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Abstract 

Historically, mining has had a large negative impact on the environment. In order to combat 

this legacy of damage, the Government of Canada has implemented regulations in order to ensure 

the “Polluter Pays’ principle is followed, that is the party responsible for damage will pay for its 

rehabilitation. Giant Mine, located in Yellowknife, NWT, is a case where this principle was not 

applied. It is one of the most damaged legacy mine sites in Canada and is currently undergoing 

rehabilitation by the Government of Canada after its owner became insolvent in the 1990’s. 

Rehabilitation is estimated to cost B$0.5 CAD and requires maintenance in perpetuity. 

This thesis examines the Canadian application of environmental financial assurance 

regulations which are intended ensure that mining companies provide sufficient funding to the 

government to reclaim a mine in the event of default by applying modern regulations to the case 

study of the Giant Mine. Four primary types of assurances (cash, letters of credit, trusts, and 

corporate promises) along with their variations are applied retroactively to determine their impact 

on financial models of Giant Mine as a critique of modern EFA regulations. 

This model shows that on a pre-tax, undiscounted basis, Giant Mine would have been able to 

fund the entirety of its reclamation but would be unable to do so on an after-tax basis. This 

indicates that the project is sensitive to the tax treatment of the reclamation cash flows, which is 

variable depending on the specific tax jurisdiction in question. When the time value of money is 

considered, the project becomes attractive except when the EFA fund is held as cash. All other 

EFA vehicles showed positive economic value over a range of discount rates applied by mining 

companies. 

As a result, this thesis concludes that had modern EFA regulations been in place at the time 

of Giant Mine’s discovery, the mine could have successfully internalized its environmental 

impact and still have been considered economic despite the significant environmental damage it 

caused but would not be an attractive investment to smaller, less financially stable mining firms. 
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Chapter 1 

Introduction 

1.1 Overview 

This thesis is intended to discuss the operational and financial impacts of environmental 

regulation and law by examining the historical operation, closure and subsequent reclamation of 

the Giant Mine in Yellowknife, Northwest Territories as a case study. It will focus primarily on 

an evaluation of the effectiveness of Environmental Financial Assurances (EFA) in mitigating 

environmental harm. EFAs are used in the mining industry as required by Canadian law in The 

Minerals and Metal Policy of the Government of Canada (2013) to ensure that sufficient funding 

is available in the event of mine bankruptcy or abandonment to reclaim the site to a stable and 

safe condition. The policy states: 

“The Government will ensure that, as a condition for mine 

development on federal lands, comprehensive plans for the 

reclamation of disturbed areas are developed, including the 

provision of satisfactory financial assurances to cover the costs of 

reclamation and, where necessary, long-term maintenance.” 

(Government of Canada, 2013) 

The intention of this policy is to ensure that financial costs of environmental damage 

associated with mining projects are internalized within the project itself rather than left as a 

burden to external stakeholders such as the federal government or local communities. For this 

reason, it is important that these regulations function effectively to protect not only environmental 

health but public well-being as well. Despite their importance in this regard the needs of industry 

must also be considered. The government acknowledges that a balance must be found where EFA 
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regulation can be acceptable to all parties to promote economic growth through sustainable 

development (Government of Canada, 1994).  

EFA regulations did not exist at the time of the Giant Mine’s operation. To model the effect 

of EFA regulations this case study was developed in stages. Each model stage corresponds to the 

addition of another data source to progressively bring the mine into compliance with modern 

regulations. The model considers various vehicles of environmental financial assurances 

including cash, letters of credit, corporate promise and quantitative financial tests. The completed 

model is a case study of how the mine would have operated if environmental financial assurances 

were legally required to perform reclamation to modern standards after closure. This thesis is 

intended to examine if, despite its considerable environmental damage, a correctly implemented 

EFA structure could have allowed Giant Mine to internalize its environmental costs while still 

maintaining sufficient profitability. By applying these regulations to one of the so called “worst 

case” scenarios in Canada, this thesis will serve as a critique of the ability of Canadian EFA law 

to meet its intended purpose protecting the environment while balancing the needs of 

stakeholders.  

