary to deliver results in 

accordance with customer requirements and the organization's policies. 

 Do (Execute): implement the processes. 

 Check (Review): monitor and measure processes and product against policies, objectives 

and requirements for the product and report the results. 

 Act (Implement): take actions to continually improve process performance (Martin et al., 

2008). 

 

The PERI cycle is the foundation for all Management Systems (MS) and is predicated in continual 

learning which leads to continual improvement. ISO 9001 does not include requirements specific 

to other management systems, such as those particular to environmental management, 

occupational health and safety management, financial management or risk management. However, 

it does facilitate alignment between a QMS and related management system requirements such 

that they can be used together, as in the case of managing legacy disposal sites. It is possible for 

an organization to adapt its existing management system(s) in order to establish existing 

management system(s) in order to establish a quality management system that complies with the 

requirements of the Standards (BSI, 2015). 

 

ISO 14001 Environmental Management System (EMS)  
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This Standard provides organizations with a framework to protect the environment and respond to 

changing environmental conditions in balance with socio-economic needs. It specifies 

requirements that enable an organization to achieve the intended outcomes it sets for its 

environmental management system (Martin et al., 2008) It provides the following guidance with 

regards to SD. “Achieving a balance between the environment, society and the economy is 

considered essential to meet the needs of the present without compromising the ability of future 

generations to meet their needs. Sustainable development as a goal is achieved by balancing the 

three pillars of sustainability. Societal expectations for sustainable development, transparency and 

accountability have evolved with increasingly stringent legislation, growing pressures on the 

environment from pollution, inefficient use of resources, improper waste management, and climate 

change, degradation of ecosystems and loss of biodiversity. This has led organizations to adopt a 

systematic approach to environmental management by implementing environmental management 

systems with the aim of contributing to the environmental pillar of sustainability” (BSI, 2015). 

 

Similar to ISO 9001, 14001 recommends a systematic/process based approach to environmental 

management can provide top management with information to build success over the long term 

and create options for contributing to SD by: 

 

 Protecting the environment by preventing or mitigating adverse environmental impacts; 

 Mitigating the potential adverse effect of environmental conditions on the Entity(ies); 

 Assisting the Entity(ies) in the fulfilment of compliance obligations; 

 Balancing Intergenerational costs and benefits using a process/systemic approach 

 Enhancing environmental performance; 
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 Employing a life cycle perspective that can prevent environmental impacts from being 

unintentionally shifted elsewhere within the life cycle; 

 Achieving financial and operational benefits that can result from implementing 

environmentally sound alternatives that strengthen the organization’s market position 

communicating environmental information to relevant interested parties (BSI, 2015). 

 

The Standards on ensuring that organizational strategy, operational processes and the MS do not 

function as disparate systems - they are to fully aligned and integrated when they are employed to 

management a legacy disposal site. The theme of overall integration is a common one in most 

current management system thinking. In fact, many organizations no longer identify with distinct 

environmental management systems (EMS) or quality management systems (QMS) - instead they 

consider operations management systems (OMS) that embody all elements at the same time.  

 

Key concepts embodied in ISO 14001:2015 (as amended) follow this thinking and are as follows:  

 

1) Context of the Organization - how does the organization fit into the broader community;  

2) Leadership - top management must be actively engaged in EMS;  

3) Strategic Environmental Management - overall organizational strategy must align with EMS 

policy and objectives;  

4) Risk Associated with Threats and Opportunities - organization must actively assess and mitigate 

risk;  

5) Life-cycle Perspective - aspects and impacts must consider full life-cycle;  
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6) Value Chain Control and Influence - environmental considerations must extend up and down 

the entire value chain; and, 

7) Performance Evaluation - there is renewed emphasis on achieving measurable improvement 

not just “checking the boxes” 

 

Importantly, using a MS framework proposed by the USD can be used to address the three key 

points that embody the operational concept of SD. They are as follows: 1) The “ongoing process 

of inquiry” can be addressed through the MS Process Approach; 2) “the maintenance of a system” 

(such as a legacy landfill) can be accomplished through establishing Quality Objectives; and, 3) 

“inducing an ethical relationship with the past and present” can be achieved through “PERI” or 

the cycle of Continual Improvement. In sum, the “PERI” cycle of continual improvement, in 

combination with Quality Objectives and the Process/Systemic Approach embodied in MS provide 

a suitable and effective framework for consistently and effectively managing legacy disposal sites 

and therefore achieving SD.  
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Appendix D 

 

Overview  

As described in detail earlier in this thesis, the costs associated with remediating/risk managing 

legacy disposal sites can cost millions of dollars and persist for decades or even millennia. In many 

cases the financial resources necessary to successfully integrate these types of sites into urban 

communities, based on sustainable development (SD) principles, can prove untenable. In order to 

properly address these future liabilities, some organizations create a sinking fund or reserve fund 

to cover the costs associated with future asset retirement obligations (ARO). Despite specific 

financial (IASB, 2001) and regulatory requirements (Alberta, 2012b) compelling organizations to 

plan for and completely settle the liabilities associated with their ARO, the Province of Alberta 

along with Provincial/State and Federal Governments across North America have discovered that 

there is an ever widening gap between the outstanding environmental liabilities and the funds 

available to remediate or risk manage them (Rogers and Atkins, 2015). For example, the Alberta 

Energy Regulator (AER) the provincial entity responsible for the safe and effective management 

of the oil and gas industry in Alberta, has created a “forced” funding mechanism through its 

“Netback” liability calculation that is established in Directives D001, D006 and D024. Under this 

scheme the proponent must conduct a Liability Assessment that identifies all its deemed assets and 

liabilities. If the assets equal the liabilities then that proponent is not required to post an financial 

security with the AER; however, if the liabilities outweigh the assets, then it must cover that 

difference through a bond, letter of credit or another form of financial security (Alberta, 2012b). 

The posited security is then held in the Environmental Protection Security Fund by the Provincial 

Government of Alberta in (Alberta, 2016f). Unfortunately, the legacy of orphan well-sites, 
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facilities and contaminated sites (OWA, 2017) bears testimony that this financial resolution 

mechanism that is intended to support SD may not be performing as it was originally intended. 

 

The purpose of this section is to provide several resolution mechanisms that attempt to address the 

issues identified above and may be put in place by current governments across North America to 

ensure that the costs associated with the abandonment, decommissioning, remediation and 

reclamation of legacy disposal sites are adequately funded into the future.  

 

Most recently, several compelling resolution mechanisms have been developed for the oil and gas 

industry in Alberta that specifically address the long-term ARO associated with pipeline 

infrastructure. In May of 2014, the National Energy Board of Canada (NEB) released a document 

titled “Reason for Decision, Set-aside and Collection Mechanisms MH-001-2013” (NEB 

Decision). In it the NEB describes specific tools for collecting/accruing funds for remediating 

pipeline segments and related infrastructure at the end of it useful life. Unlike the AER “Netback 

Calculation” the NEB collection mechanisms typically takes the form of a levy on the throughput 

of oil, gas or other material that passes through the pipeline. It also establishes methods for securing 

them (set-aside) with specific financial instruments (Trusts, Letters of Credit and Surety Bonds), 

such that any funds collected cannot be accessed by individuals, corporations or governments prior 

to certain dates and conditions. Once an asset has reached its end-of-life, the proponent is expected 

to remediate the site(s) and achieve regulatory closure using their own resources; however, if the 

proponent defaults on its statutory obligation to remediate, then the NEB may employ the set-aside 

funds to undertake the necessary remedial measures until such time that the site(s) in question 

complies with the applicable guidelines. While no resolution mechanism is without its drawbacks, 
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the framework proposed by the NEB in the NEB Decision document referenced above does 

provide a more robust approach to the collection and management of funds to settle future 

liabilities. By considering future liabilities now, and ensuring that remediation costs do not entirely 

fall to future generations, it intrinsically addresses intergenerational equity, the cornerstone of SD.  

 

It is not within the scope of this thesis to provide a comprehensive analysis of the various set-aside 

mechanisms provided in below. However, a brief description of the guiding principles that 

maintain these financial tools is included for context, and their applicability to legacy disposal 

sites. 