1.1.1 Problem Statement 

The mining industry has a history which includes instances of substantial environmental 

damage. Historically, mining operations externalized environmental costs, disrupting ecosystems, 

leaving acid mine drainage, unstable tailings ponds, open pits, and chemical hazards which 

remain dangerous long after mine closure (Wenig & O'Reilly, 2005).  Beyond the environmental 

impact, mining has also had a significant social-economic impact on local communities as it 

disrupts pre-existing demographics and employment in favour of a mining focused economy. 

After mine closure, the economic stimulus largely disappears and the new economy of 
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employment and secondary industry it supported begins to collapse. This can leave behind a 

weakened, unsustainable socio-economic structure in need of external (provincial/federal) 

support, generating additional externalized costs. While this thesis will only discuss the 

environmental impacts of mining, it is important to remember that the social costs to a 

community can also be significant. The combination of these factors disproportionately exposes 

socially vulnerable people to increased environmental harm further compounding their effects. 

To many people, particularly local communities near mines, environmental damage is the 

lasting legacy of mining. Within Canada alone, there are an estimated 10 139 abandoned mines or 

mining related projects causing various degrees of environmental harm (Mackasey, 2000). It is 

estimated that these mines will cost the federal government billions of dollars to reclaim to 

acceptable conditions (Castrilli, 2007) and these funds will be drawn from tax dollars which 

would otherwise pay for beneficial public services. In response to this legacy and their growing 

reclamation liability, the federal government instituted laws which require that reclamation takes 

place to an acceptable standard regardless of the financial performance of the mine operator. This 

requires any operating mine to make funds available to the government in such a way that in the 

event of bankruptcy any environmental liability can be managed out of those funds (Aboriginal 

Affairs and Northern Development Canada, 2002). As might be expected, shifting the cost of 

reclamation early into mine life (which would otherwise be deferred until mine closure) can have 

a significant impact on the profitability of a mine.  

A balance between the needs of industry to remain profitable and the needs of the 

government to minimize exposure to liability must be found. Second only to Faro Mine in terms 

of total reclamation cost, the Giant Mine can be considered to be a worst-case scenario for 
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environmental harm. Giant Mine then provides an excellent opportunity to examine the 

effectiveness of EFA regulations in managing extreme environmental risk. 

1.1.2 Justification and Limitations 

This thesis is based on the reasonable assumption that Giant Mine was designed and run to 

the operational and engineering standards of the day and in compliance with regulations as is 

generally expected of any mine in a well-regulated setting. The operators of the day would have 

faced the same unforeseeable challenges as exist today and responded to them with the best of 

their ability. The retroactive application of modern EFA policy to the engineering challenges of 

the time is therefore no different than applying that same policy to the unknown engineering 

challenges of the future it is intended to guard against. If the environmental costs of Giant Mine 

cannot be successfully internalized, it then follows that EFA regulations alone are insufficient to 

manage the risk of an unknown future in mining.  

This thesis is intended to provide insight into this matter from the perspective of private 

sector investors. Other stakeholders will value this project differently. For example, the public 

may or may not consider some degree of environmental damage an acceptable cost in return for 

the development of northern social infrastructure. These stakeholders have more to consider as 

they evaluate the triple bottom line of a project, accounting for not only environmental and 

financial effects but social effects as well. That analysis could result in different conclusions from 

those presented here. 

1.1.3 Thesis Organization 

This thesis is divided into five Chapters. The first chapter is provides the operating history of 

the mine and the causes of the resulting environmental damage. Context is important as 

environmental costs will be assigned in the year incurred so causality must first be established.  
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The second chapter is a literature review focused on examining current research in 

reclamation planning, cost evaluation, EFA regulation, best practices in economic evaluation and 

the appropriate use of discount rates in long term projects. The technical foundations of the 

economic model are also explained in this chapter.  

The third chapter provides a summary of the quantitative cash flow model and its 

development. Each additional dataset is shown along with a summary of the necessary parameters 

and assumptions. An alternative reclamation cost estimation is also shown using the government 

recommended RECLAIM tool.  

Chapter Four provides a discussion and critique of the model as developed, the effects of 

EFA regulation and its ability to function in its intended capacity. The use of the RECLAIM 

model is also examined here. Economic evaluation criteria that have been established as best 

practice in the literature review are presented here to justify the economic impact of regulation on 

the mine. 

Finally, Chapter Five will summarize conclusions as well as provide a discussion of 

potential next steps based on the results generated in this thesis.  

Appendices are also available following this chapter which provide source data, 

computations, worked examples and secondary materials as appropriate. 

1.1.4 Methodology and Data Sources 

The use of the Giant Mine as a case study provides a realistic starting point from which to 

begin developing a model rather than using a more general fictional dataset. The case study 

includes unforeseen events resulting from external market forces, changes in metallurgy, 

technical developments and regulatory environments which better reflect the real-life day to day 



 

6 

 

operation of a mine as compared to general model. The model will be developed in stages as seen 

below in Figure 1: Financial Model Development Process.  

 

Figure 1: Financial Model Development Process 

The financial data was sourced from the financial statements of Giant Mine’s respective 

owners from 1948-1998 as compiled by Bullen and Robb (2002). The data from the operational 

period is summarized in Appendix C. The data collection was focused on production and 

operating costs, but the data remained unmodified except for a change from constant dollar basis 

change of 2002 to 2019 to form the first stage of the model. At this stage of development, 

environmental costs are still externalized. A baseline of historical operational performance 

metrics was established to compare to the final model including profit per unit of production, 

annual profit margin, and undiscounted profit. Other time discounted metrics were also calculated 

using the weighted average cost of capital (WACC) model. Insufficient data was available on 

specific costs and the reporting standard was inconsistent from owner to owner so only the total 

cost including tax was used.   
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The next stage involves the addition of reclamation costs as predicted by SRK Consulting 

(2005) to the end of mine life as scheduled in their report. The resulting model internalizes 

environmental costs but fails to manage risk as no steps have been taken to ensure reclamation 

compliance.  If for some unforeseen reason the project should fail mid-operation, environmental 

liability would then still fall to the federal government. Furthermore, an unethical company might 

abandon the mine to avoid paying for reclamation. As such, simply internalizing environmental 

costs this model does not adequately assure that reclamation will occur. 

The final stage of modelling applied annual contributions to an EFA vehicle ensure that 

funds would be available to the federal government should the operator fail to reclaim for any 

reason. The vehicles used in this thesis are those recommended as best practice by the 

International Council of Mining and Metals (ICMM) (2005). These contributions distribute the 

total reclamation cost by the proportion of environmental hazards that the mine generated in that 

year as calculated from production data as compiled by Bullen and Robb (2002). This assumption 

is central to this financial model due to the absence of a specific reclamation costs for each annual 

mining plan. The primary hazards used for these calculations are arsenic trioxide production 

subdivided by end deposition and by tonnage, mine production by method and by tonnage, 

tailings production by tonnage, gold production by ounce and value of capital investment per 

year.  

In some regards this contribution structure is unrealistic. SRK has the advantage of planning 

reclamation for a known site rather than planning for the distant future. As a more realistic 

alternative, a parallel estimate of EFA contributions was also made using the RECLAIM tool 

which is specifically named by Aboriginal Affairs and Northern Development Canada as one of 

the best available tools for reclamation cost estimation (Aboriginal Affairs and Northern 
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Development Canada, 2002). The RECLAIM tool is focused on the reclamation of specific 

capital expenditures so the associated costs were distributed linearly over the operational life of 

the asset in question. The tool produces an estimate closer to what would be forecasted at a 

feasibility stage or by an operating mine in their annual mine plan. The most significant problem 

with this model occurs in its generality. Some of the major reclamation costs associated with the 

Giant Mine reclamation project are so unique that no generalized case could be reasonably 

expected to estimate their cost.  

The completed model was then examined to produce final performance metrics to compare 

to the base case. This required the selection of an appropriate discount rate is a non-trivial 

exercise in and of itself. Several discounting methodologies for long term projects were examined 

in the literature review. Corresponding with the private sector perspective of this thesis, net 

present value (NPV) calculations were discounted using the weighted average cost of capital 

(WACC) as is commonly used in industry. For the purpose of argument, several other discount 

rates recommended by the literature review are also examined. These metrics are then used to 

quantify the mine’s profitability after in internalization of environmental costs to evaluate the 

hypothesis of this thesis. 

1.1.4.1 Methodological Assumptions 

Several assumptions were made to supplement the historical data set and SRK cost models. 