 

Included below, are the Summary of the NEB Decision and Model Documents for Trusts, Surety 

Bonds and Letter of Credit. They are included here so that corporations and other governments 

such as municipal and provincial/state governments might consider them when developing suitable 

long-term strategies to ensure that the remediation/risk management costs associated with legacy 

disposal sites are adequately funded and balanced across generations. 
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Extracted from NEB Decision (NEB, 2014) 

 

Disposition            
 

In May 2009, the Board issued its RH-2-2008 Reasons for Decision that set out guiding principles 

and considerations, and a list of attributes for any mechanism that would set aside funds for 

pipeline abandonment. It also established a five-year Action Plan for all NEB-regulated 

companies, including Group 2 companies. The tenth and final step of the Action Plan specified 

that the NEB issue decisions on Group 1 companies’ set-aside and collection mechanisms by 31 

May 2014. The decisions contained within these reasons complete the tenth step and conclude the 

RH-2-2008 Action Plan. 

 

By 1 January 2015, NEB-regulated pipeline companies must have a mechanism in place that will 

provide adequate funds to pay for pipeline abandonment. Few companies are exempt. Pipeline 

companies must establish a trust or provide a letter of credit issued by a Schedule 1 bank or a 

surety bond supplied by a surety company regulated by the Office of the Superintendent of 

Financial Institutions. A trust, when properly constructed, can be a suitable mechanism to set aside 

funds for pipeline abandonment. However, the question of whether any particular trust is suitable, 

and whether it meets the principles and attributes set out by the Board in the RH-2-2008 Reasons 

for Decision, depends on the terms and conditions that govern the trust. The Board accepts Souris 

Valley’s proposed trust agreement provided minor modifications are made. The Board does not 

accept the trust framework proposed by the Joint Applicants. The Board was not persuaded that 

the Joint Applicants’ proposal would adequately protect the trust funds. 

 

Since the question of whether any particular trust is suitable depends on the terms and conditions 

that govern the trust, the Board will require pipeline companies to provide their proposed trust 

agreements. To assist pipeline companies, this decision provides guidance and direction for trust 

agreements, including indicative terms and a model trust agreement. 

 

All companies proposing a trust also proposed to use the QET provisions of the Income Tax Act. 

The Board supports using the QET as it is tax-efficient. The QET provisions also limit the type of 

investments that can be made with the trust funds. 

 

Within the confines of the investments specified in the QET provisions of the Income Tax Act, 

fixed income portfolios and balanced portfolios may both be appropriate investment approaches, 

depending on the circumstances and risk tolerance of each pipeline company. The interests of all 

parties bearing risk and sharing in the benefits of investment performance must be taken into 

account in determining a trust’s risk tolerance and in developing the investment strategy. 

 

The Board approves most companies’ collection period as proposed. The Board also approves the 

cost allocation methodologies proposed by each pipeline company, with one exception. Few 

concerns were expressed about how funds were to be collected. 
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The Board reminds pipeline companies and shippers that the amount to be collected and set aside 

for pipeline abandonment is not subject to negotiation as part of a settlement agreement. 

 

A letter of credit or a surety bond, which provides a backstop for a pipeline company’s obligation 

to pay for pipeline abandonment, can be a suitable set-aside mechanism. However, like a trust, the 

question of whether these instruments are reasonable depends on their terms. These Reasons for 

Decision provide a model letter of credit and a model surety bond. 

 

Other mechanisms proposed by the Applicants are not appropriate because they do not have a third 

party – who is independent of the pipeline company and whose financial strength is easily 

verifiable on an ongoing basis – to provide security to pay for pipeline abandonment. 

 

Generally, the Board did not exempt pipeline companies who argued that their abandonment costs 

are immaterial. In the Board’s view, the public’s interest in having funds available to abandon a 

pipeline safely outweighs the cost to the pipeline company of providing acceptable coverage. 

 

The Board expects pipeline companies will retire different components of their systems at different 

times. Pipeline companies have a responsibility to identify and manage the risk that funds will be 

needed before full coverage is reached even though there is inherent uncertainty in future 

abandonment timelines. The Board directs Group 1 and Group 2 companies to file a preliminary 

abandonment funding plan in time for the next Board review. 

 

The amount of abandonment funds being set aside must be included in annual reports filed with 

the Board. The Board will, at regular intervals, publicly review companies’ estimates of the cost 

of abandoning a pipeline, the coverage provided by their set-aside mechanisms, and the 

assumptions about how those funds will grow. Landowners, landowner organizations and shippers 

have an interest in staying informed about the money set aside to pay to abandon pipelines. To 

allow for greater transparency and facilitate consultation, the Board expects pipeline companies to 

consider specific tools to communicate information about abandonment funding. 

 

Some companies declared that they would not set aside funds to pay for pipeline abandonment. 

Others ignored this proceeding. The Board requires each of these companies to provide a set-aside 

mechanism. Compliance with Board orders is not optional. The Board has the ability to compel 

compliance through its enforcement process.  
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Model Trust Agreement          
 

THIS TRUST AGREEMENT made as of the _____ day of ___________________, 2014. 

 

BETWEEN: 

 

[NAME OF TRUST COMPANY], a licensed trust company with an office located in the 

City of XX in the Province of [enter city and Province where Trustee is located],  

[abbreviated name of trust company] 

 

AND: 

 

[NAME OF NEB-REGULATED PIPELINE COMPANY SETTLING AND 

CONTRIBUTING TO THE TRUST], a corporation incorporated under [specify what 

laws the company is incorporated under],  

[abbreviated name of pipeline company] 

 

WHEREAS [abbreviated name of pipeline company] holds the regulatory authorization 

allowing it to operate the pipeline described in Schedule “A” to this trust agreement; 

 

AND WHEREAS [abbreviated name of pipeline company] is subject to regulation by the 

National Energy Board under the National Energy Board Act (Canada) [or the Canada Oil and 

Gas Operations Act, if applicable]; 

 

AND WHEREAS on 26 May 2009 the National Energy Board issued the RH-2-2008 

Reasons for Decision, which required each person holding an authorization to operate a pipeline 

under the National Energy Board Act (Canada) or the Canada Oil and Gas Operations Act 

(Canada) to file a proposed process and mechanism to set aside funds to pay for the reclamation 

obligations in respect of the sites in Canada used for the operation of a pipeline; 

 

AND WHEREAS on 12 March 2013, the National Energy Board issued the MH-001-2013 

Hearing Order, establishing how it would consider each set-aside mechanism proposed; 

 

AND WHEREAS on XX, the National Energy Board ordered [insert abbreviated name of 

the pipeline company] to set aside funds using a trust structure to pay for the reclamation 

obligations in respect of the sites in Canada used by [abbreviated name of the pipeline company] 

for the operation of the pipeline described on Schedule “A” to this trust agreement; 

 

AND WHEREAS in satisfaction of the requirements imposed by the National Energy 

Board, [abbreviated name of the pipeline company] has created a trust the fund of which will be 

used to accumulate funds to meet the discharge of its reclamation obligations for the sites in 

Canada used by [abbreviated name of the pipeline company] for the operation of the pipeline 

described on Schedule “A” to this agreement; 
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AND WHEREAS [abbreviated name of the trust company] has agreed to hold the 

reclamation funds in accordance with the terms and conditions of this trust agreement; 

 

NOW, THEREFORE, THIS TRUST AGREEMENT WITNESSETH that in 

consideration of the promises and of the mutual covenants herein contained, it is hereby mutually 

covenanted, agreed and acknowledged by and between the parties hereto that any property 

contributed by [abbreviated name of the pipeline company] to [abbreviated name of the trust 

company] under this trust agreement shall be held by [abbreviated name of the trust company] in 

trust on the terms set out herein. 

 

ARTICLE 1: DEFINITIONS  

 

1.01 In this trust agreement, the following words or phrases have the following meanings: 

 

a) “Abandon” and “Abandonment” have the meaning set out in the definition of “abandon” 

in the Onshore Pipeline Regulations (Canada), as amended from time to time;  

 

b) “Agreement” means this instrument, as amended from time to time, which instrument is 

the vehicle for the trust here created; 

 

c) “Annual Contribution Amount”  

 

[Insert definition if the pipeline company is collecting money through a toll surcharge.] 