These assumptions provide limitations and a scope to analysis. Additional assumptions were also 

made for specific parameters used modeling process itself, these can be found in Chapter 3 where 

the model is developed. A summary of each assumption and corresponding justification can be 

seen below in Table 1 and Table 2. 
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Table 1: Thesis assumptions and boundary of scope 

Assumption Justification 

No social costs or benefits 

included 

 

The purpose of this thesis is to investigate the impact of 

environmental financial assurances, which do not include 

social harm or benefit 

Financial models are constructed 

on an annual basis 

All available historical financial data is presented as annual 

statements 

SRK is assumed to have made the 

correct choice of rehabilitation 

technique 

The detailed cost estimation of alternative rehabilitation 

techniques is beyond the scope of this thesis 

SRK is assumed to have produced 

an accurate cost estimate 

SRK used contemporary data and has considerable 

expertise in engineering project cost estimation 

Change in fiscal year of 1960 is 

treated as an additional half year 
Required for continuity of data 

Cash flows generated from 

operations prior to 1948 are not 

considered 

Operations prior to 1948 were non-industrial in scale of 

production and no investment from this period had a useful 

impact for the life of mine 

No financial data from 1999 is 

considered 

Receivership was declared in this year and cash flow was 

generated. It is not necessary to consider in the generalized 

case study. 

Mine operations after 1998 are 

not considered 

The environmental liability had been assessed and defined 

by the Government of Canada at this point 

EFA financial contributions are 

allocated based on the proportion 

of hazards generated per year 

No accurate mine plan data is available so costs cannot be 

distributed in greater detail 

Stochastic methods are beyond 

the scope of this thesis 

The models developed are incompatible with these 

methods and require additional software 

RECLAIM estimate of ground 

freeze system cost is taken 

directly from SRK 

Impossible to calculate within RECLAIM and is unfair to 

exclude such a fundamental cost 

Emergency Gold Mining 

Assistance is treated as regular 

cash flow 

Considered as a federal subsidy to gold spot price 
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Table 2: Financial Model Assumptions 

Assumption Justification (if required) 

Reclamation costs associated with disseminated arsenic will 

be assigned proportionally to arsenic emissions from the 

roaster stack.  

The majority of disseminated 

arsenic was released as 

aerosolized arsenic 

Reclamation costs associated with open pits will be assigned 

proportionally with annual open pit tonnage. 

Open pit reclamation is related 

to the depth of the open pits 

Reclamation costs associated with each aspect of mill 

operation will be assigned proportionally to mill tonnage 

which is assumed to be roughly equal to tailings production 

given the low mass recovery relative to total feed mass. 

Gold processes producing doré 

recover significantly less than 

1% of the total feed ore mass 

Costs associated with reclamation of each aspect of the mine 

operation will be assigned proportionally to the annual 

production of arsenic trioxide stored underground as it is the 

principle cause of concern over water influx. 

 

Reclamation costs for underground workings will be assigned 

in proportion to annual underground mine tonnage. Costs 

associated with shaft development will be assigned in the year 

of incurrence. 

 

EFA funds can be withdrawn in the year following 

completion of a reclamation task. 
 

Reclamation is assumed to be non-progressive 
The site layout does not allow 

for progressive reclamation 

Risk Free Rate = 1% Per ICMM (2005) guidelines 

WACC = 7.5% 

From Detour Gold Corporation 

as of Dec 31st, 2012 (Detour 

Gold, 2013), which would be 

analogous to the hypothetical 

mining company examined 

herein. At this date, they 

managed a single mine of large 

potential production which had 

not yet declared commercial 

production. 

Cost of Debt is approximated from estimated loan repayment 

schedules at an assumed beta of 0.14 

Average beta of five major gold 

producers. 
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1.2 The Case Study History 

The Giant Mine operated commercially from 1948 to 1999 producing approximately 7 MOz 

of gold, 1 MOz of silver. The ore was refractory, requiring a roasting step to treat the ore before 

gold can be extracted effectively by cyanidation. The roasting step released an estimated 257,000 

tonnes (Indian & Northern Affairs Canada, 2010) of Arsenic Trioxide dust (As2O3) as either a 

flue gas or as a dust sequestered underground.  Arsenic was also released in tailings as either 

arsenic bearing minerals or as an incompletely roasted product. 