 

means the amount collected annually to pay for the future cost to Abandon the pipeline 

described in Schedule “A” to this Agreement; 

 

[If amounts for pipeline abandonment are recovered through a line item in the pipeline 

company’s revenue requirement, or are self-funded, then strike this definition and do 

not use it in section 2.02 of this Agreement.]  

 

c) “Beneficiary” and “Beneficiaries” mean the person or persons, including the “company” 

(as defined hereafter), having, while entitled to benefit from the “fund” (as defined 

hereafter), “reclamation obligations” (as defined hereafter), in respect of the “site” (as 

defined hereafter); 

 

d) “Business Day” means any day except a Saturday, Sunday or a statutory holiday in the 

Province of [Enter province]; 

 

e) “Company” means the person holding the regulatory authorization(s) for the time being 

to operate the pipeline described in Schedule “A” to this Agreement; 
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f) “Company’s Notice of Termination” has the meaning set out in section 3.04 of this 

Agreement;  

 

h) “Deactivate” and “Deactivation” mean the same thing as the definition of “deactivate” in 

the Onshore Pipeline Regulations (Canada), as amended from time to time;  

 

i) “Decommission” and “Decommissioning” mean the same thing as the definition of 

“decommission” set out in the Onshore Pipeline Regulations (Canada), as amended from 

time to time; 

 

j) “Default” has the meaning set out in section 4.05 of this Agreement;  

 

k) “Fund” means collectively: (i) all amounts held from time to time by the “trustee”, (as 

defined hereafter), in accordance with this Agreement, including any amounts paid to the 

“trustee” (as defined hereafter) under any section of this Agreement, and (ii) any interest 

or return from investing such amounts;  

 

l) “Fund Property” has the meaning set out in section 3.03 of this Agreement;  

 

m) “NEB Act” means the National Energy Board Act (Canada), as amended from time to 

time;  

 

n) “New Trust Fund” has the meaning set out in section 2.05 of this Agreement (if 

applicable);  

 

[This definition is to be removed if the law applicable to the trust is one which has abolished 

the rule against perpetuities.]  

 

o) “Orphan Pipeline Fund” means a not-for-profit organization to be established pursuant 

to a statute of the Parliament of Canada whose purpose includes paying for the cost to Abandon 

a pipeline constructed or operated under a statute of the Parliament of Canada; 

 

p) “Pipeline” means the pipeline described in Schedule “A” to this Agreement;  

 

q) “Qualified Investments” means all or any of those investments that from time to time are 

qualified investments for a “qualifying environmental trust” as defined in the Income Tax 

Act (Canada), and for greater certainty, such qualified investments on the date hereof 

include only those types of property described in paragraphs [enter the applicable 

paragraph numbers from section 204 of the Income Tax Act] of the definition of “qualified 

investment” in section 204 of the said Act that are not encompassed within the definition 

of “prohibited investment” in subsection 211.6(1) of the said Act as more particularly set 

out in Schedule “B”; 

 

r) “Reclamation Obligations” means:  
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i) the duty to carry out the physical Abandonment, Decommissioning or Deactivation of 

the Pipeline, including costs incurred to satisfy any conditions imposed by the tribunal 

(as defined hereafter) in any order or direction approving the Decommissioning or 

Deactivation of the Pipeline or granting leave to Abandon the Pipeline;  

ii) the duty to develop an Abandonment plan, and to prepare an application for leave to 

Abandon or for approval of the Deactivation or Decommissioning of the Pipeline; and  

iii) the duty to carry out post-abandonment monitoring and remediation of the “site” (as 

defined hereafter), where post-abandonment refers to the period of time after a 

Company has satisfied the conditions of an order or direction issued by the tribunal (as 

defined hereafter) granting leave to Abandon;  

and all costs incurred and consequent thereon. 

s) “Site” means the location or locations in Canada used by a company for the operation of 

the Pipeline;  

t) “Tax Act” means the Income Tax Act (Canada), as amended from time to time;  

u) “Tribunal” means the National Energy Board, a board established under the NEB Act or 

any successor administrative body having authority to regulate the Company in respect of 

the operation and Abandonment of the Pipeline;  

v) “Trust” means the relationship between a “trustee” (as defined hereafter) and a Beneficiary 

or Beneficiaries, including the obligations of the “trustee” (as defined hereafter) towards 

the Beneficiary or Beneficiaries both personal and with regard to the Fund, and the 

corresponding rights of a Beneficiary, whether those obligations and rights are created at 

law or by the terms of this Agreement;  

w) “Trustee” means a trust company licenced under the Trust and Loan Companies Act 

(Canada) for the time being appointed under this Agreement to hold the office of trustee; 

and  

x) “Trust Term” or “Term” shall have the meaning set out in section 2.05 of this Agreement.  

 

[The definition of Trust Term is to be deleted if the law applicable to the trust is the law of 

a jurisdiction that has abolished the rule against perpetuities.] 

ARTICLE 2: CREATION OF THE TRUST  

 

2.01 Qualifying Environmental Trust: 
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It is the express intention of the parties hereto for the Trust settled under this Agreement to 

constitute a “qualifying environmental trust” as defined in subsection 211.6(1) of the Tax Act, as 

amended or replaced from time to time. This Agreement shall be read and interpreted in light of 

and consistently with the definition or “qualifying environment trust” in the Tax Act, and the 

Company, Beneficiaries and Trustee shall ensure that no actions are taken which would jeopardize 

the status of this Trust as a “qualifying environmental trust”.  

 

2.02 The Trust: initial transfer and contributions  

 

The Company settles the Fund irrevocably upon the Trustee, to be administered upon the terms 

and subject to the conditions set out in this Agreement. In furtherance of the foregoing, the 

Company agrees to transfer to the Trustee, on an annual basis, an amount equivalent to  

 

[Insert: (i) the Annual Contribution Amount (if using a surcharge); (ii) the dollar amount of the 

line item in the pipeline company’s revenue requirement (if collecting funds through the revenue 

requirement); (iii) the annual amount determined pursuant to Appendix XIV of the MH-001-2013 

Reasons for Decision (if self-funding on an annual basis); or (iv) the entire present value of the 

ACE (if self-funding upfront). 

 

2.03 The Trust: discretionary as to two or more beneficiaries  

 

The Fund is held by the Trustee on trust for one or several Beneficiaries, the Trustee having a 

power to appoint among the Beneficiaries at discretion from the Fund responding at the time of 

payment to the then existing Reclamation Obligations of each Beneficiary. The Trustee may make 

payment to or for the benefit of the appointed Beneficiary, that is, either to the Beneficiary, or to 

a person or persons named by the Tribunal to conduct work in the reclaiming of the Site. Before 

making any discretionary payment the Trustee must receive the approval of the Tribunal at 

discretion to the payment, which approval will cover both the reclamation need being addressed 

and that person or those persons that are instructed to carry out the reclamation.  

 

2.04 The Trust: appropriation of surplus funds  

 

If property remains in the Fund after all Reclamation Obligations of the Beneficiaries are 

discharged, then the Trustee, with the approval of the Tribunal, may distribute the Fund or any part 

thereof among any of the Beneficiaries and Orphan Pipeline Fund as the Trustee in its sole 

discretion sees fit.  

 

2.05 The Trust: duration (or term) of the Trust  

 

[In the case where the jurisdiction selected has abolished the rule against perpetuities]: This 

Agreement shall have no specific term but shall commence on the date first mentioned above and 

shall continue until terminated in writing by the Company, with the approval of the Tribunal. 

 

OR  
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[In the case where the jurisdiction selected has not abolished the rule against perpetuities]: This 

Agreement terminates (the “Trust Term”) no later than the expiration of 21 years after the date 

of death of the last surviving lineal descendent of Queen Elizabeth II who was alive on the date 

the Trust is created, or in the case of Ontario, Alberta, British Columbia, the Northwest Territories, 

the Yukon, and Nunavut, upon the expiration of the period permitted by the perpetuities or 

perpetuity legislation respectively of those jurisdictions. Not more than five years prior to the 

expiration of the Trust Term, and provided that the Company is not in Default, the Trustee shall 

pay the Fund to the Company, and the Company covenants upon receipt of the Funds, to establish, 

at once, a new irrevocable trust upon the terms and subject to the same conditions set out in this 

Agreement (“the New Trust Fund”), and to contribute to the New Trust Fund the entirety of the 

Fund. 