The mine site is located a short distance from the center of Yellowknife seen in Figure 2 

below, with mine workings visible from the northern neighborhoods of the city. As a result, the 

growth of the mine has also had a direct physical impact on the city due to its proximity. This 

section is intended to provide a summary of Giant Mine’s operating history1 focusing on captial 

investments and major causes of cash flow change and environmental damage. Other specific 

causes of environmental damage such as metallurgy, processing, materials handling, and storage 

techniques are also discussed. 

 

1 As summarized from Ryan Silke’s 2009 book “An Operational History of Mines in the Northwest 

Territories” (Silke, 2009) 
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Figure 2: Map of Giant Mine and the City of Yellowknife (Indian & Northern Affairs 

Canada, 2010) 

1.2.1 Exploration in the Pre-War Period (1935-1943) 

First staked in 1935, Giant Mine was initially two separate claims, Supercrest and Giant.  

During this period, operations were primarily geological exploration with artisanal mining taking 

place on localized high-grade ore pockets. Several small capital investments by Consolidated 

Mining and Smelting of Canada (CMSC), and Bear Exploration and Radium (BEAR) attempted 

to bring the mine into production but failed. This included the partial development of shafts, 
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bunkhouses and small equipment which produced less than 1000 Oz Au from 1939 to 1940 when 

work was halted due to World War II. Property control was subsequently consolidated under the 

newly formed Giant Yellowknife Gold Mines Limited. For the purpose of this thesis, this period 

is not considered in the calculation of environmental damages as the production did not use a 

roasting process.   

1.2.2 Detailed Exploration and Development (1943-1948) 

Very little work was done on the property during World War Two due to the shortage of 

labour and the industry focus on wartime metals. In 1943, Frobisher Exploration bought the 

controlling interest in the mine and began a period of significant exploration under new 

geological assumptions. Significant gold resources were discovered and the Giant Mine became 

the epicenter of a local prospecting boom. 

Surface drilling alone was inadequate to define the ore body due to its irregular shape and 

sharp waste contacts, so Shaft A was built to support underground exploration techniques. 

Construction began in 1945 but was postponed due to the discovery of a high-grade zone from 

drifts from its first and second levels. Shaft B was also constructed in 1946 as a second 

exploratory shaft and was similarly delayed by high grade ore discoveries. Until this point, all ore 

production was stockpiled as there was no significant ore processing capacity on site. 

Mill construction began in 1947 with the installation of a gravity/flotation/mercury 

amalgamation plant rated at 500 tonnes per day and was commissioned the following year. While 

functional, the mill was incomplete, lacking a roasting and cyanidation circuit. As a result, gold 

recoveries were poor at only 17%. No arsenic trioxide was released in this period but processed 

arsenopyrite was released in both flotation concentrate or in tailings. 
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Power generation on site was also a significant concern during this period. The mine 

purchased several diesel generators to power its initial operations until a hydroelectric generation 

facility on Snare River was constructed.  

Key Events in Exploration and Development (1943-1948) 

• Sinking of Shaft A and Shaft B 

• Snare River hydroelectric dam construction 

• Stockpiling of high-grade concentrate 

1.2.3 Initial Startup (1949-1951) 

Commercial production began in 1949 with the successful commissioning of the Edwards 

roaster and cyanidation circuit which could process the flotation concentrate.  This new 

equipment increased gold recovery to approximately 86%, a vast improvement over the 17% 

previously observed. Total ore throughput of this plant was 100 tpd lower but the high recovery 

improved total gold production and profit margins. Significant stockpiles of floatation concentrate 

produced earlier provided a consistent roaster feed of high-grade material for the early years of 

operation. These were some of the most productive years of mine life with head grades of 

approximately 0.86 oz Au per tonne. 

A primary production shaft was then sunk to facilitate main production and future ore 

development. The construction of Shaft C is a major milestone in the startup of Giant Mine as it 

provided an integrated hub for hoisting and access. Shaft C centralized ore production while 

Shafts A and B were used for waste. 

The initial years of operation are when most of the environmental contamination occurred. 

Roaster flue gas containing the arsenic trioxide was released directly to the environment with no 

consideration for its environmental effects and only a basic understanding of its human health 
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effects. In addition, the arsenic trioxide dust that built up in the equipment over this period of 

operation was dumped at surface. An estimated 8,000 tonnes of arsenic trioxide was released to 

the environment during this period, culminating in the death of a local Dene boy in 1951 due to 

acute arsenic exposure. Other cases of arsenic poisoning, particularly of livestock, were also 

reported in this period but no further human fatalities were recorded (Sandlos & Keeling, 2012).  