 

ARTICLE 3: APPOINTMENT, RESIGNATION, AND REMOVAL OF A TRUSTEE  

 

3.01 Appointment  

 

The Company has the power to appoint a Trustee, with the approval of the Tribunal. The Trustee, 

and any replacement Trustee, on accepting such appointment agrees to act as Trustee of the Fund 

in accordance with the terms and conditions of this Agreement.  

 

3.02 Resignation  

 

A Trustee desiring to resign the office shall in writing notify the Company 30 days prior to the 

intended resignation date and during this period the Company, as provided in section 3.01, shall 

appoint a replacement Trustee with the approval of the Tribunal. The replacement Trustee shall 

take title or possession of the Fund and Fund Property without delay.  

 

3.03 Obligation of Trustee upon termination  

 

Following termination of the Trustee’s appointment and subject to its rights hereunder, the Trustee 

shall continue to hold in trust: 

 

(a) the Fund; and  

 

(b) all documents, information, and books and records created, received or maintained by the 

Trustee which relate to or arise or have arisen in connection with the performance by the 

Trustee of its duties hereunder (collectively hereinafter referred to as the “Fund Property”).  

 

3.04 Removal  

 

(a) If the Company delivers a written notice (“Company’s Notice of Termination”) to the 

Trustee specifying the intent to terminate the appointment of the Trustee hereunder, then in 

such a circumstance, such appointment shall terminate on the 30th day following the date that 

the Company’s Notice of Termination was received (or was deemed to have been received) 

by the Trustee.  
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(b) A Trustee shall cease to hold the office of Trustee if convicted of an offence involving 

dishonest conduct, becomes insolvent with the appointment of a receiver or is in bankruptcy 

proceedings, or being a corporation that is dissolved or in liquidation. With the approval of 

the Tribunal the Company shall appoint an interim corporate Trustee regulated under the Trust 

and Loan Companies Act (Canada), as amended from time to time. The predecessor Trustee, 

upon receipt of payment for any outstanding amount for its services and expenses then unpaid, 

shall transfer, deliver and pay over to such successor Trustee, the Fund and all Fund Property 

on deposit with or in the possession of such predecessor Trustee hereunder. The interim 

Trustee will take title to the Trust Fund, and take possession of all assets deposited with the 

predecessor Trustee, and secure the same. The interim Trustee is entitled to call for and receive 

all Trustee contributions that are due, accounting to a permanent replacement Trustee when 

such is appointed. 

 

ARTICLE 4: THE DUTIES AND POWERS OF THE TRUSTEE 

 

4.01 Responsibilities of the Trustee  

 

The duties and obligations of the Trustee shall be determined solely by the law and the provisions 

of this Agreement, and accordingly the Trustee shall be responsible only for the performance of 

such duties and obligations. 

 

4.02 Trustee Receipt of Funds  

 

(a) The Company may, from time to time, deliver or cause to be delivered to the Trustee funds 

constituting regular contributions, and all such funds so delivered shall be received by the 

Trustee and held in a trust account upon the terms and conditions herein set forth, only to be 

disbursed or dealt with in accordance with the terms hereof. 

 

(b) The Trustee shall be solely responsible for all funds delivered to it.  

 

4.03 Investment of Fund  

 

(a) The Trustee will invest and maintain the Fund invested in authorized (or qualified) 

investments for qualifying environmental trusts under the terms of the Tax Act. 

 

(b) The Trustee will have and be vested with the power to retain, invest or reinvest, any cash, 

funds or property constituting the whole or any part of the Fund in Qualified Investments that 

the Trustee will in its absolute discretion consider advisable including, without limitation, any 

Qualified Investments that are deposits, investment products or obligations issued or 

administered by the Trustee or its affiliates, or by any one of more of its affiliates or 

subsidiaries, notwithstanding that such investments may not be investments authorized by law 

for trustees or that it may be considered a delegation of its investments duties. 
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Optional, to be used if a delegate of trustee does investing:  

The Trustee is authorized to delegate investment to a manager, and thereto the Trustee may 

appoint and retain [enter name of trustee affiliate] or any of its affiliates or subsidiaries, or any 

successors thereof, or any corporation with which [name of affiliate] has amalgamated or as a 

result of any reorganization has become a part thereof, to assist in the investment and 

reinvestment of the Fund, and to exercise any powers or functions relating to the investment 

and reinvestment of such assets in such manner, on such terms and conditions, and for such 

remuneration payable from the Trust, as the Trustee, in the Trustee’s absolute discretion, 

considers advisable, and as the Trustee shall specify in writing, including, without limitation, 

the power at any time and from time to time to choose, acquire, dispose of or change any such 

investments or reinvestments and to sub-delegate to another any such powers or functions so 

conferred on it by the Trustee. Subject to section 4.10 of this Agreement, the Trustee is hereby 

further authorized to act on the opinion, advice or information obtained from [name of affiliate], 

or from any such affiliate, subsidiary or successor as hereinbefore described, and shall not be 

responsible for any loss occasioned by so acting or by not so acting as the case may be, nor 

shall the Trustee be responsible nor incur any liability for any loss that may be occasioned by 

any investment decision or delegation of investment decisions authorized herein and made by 

the Trustee, by [name of affiliate], by any such affiliate, subsidiary or successor, or by any such 

sub-delegate.  

 

Optional, to be used if affiliate of trustee does investing: In conferring on the Trustee the 

authority herein described, it is acknowledged that [name of affiliate] is affiliated with the 

Trustee and that such appointment may be made by the Trustee irrespective of any such 

relationship between them. 

 

Optional, to be used if affiliate of trustee does investing: The Trustee is further authorized, at 

any time, to terminate such retainer and to appoint and retain any person or corporation, other 

than [name of affiliate], to assist in the investment and reinvestment of the Fund, including, 

without limiting the generality of the foregoing, any such person who is employed by, or any 

such corporation which is an affiliate or subsidiary of, [name of affiliate] or the Trustee, or a 

successor hereof, and so on, from time to time, and the terms hereof shall apply, with necessary 

modifications, to any such other person or corporation so appointed the Trustee. 

 

(c) Interest or other investment proceeds paid on the Fund shall be credited to the Fund.  

 

(d) At the end of each calendar year during which the Trustee has held the Fund, the Trustee shall 

cause to be issued to the then Company a form T-5, or other form as appropriate pursuant to 

the Tax Act, in respect of any interest or other income earned on the Fund.  

 

(e) All earnings received from the investment of the Fund shall be credited to, and shall become 

part of, the Fund (and any losses on such investments shall be debited to the Fund). The 

Trustee shall have no liability for any investment losses resulting from investments made by 

the Trustee in accordance with the terms of this Agreement, including any losses on any 

investment required to be liquidated prior to maturity in order to make a payment required 

pursuant to the terms of this Agreement, and any losses resulting from a loss of opportunity. 
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The Trustee shall have no liability to any person should it be unable to invest all or any portion 

of the Fund as aforesaid for any period of time, provided that it has made commercially 

reasonable efforts to do so.  

 

4.04 Funds to be Used for Reclamation  

 

Subject to Article 5, all funds deposited by a company with the Trustee as required hereunder and 

all investments, reinvestments and accretions thereto, the Trustee shall draw upon solely for the 

purpose of funding the discharge of the Reclamation Obligations of the Beneficiaries of the Trust. 

 

For greater certainty, access to the Fund, including the precise amount of the Fund to be released 

for payment of amounts required to satisfy Reclamation Obligations of the Beneficiaries of the 

Trust, is subject to the Tribunal’s approval on the facts of the particular case before it. 

 

4.05 Release of Funds to the Company  

 

The Trustee may release funds, which are held in accordance with this Agreement, to pay for the 

Reclamation Obligations of a Beneficiary, on presentation by a Beneficiary of: 

 

(a) a written direction or an order from the Tribunal confirming the amount to be disbursed from 

the Fund, the timing of the disbursement and the identity of the Beneficiary to receive the 

funds; and 

 

(b) a certificate of an officer of the Beneficiary confirming that the Beneficiary has not (1) ceased 

to carry on business; (2) become insolvent or committed any act of bankruptcy; (3) filed a 

petition for bankruptcy, or suffered a petition for bankruptcy being filed, against it; (4) made 

any proposal to or sought arrangement with its creditors; (5) made an assignment for the 

benefit of creditors; (6) appointed or suffered the appointment of a receiver in respect of its 

property and/or assets; or (7) had or suffered proceedings being commenced (voluntarily or 

involuntarily) for the liquidation, dissolution or winding up of itself (“Default”), and that to 

the officer’s knowledge, the Beneficiary will not suffer Default within a year following the 

date of the certificate of the officer.  

 

On receipt of the Tribunal’s written direction or order, and the certificate of an officer of the 

Beneficiary, the Trustee shall release the requested funds to it. 

 

4.06 Release of Funds to a Third Party  

 

The Trustee may release funds that are held in accordance with this Agreement to any third party 

for the purposes of funding the discharge of the Reclamation Obligations of a Beneficiary on 

presentation of a written direction or an order from the Tribunal, with such direction or order 

confirming the amount to be disbursed from the Trust Fund, and the timing of the disbursement. 

On receipt of the written direction or order, the Trustee shall release the requested funds to the 

third party set out in the order or direction of the Tribunal. 
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4.07 Duties of the Trustee Regarding Release of the Requested Funds  

 

The funds which are to be released in accordance with sections 4.05 and 4.06 shall be obtained by 

the Trustee calling in or redeeming certain investments which it holds in the Trust, provided that 

the Trustee shall only call in or redeem those investments after consultation with the Company.  

 

4.08 Sale of the Pipeline or a Portion Thereof  

 

For greater certainty, monies from the Fund may be released in accordance with this Agreement 

upon the Tribunal’s direction or order approving the sale, assignment, transfer or other disposition 

of the Pipeline or a portion thereof from a Beneficiary to another person pursuant to paragraphs 

74(1)(a), (b) and (c) of the NEB Act. 

 

4.09 Books, Records and Accounts  

 

(a) The Trustee shall maintain proper and accurate books, records and accounts of all transactions 

affected or controlled by the Trustee hereunder including, without limitation, the receipt, 

investment, reinvestment and disbursement of monies from the Fund, and shall provide the 

Company with the following, on or before the 15th Business Day following the last day of 

each month: 

 

(i) statement of account or report showing all funds transferred to the Trustee during the 

immediately preceding month; 

 

(ii)  statement of account or report showing all relevant information concerning the funds 

held by the Trustee including, without limitation, information detailing all investments 

made, reinvestment undertaken, investment income earned, and disbursement of funds 

during the immediately preceding month; and  

 

(iii) any other report or information reasonably requested by the Tribunal or the Company.  

 

(b) The Trustee shall, on reasonable prior notice and during normal business hours, make 

available to and permit the officers, employees and authorized agents of the Tribunal or the 

Company and/or the auditors of the Company to inspect all books, records and accounts 

required to be maintained by the Trustee, in connection with this Agreement or as required by 

law.  

 

4.10 Standard of Care 

 

In the exercise and discharge of its obligations and duties at law or hereunder, the Trustee shall act 

honestly and in good faith and shall: 

 

(a) Exercise that degree of care, diligence and skill that a reasonably prudent person functioning 

in the office of Trustee would exercise in comparable circumstances; 

 



 

209 

(b) Comply with any and all applicable laws, rules and regulations in respect of the Trustee’s 

dealing with, or handling of the Fund pursuant to the terms hereof; and 

 

(c) Be responsible for loss occasioned by reason of the failure of the Trustee to comply with its 

obligations at law or duties under this Trust, or its negligence or willful misconduct on the 

part of itself, its employees, officers or agents.  

 

4.11 Appointment of Agents 

 

(a) The Trustee may appoint such agents and employ or retain such legal counsel, accountants, 

appraisers or other experts or advisors as may be reasonably required for the purpose of 

discharging its duties hereunder and shall not be responsible for any misconduct on the part of 

any of them except as provided in section 4.10(c). The Trustee may pay out of the Fund 

reasonable remuneration for all services performed for it in the discharge of its duties hereunder 

without taxation for costs or fees of any counsel, solicitor or attorney, including solicitor fees 

on a solicitor and own client basis. [The last sentence of this paragraph should only be included 

if the pipeline company determines that these withdrawals are permitted by the QET provisions 

of the Income Tax Act.] 

 

(b) Provided the agent was properly appointed by the Trustee in accordance with section 4.10, the 

Trustee may act in good faith on the opinion or advice of, or information obtained from, any 

agent, legal counsel, accountant, appraiser or other expert of advisor retained or employed by 

it, in relation to any matter arising in the performance of its duties under this Agreement. 

 

4.12 Safekeeping of Funds 

 

So far as is allowed by law, the Trustee shall control and hold in Trust, in such form and manner 

as may be necessary to impress a Trust thereon as against any creditor or creditors of the 

Beneficiaries, all funds held pursuant to the terms hereof until such funds are disbursed or 

otherwise dealt with in accordance with the terms and conditions of this Agreement. 

 

4.13 Acceptance of Obligations 

 

The Trustee hereby accepts the covenants and obligations set out in this Agreement and agrees to 

discharge the same upon the terms and conditions herein set forth, and to hold and exercise the 

rights, privileges and benefits conferred upon it by this Agreement for the purposes of the Trust.  

 

4.14 Decision to Act or Not Act  

 

The Trustee shall retain the right not to act and shall not be held liable for refusing to act unless it 

has received clear documentation which complies with the terms of this Agreement. Such 

documentation must not require the exercise of any discretion or independent judgment on the part 

of the Trustee. 
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4.15 Trustee Not to Expend Own Funds  

 

None of the provisions contained in this Agreement shall require the Trustee to expend or risk its 

own funds or otherwise incur personal financial liability in the performance of any of its duties or 

in the exercise of any of its rights or powers.  

 

ARTICLE 5: REMUNERATION AND EXPENSES OF THE TRUSTEE  

 

5.01 Trustee’s Fees and Expenses of the Trustee  

 

[This section should only be included if Company determines that this withdrawal is permitted by 

the QET provisions of the Income Tax Act.]  

 

The Company and the Trustee shall, from time to time, agree to reasonable remuneration to be 

paid out of the Fund to the Trustee for its services hereunder and as of the date hereof. The Trustee 

is also entitled to be reimbursed out of the Fund for all reasonable expenses, disbursements and 

advances incurred or made by the Trustee in the administration of its duties hereunder (including, 

without limitation, legal fees and expenses on a solicitor and own client basis and the reasonable 

compensation and disbursements of all other advisers, agents or experts employed or retained 

pursuant to this Agreement), provided that the Trustee shall first deliver to the Company true 

copies of all invoices, statements or receipts in relation thereto or in evidence thereof. 

 

5.02 Payment of Trustee Fees  

 

[This section should only be included if Company determines that the following withdrawals are 

permitted by the QET provisions of the Income Tax Act.] 

 

In the event the Trust created under this Agreement becomes liable to or subject to any fees or 

other amounts due to the Trustee pursuant to Section 5.01 hereof, the Trustee shall be entitled to 

withdraw monies from the Fund to pay such fees or other expenses without prior approval or 

instruction of the Tribunal. 

 

5.03 Payment by the Trustee of Taxes 

 

[This section should only be included if the Company determines that the following withdrawals 

are permitted by the QET provisions of the Income Tax Act.] 

 

In the event the Trust created hereunder becomes liable to or subject to any taxes under the Tax 

Act or otherwise, the Trustee shall be entitled to make payment of such taxes out of the Fund to 

the appropriate taxing authority without prior approval or instruction of the Tribunal, provided the 

Trustee has received notification as to the amount of taxes owing by reference to an assessment 
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from the appropriate taxing authority or a signed copy of the Trust’s annual tax return for that year 

from the Company. For greater certainty, subject to section 4.10, the Trustee shall have no duty or 

responsibility to confirm the calculation of the amount of tax owing by the Trust, and shall be 

entitled to rely on the calculations in any assessment or annual tax returns provided to the Trustee. 

 

ARTICLE 6: INDEMNIFICATION OF THE TRUSTEE 

 

6.01 Indemnity 

 

In addition to and without limiting any other protection of the Trustee hereunder or otherwise by 

law, the Company shall indemnify and hold the Trustee harmless from any and all liabilities, 

losses, claims, damages, penalties, actions, suits, demands, levies, costs, expenses and 

disbursements including any and all reasonable legal and adviser fees and disbursements of 

whatever kind of nature including legal feels on a solicitor and own client basis which may at any 

time be suffered by, imposed on, incurred by or asserted against the Trustee, whether groundless 

or otherwise, howsoever arising from or out of any act, omission or error of the Trustee in 

connection with its acting as Trustee hereunder, unless the claim arising from the conduct of the 

Trustee fails to comply with its obligations at law or under this Agreement including, without 

limitation, the provisions of section 4.10 hereof, or otherwise the negligence or willful misconduct 

on the part of the Trustee, its employees, or officers. Notwithstanding any other provision hereof, 

this indemnity shall survive the removal, or resignation of the Trustee, and termination of this 

Agreement. 

 

ARTICLE 7: AMENDMENT AND TERMINATION OF THE TRUST 

 

7.01 Amendment 

 

The Company and the Trustee may agree to amend the terms of the Trust, including the terms of 

this Agreement. No amendment to the terms of the Trust and the terms of this Agreement are 

binding or effective unless the Tribunal approves the amendment. 

 

7.02 Trust Irrevocable 

 

The Trust, and the schedules thereto, which are hereby incorporated into the Trust, may not be 

revoked by the Company or Beneficiaries acting as a whole, or the Trustee, except that the Tribunal 

in its total discretion may direct a termination of the Trust, and order such successive arrangements 

as are appropriate. 

 

ARTICLE 8: NOTICES 

 

8.01 Acting on Written Notice 
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The Trustee shall not incur liability for acting upon any written notice, request, consent, certificate, 

receipt, affidavit, statutory declaration or other paper or document furnished to it by or on behalf 

of any person authorized to do so by the terms of this Agreement, not only as to its due execution 

and the validity and effectiveness of its provisions but also as to the verity of any information 

therein contained, provided the Trustee is acting properly and reasonably in accepting the 

representations made to it. 

 

8.02 Mode of Giving Notice 

 

Any notice or other document required to be given or delivered hereunder will be valid and 

effective if given by registered letter (postage prepaid), courier, by personal delivery or by fax 

addressed by the party to whom such notice is to be given, and will be deemed to have been 

effectively delivered on: 

 

(a) the date of actual delivery, if couriered or personally delivered during normal 

business hours of the party to whom such notice is delivered (and if not, on the next 

following Business Day); or  

 

(b) the first Business Day following the date of the fax, if faxed; or  

 

(c) on the fifth Business Day after effectual posting, if sent by mail.  

 

8.03 Addresses of the Parties  

 

The addresses of the parties for purposes of this section shall be as follows, but may be changed 

by any party by the delivery of notice of such change in accordance with the notice requirements 

hereof:  

 

[insert name and addresses of parties]  

 

or to any other address notified by any party to the other parties. 

 

8.04 Address of the Tribunal  

Any notice or other document required to be given or delivered to the Tribunal shall be addressed 

to:  

Secretary  

National Energy Board  

517 – 10th Avenue S.W.  

Calgary, Alberta, T2R 0A8  

 

ARTICLE 9: MISCELLANOUS 
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9.01 Assignment and Enurement 

 

This Agreement shall be binding upon the parties hereto and their respective successors and 

permitted assigns. No party may assign this Agreement or any benefits or obligations hereunder 

without the approval of the Tribunal. 

 

9.02 Applicable Law 

 

This Agreement (and any amendments hereto) shall be governed by the law of the Province of 

[insert name of province] and the laws of Canada applicable therein. 

 

9.03 Severability 

 

In the event that any provisions hereof shall be determined to be invalid or unenforceable in any 

respect, such determination so far as the law permits shall not affect any other provision in any 

other respect or any other provision hereof, all of which shall remain in full force and effect. 

 

9.04 Entire Agreement and Amendment 

 

For greater certainly, this Agreement represents the entire agreement amongst the parties 

respecting the Trust, and supersedes all prior discussions, agreements and understandings of every 

kind and nature amongst them. 

 

9.05 Right to disclose 

 

The Trustee shall have the right to disclose any information disclosed or released to it if in the 

opinion of the Trustee, or its legal counsel, it is required to disclose under any applicable laws, 

court order or administrative directions. The Trustee shall not be responsible or liable to any party 

for any loss or damage arising out of or in any way sustained or incurred relating to such disclosure. 

 

9.06 Merger, Consolidation, Amalgamation 

 

Any company with which the Trustee may be merged, consolidated or amalgamated will become 

the successor Trustee hereunder without any further action on the part of the Trustee. 

 

9.07 Review of Agreement  

 

This Agreement shall be reviewed by the parties and the Tribunal at least every five (5) years, or 

earlier if directed by the Tribunal. 
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[This space intentionally left blank; execution page to follow] 
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IN WITNESS WHEREOF the parties hereto have executed this Agreement as of the day 

and year first set forth above.  

 

 

[ENTER NAME OF TRUST COMPANY]  

 

 

Per: _____________________________ 

 

Per: _____________________________  

 

 

[ENTER NAME OF COMPANY]  

 

 

Per: _____________________________  

 

Per: _____________________________ 
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Schedule “A” 

 

 

[Accurately describe the pipeline i.e. where and how far it extends, under what instruments it was 

authorized i.e. NEB Orders/Certificates numbers, and insert a map showing the pipeline] 
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Schedule “B” 

 

The relevant paragraphs of the definition of “qualified investment” in section 204 currently 

read as follows:  

 

(a) money (other than money the fair market value of which exceeds its stated value as legal 

tender in the country of issuance or money that is held for its numismatic value) and 

deposits (within the meaning assigned by the Canada Deposit Insurance Corporation Act 

or with a branch in Canada of a bank) of such money standing to the credit of the trust,  

 

(b) debt obligations described in paragraph (a) of the definition “fully exempt interest” in 

subsection 212(3) [being a bond, debenture, note, mortgage, hypothecary claim or similar 

debt obligation 

 

(i) of, or guaranteed (otherwise than by being insured by the Canada Deposit Insurance 

Corporation) by, the Government of Canada,  

(ii) of the government of a province,  

(iii) of an agent of a province,  

(iv) of a municipality in Canada or a municipal or public body performing a function of 

government in Canada,  

(v) of a corporation, commission or association to which any of paragraphs 149(1)(d) 

to (d.6)1 applies or  

 

___________________________ 
1 The relevant paragraphs read as follows: 

 

(d) [corporations owned by the Crown] – a corporation, commission or association all of the 

shares (except directors’ qualifying shares) or of the capital of which was owned by one or more 

persons each of which is Her Majesty in right of Canada or Her Majesty in right of a province; 

 

(d.1) [corporations 90% owned by the Crown] – a corporation, commission or association not 

less than 90% of the shares (except directors’ qualifying shares) or of the capital of which was 

owned by one or more persons each of which is Her Majesty in right of Canada or Her Majesty in 

right of a Province; 

 

(d.2) [wholly-owned [by Crown corporation] corporations] – a corporation all of the shares 

(except directors’ qualifying shares) or of the capital of which was owned by one or more persons 

each of which is a corporation, commission or association to which this paragraph or paragraph 

(d) applies for the period; 
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(d.3) [90% [Crown] owned corporations] -- a corporation, commission or association not less 

than 90% of the shares (except directors’ qualifying shares) or of the capital of which was owned 

by:  

(i) one or more persons each of which is Her Majesty in right of Canada or a Province or a 

person to which paragraph (d) or (d.2) applies for the period, or 

 

(ii) one or more municipalities in Canada in combination with one or more persons each of 

which is Her Majesty in right of Canada or a Province or a person to which paragraph (d) 

or (d.2) applies for the period; 

 

(d.4) [combined [Crown] ownership] -- a corporation all of the shares (except directors’ 

qualifying shares) or of the capital of which was owned by one or more persons each of which is 

a corporation, commission or association to which this paragraph or any of paragraphs (d) to (d.3) 

applies for the period; 

 

(vi) of an educational institution or a hospital if repayment of the principal amount of the 

obligation and payment of the interest is to be made, or is guaranteed, assured or 

otherwise specifically provided for or secured by the government of a province],  

 

(c) debt obligations issued by 

 

(i) a corporation, mutual fund trust or limited partnership the shares or units of which 

are listed on a designated stock exchange in Canada,2 

 

(ii) (ii) a corporation the shares of which are listed on a designated stock exchange 

outside Canada,3 or  

 

(iii) an authorized foreign bank4 and payable at a branch in Canada of the bank, 

 

 

______________________________________________________________________________ 

 
(d.5) [[municipally-owned corporation earning] income with boundaries of entities] – subject to subsections (1.2) 

and (1.3), a corporation, commission or association not less than 90% of the capital of which was owned by one or 

more entities each of which is a municipality in Canada, or a municipal or public body performing a function of 

government in Canada, if the income for the period of the corporation, commission or association from activities 

carried on outside the geographical boundaries of the municipalities does not exceed 10% of its income for the period; 

 

(d.6) [subsidiaries of municipal corporations] -- subject to subsections (1.2) and (1.3), a particular corporation all 

of the shares (except directors’ qualifying shares) or of the capital of which was owned by one or more entities (referred 

to in this paragraph as “qualifying owners”) each of which is a corporation, commission or association to which 

paragraph (d.5) applies, a corporation to which this paragraph applies, a municipality in Canada, or a municipal or 

public body performing a function of government in Canada, if no more than 10% of the particular corporation’s 

income for the period is from activities carried on outside 
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(i) if a qualifying owner is a municipality in Canada, or a municipal or public body performing a function of 

government in Canada, the geographical boundaries of each such qualifying owner, 

 

(ii) if paragraph (d.5) applies to a qualifying owner, the geographical boundaries of the municipality, or 

municipal or public body, referred to in that paragraph in its application to each such qualifying owner, and 

 

(iii) if this paragraph applies to a qualifying owner, the geographical boundaries of the municipality, or 

municipal or public body, referred to in subparagraph (i) or paragraph (d.5), as the case may be, in their 

respective applications to each such qualifying owner. 

 
2 A “designated stock exchange” is defined in subsection 248(1) of the Tax Act as a stock exchange, or that part of a 

stock exchange, for which a designation by the Minister of Finance under Section 262 of the Tax Act is in effect. 

Section 262 gives the Minister the authority to designate a stock exchange or part thereof for the purposes of the 

Act. Pursuant to subsection 262(4) of the Tax Act, the Minister of Finance is required to post on the internet website 

of the Department of Finance or by any other means considered appropriate, the names of the stock exchanges or 

parts thereof that are designated under Section 262. The current list can be found at http://www.fin.gc.ca/act/fim-

imf/dse-bvd-eng.asp. In Canada, the designated stock exchanges include the Canadian National Stock Exchange 

(CNSX), the Montreal Exchange, the TSX Venture Exchange (Tiers 1 and 2) and the Toronto Stock Exchange. 

 
3 Ibid. The Department of Finance website referred to also includes the list of designated stock exchanges outside 

Canada. 

 
4 An “authorized foreign bank” is defined in subsection 248(1) of the Tax Act as having the meaning in Section 2 of 

the Bank Act (Canada), being “a foreign bank that is the subject of an order under subsection 524(1)”. Subsection 

524(1) states that on application by a foreign bank, the Minister may make an order permitting the foreign bank to 

establish a branch in Canada to carry on business in Canada under Part XII.1 of the Bank Act (Canada). The definition 

of “foreign bank” is found in Section 2 of the Bank Act. It reads: 

 

(c.1) debt obligations that meet the following criteria, namely, 

 

(i) any of  

 

(A) the debt obligations had, at the time of acquisition by the trust, an investment 

grade rating with a prescribed credit rating agency,5 

(B) the debt obligations have an investment grade rating with a prescribed credit 

rating agency,6 or, 

(C) the debt obligations were acquired by the trust in exchange for debt obligations 

that satisfied the condition in clause (A) and as part of a proposal to, or an 

arrangement with, the creditors of the issuer of the debt obligations that has been 

approved by a court under the Bankruptcy and Insolvency Act or the Companies’ 

Creditors Arrangement Act, and  

 

(ii) either 
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(A) the debt obligations were issued as part of a single issue of debt of at least $25 

million, or,  

(B) in the case of debt obligations that are issued on a continuous basis under a debt 

issuance program, the issuer of the debt obligations had issued and outstanding 

debt under the program of at least $25 million,  

 

(d) securities (other than futures contracts or other derivative instruments in respect of which 

the holder’s risk of loss may exceed the holder’s cost) that are listed on a designated stock 

exchange,7 and 

______________________________________________________________________________ 

 
“foreign bank”, subject to Section 12, means an entity incorporated or formed by or under the laws of a country 

other than Canada that 

 

is a bank according to the laws of any foreign country where it carries on business, (b) carries on a business in 

any foreign country that, if carried on in Canada, would be, wholly or to a significant extent, the business of banking, 

(c) engages, directly or indirectly, in the business of providing financial services and employs, to identify or describe 

its business, a name that includes the word “bank”, “banque”, “banking” or “bancaire”, either alone or in combination 

with other words, or any word or words in any language other than English or French corresponding generally thereto, 

(d) engages in the business of lending money and accepting deposit liabilities transferable by cheque or other 

instrument, (e) engages, directly or indirectly, in the business of providing financial services and is affiliated with 

another foreign bank, (f) controls another foreign bank, or (g) is a foreign institution, other than a foreign bank within 

the meaning of any of paragraphs (a) to (f), that controls a bank incorporated or formed under this Act,  

 

but does not include a subsidiary of a bank named in Schedule I as that Schedule read immediately before the 

day section 184 of the Financial Consumer Agency of Canada Act comes into force, unless the Minister has 

specified that subsection 378(1) no longer applies to the bank. 

 
5 Pursuant to regulation 4900(2) of the Income Tax Regulations (Canada), the following are prescribed credit rating 

agencies for the purposes of section 204: A.M. Best Company Inc.; DBRS Limited; Fitch, Inc.; Moody’s Investors 

Service Inc.; and Standard & Poor’s Financial Services LLC. 

 
6 Ibid. 

 

(e) guaranteed investment certificates issued by a trust company incorporated under the laws 

of Canada or of a province. 

 

The definition of “prohibited investment” in subsection 211.6(1) reads as follows: 

 

“prohibited investment”, of a trust at any time, means a property that 

 

(a) at the time it was acquired by the trust, was described by any of paragraphs (c), (c.1) or (d) 

of the definition “qualified investment” in section 204; and 

 

(b) was issued by 
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(i) a person or partnership that has contributed property to, or that is a beneficiary under, 

the trust, 

 

(ii) a person that is related to, or a partnership that is affiliated with, a person or partnership 

that has contributed property to, or that is a beneficiary under, the trust, or  

 

(iii) a particular person or partnership if  

(A) another person or partnership holds significant interest (within the meaning 

assigned by subsection 207.01(4) with any modifications that the 

circumstances require)853in the particular person or partnership, and  

 

(B) the holder of that significant interest has contributed property to, or is a 

beneficiary under, the trust.  

 

 

 

 

______________________________________________________________________________ 
7 Supra note 2. 

 
8 Subsection 207.01(4) reads: 

 

(4) [Significant interest] – An individual has a significant interest in a corporation, partnership or trust at 

any time if 

 

(a) in the case of a corporation, the individual is a specified shareholder of the corporation at that 

time […];  

 

(b) in the case of a partnership, the individual, or the individual together with persons and 

partnerships with which the individual does not deal at arm’s length, holds at that time interests as a 

member of the partnership that have a fair market value of 10% or more of the fair market value of 

the interests of all members in the partnership; and 

 

(c) in the case of a trust, the individual, or the individual together with persons and partnerships with 

which the individual does not deal at arm’s length, holds at that time interests as a beneficiary (in 

this paragraph, as defined in subsection 108(1)) under the trust that have a fair market value of 10% 

or more of the fair market value of the interests of all beneficiaries under the trust.  
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NEB - Model Letter of Credit         
 

Sample/Template LOC 

 

Irrevocable Letter of Credit No.: 

 

Date Issued: 

 

 

 

BENEFICIARY: 

 

Her Majesty The Queen in Right of Canada,  

as represented by the National Energy Board  

517 – 10th Avenue S.W.  

Calgary, AB T2R 0A7 

 

Applicant: 

 

[INSERT NAME OF NEB REGULATED COMPANY + ADDRESS] 

 

Amount: [INSERT AMOUNT] 

 

Pursuant to the National Energy Board Act, the National Energy Board’s RH-2-2008 decision, 

[INSERT BOARD LETTER DECISION APPROVING THE COMPANY’S ACE] and MH-001-

2013 decision (the Regulatory Requirements) 

 

We hereby authorize you to draw on Bank [INSERT SCHEDULE 1 CANADIAN CHARTERED 

BANK], for account of [INSERT PIPELINE COMPANY], up to an aggregate amount of X 

Million and 00/100’s Canadian Dollars (CADX,000,000.00) available on demand. 

 

Pursuant to the request of our customer, the said [INSERT PIPELINE COMPANY], we, Bank 

[INSERT SCHEDULE 1 CANADIAN CHARTERED BANK + ADDRESS OF MAIN 

CALGARY BRANCH], hereby establish in your favor our Irrevocable Letter of Credit (the ‘Letter 

of Credit’) in the total amount of [INSERT AMOUNT OF ACE] and 00/100’s Canadian Dollars 

(CADX,000,000.00), which may be drawn on by you at any time and from time to time upon 

written demand for payment made upon us by you which demand we shall honor without enquiring 

whether you have a right as between yourself and our said customer to make such demand, and 

without recognizing any claim of our said customer. 

 

Partial and multiple drawings are permitted. 

 

Your demand(s) may be presented to at Bank [INSERT SCHEDULE 1 CANADIAN 

CHARTERED BANK + ADDRESS OF MAIN CALGARY BRANCH]. The original of this 
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Letter of Credit must be presented for endorsement by us of the amount drawn or when the full 

amount of this Letter of Credit has been drawn for cancellation. 

 

The amount of this Letter of Credit may be reduced from time to time only by amounts drawn 

upon it by you or by formal notice in writing given to us by you if you desire such reduction or are 

willing that it be made. 

 

This Letter of Credit will continue up to [INSERT DATE] (the ‘Expiration Date’), and you may 

call for payment of the full amount outstanding under this Letter of Credit at any time up to the 

close of business on that date, unless at that time, our business is interrupted by Acts of God, riots, 

civil commotions, insurrections, wars or any other causes beyond our control or by any strike or 

lockouts, in which case this Letter of Credit will not expire until the 30th day after the first day of 

business following resumption of our business. 

 

It is a condition of this Letter of Credit that it shall be deemed to be automatically extended, without 

amendment, for one (1) year from the above Expiration Date or any future expiration date hereof, 

unless at least sixty (60) days before any such date we notify you in writing by registered 

mail/courier and fax, that we elect not to consider this Letter of Credit renewed for any such 

additional period. 

 

We hereby agree that drawings under this Letter of Credit will be duly honored upon presentation 

and shall state on their face that they are drawn under Bank [INSERT SCHEDULE 1 CANADIAN 

CHARTERED BANK + ADDRESS OF MAIN CALGARY BRANCH], Letter of Credit No. 

[INSERT INSTRUMENT NUMBER] dated Month Day, Year. 

 

Except insofar as otherwise expressly stated, this Letter of Credit is subject to the Uniform 

Customs and Practice for Documentary Credits (2007) Revision, International Chamber of 

Commerce, Paris, France, Publication no. 600. 

 

BANK NAME 

 

 

 

 

________________________  ________________________ 

Signing Officer     Authorized Signing Officer 
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NEB - Model Surety Bond        
 

To: Her Majesty the Queen in Right of Canada  

As Represented by the National Energy Board (the “Board”) 

 

CERTIFICATE / ORDER NUMBER: ________________ AMOUNT: $________________ 

Bond Number: 

 

PIPELINE: ___________________________________________________________________ 

 

Known all men by these presents that we, ______________ (the “Principal”) ______________ 

Company (the “Surety”) are jointly and severally bound to Her Majesty the Queen in Right of 

Canada as Represented by the National Energy Board (the “Board”), in the sum of AMOUNT 

($___), lawful money of Canada, for the payment of which sum, well and truly to be made, the 

Principal and Surety bind themselves, their heirs, executioners, administrators, successors and 

assigns, jointly and severally, by this bond. 

 

WHEREAS the Principal has a regulatory authorization issued under the National Energy Board 

Act to operate a pipeline. 

 

WHEREAS the Principal, as holder of a regulatory authorization, must provide a set-aside 

mechanism pursuant to the National Energy Board Act, the National Energy Board’s RH-2-2008 

decision, [INSERT BOARD LETTER DECISION APPROVING ACE] and MH-001-2013 

decision (the Regulatory Requirements). 

 

WHEREAS the Principal and Surety acknowledge that they have read the Regulatory 

Requirements which relate to this bond. 

 

The aforesaid sum shall be paid to the National Energy Board forthwith on written demand upon 

Surety, to be held for purposes of the National Energy Board Act. The demand made by the Board 

shall be honoured by the Surety without enquiring whether the Board has a right as between the 

Board and the Principal to make such demands, and without recognizing any claim of the Principal 

and the Principal and the Surety each consent to the Board obtaining, on written notice, summary 

judgements for the full amount secured hereunder if payment is not made forthwith upon demand. 

 

The condition of the above obligation is that if the Principal shall well and truly, in all respect duly 

fulfill execute and observe all terms and conditions and requirements of the National Energy Board 

then this obligation shall be void and of no effect but otherwise shall be and remain in full force, 

virtue and effect. 
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Nevertheless if the Surety at any time gives 60 days’ notice in writing to the Principal and to the 

Board of the Surety’s intention to put an end to the Suretyship hereby entered into (the “Notice 

Period”) then the Principal shall during the Notice Period provide to the Board replacement set-

aside mechanism in the same amount and in a form acceptable to the Board to replace this 

terminated Suretyship. Once the replacement set-aside mechanism has been received and approved 

by the Board during the Notice Period, then this bond and all accruing responsibility thereunder 

shall cease and determine except insofar as the Principal has made default prior to the said last day 

of the Notice Period. Should all Principal fail to provide a replacement set-aside mechanism 

acceptable to the Board during the 60 day Notice Period, the Board may, within a 60 day period 

commencing immediately following the expiry of the Notice Period, make a written demand to 

the Surety for payment of the aforesaid sum to the Board and said sum shall be paid in accordance 

with this bond. Once the second 60 day period (the Notice Period plus 60 days) has expired then 

this bond and all accruing responsibility thereunder shall cease and determining except insofar as 

the Principal has made default prior to the said last day of the Notice Period. 

 

Nevertheless, the obligations of the Principal or the Surety for this bond or renewal will be limited 

to the amount stated above. 

 

This bond will be valid for the term from _____ day of ______________, 20___ to ______day of 

______________, 20___ and shall be automatically renewed without further documentation from 

year to year thereunder on the same terms and conditions (including this one for renewal) unless 

at least 60 days’ written notice, as provided for above, is given that it will not be renewed. Failure 

by the Principal to provide a satisfactory substitute set-aside mechanism to the Board does not 

constitute default under this bond. 

 

Any notice hereunder may be given: 

 

(a) in the case of the Board by registered mail or prepaid courier and fax to: 

 

National Energy Board  

517 10 Ave SW  

Calgary, AB  

T2R 0A8  

Facsimile: (403) 292-5503  

Attn: Secretary of the Board 

 

(b) in the case of the Principal by prepaid mail to: 

 

[INSERT ADDRESS] 

 

(c)  in the case of the Surety by delivery to or by prepaid mail to: 
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[INSERT ADDRESS] 

 

Any notice by the Board may be signed by the Secretary of the Board. 

 

IN WITNESS WHEREOF this bond has been duly signed, sealed and delivered. 

 

 

 

Surety: 

 

 

Per: _________________________________________ 

 

Principal  

 

 

Per:_________________________________________ 
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