The mine made immediately installed a cold Cottrell electrostatic precipitation (ESP) plant 

which could be used to scrub the flue gas of much of its arsenic content with the updated 

flowsheet shown in Figure 3. The arsenic trioxide was recovered as a dust and pumped 

pneumatically underground, either to empty mine stopes or to purpose built rooms in later years.  

 

Figure 3: Simplified Giant Process Flowsheet as of 1951 

Key Events in Initial Startup (1949-1951) 

• Shaft C Sinking 

• Roaster Installed 

• Acute arsenic fatality 

• Cold ESP installation 

1.2.4 Arsenic Control and Process Optimization (1952-1965) 
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Additional mining, roasting and milling capacity were installed after the successful of the 

cold ESP, bringing mill capacity to 700 tpd and roaster capacity to 120 tpd. The mine also began 

to reduce operating costs by mechanization using rail haulage and mechanized drilling/mucking. 

The mined ore proved more metallurgically challenging as it became almost entirely 

refractory with very little free gold. Free gold recovery became so poor that in 1958 gravity 

concentration circuits were shut down. Large quantities of gold were also being lost to the arsenic 

trioxide dust. Modern assays of dust from this period indicate a gold grade of up 80 grams per 

tonne (SRK Consulting, 2005). The process was modified from a single cold ESP to two hot 

ESPs in series with a baghouse as a means of improving gold recovery.  This circuit, as seen in 

Figure 4, would continue to operate without significant changes until closure.  

 

Figure 4: Simplified Giant Mine Modern Flowsheet 

The higher operating temperature of the hot ESP circuit retains the arsenic trioxide as a gas 

for a longer period, allowing for the selective recovery of fine aerosolized gold. The hot ESP 

process was initially successful in reducing gold losses to 0.15 Oz per tonne but was challenging 

to operate due to changes in feed metallurgy and the constant pressure to increase mill 

throughput. ESP improvements would lead to consistent 90% gold recovery of by the mid-1960s.  
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Key Events in Arsenic Control and Process Optimization (1952-1965) 

• Shaft C expanded 

• Improved haulage 

• Poor metallurgy 

• New roaster 

• Hot ESP and baghouse installation 

1.2.5 Profit Margin Squeeze (1965-1971) 

Fifteen years after the start of production, the Giant deposit was well defined, with no new 

gold discovered on the property in this period. The defined end of mine life led to a focus on 

resource management and efficiency. As a stopgap measure, Giant purchased the adjacent 

Supercrest deposit but was still expected to close in the early 1970s. 

Gold prices were fixed until the late 1960s while operating costs continued to rise. Labour 

issues were common in the mining sector at this time and exerted upward pressure on operating 

costs. For this reason, mine profitability declined, and the mine was forced to apply for 

Emergency Gold Mining Assistance (EGMA), a federal subsidy for the struggling gold industry, 

in order to maintain profitability. 

Key Events in Profit Margin Squeeze (1965-1971) 

• No significant organic reserve growth through drilling 

• Supercrest property acquisition 

• Profit margin loss 

1.2.6 Gold Price Turnaround (1972-1975) 

Gold prices began to rise in the early 1970s after the gold price could float freely. Operating 

costs rose in step, but the added revenue allowed for the mining of ore zones which had 

previously been unprofitable. The lowered cut-off grade required bulk mining techniques and 

extended mine life by adding to mine reserves. The lowered head grade also caused a decrease in 
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the cost of production per tonne of ore but a rise in the cost of production per Oz of gold. Tailings 

ponds were also improved with better designed dams and purpose designed arsenic containment 

stopes were constructed to house the roaster dust. 

Key Events in Gold Price Turnaround (1972-1975) 

• Cut-off grade decrease 

• Increased profitability 

• Increased operating costs 

1.2.7 Open Pit Phases (1976-1990) 

Consistently high gold prices and the drop-in cut-off grade allowed for the development of 

open pits on surface to exploit low grade material. The pits were a materials handling challenge 

and required additional equipment to handle larger tonnages. They accounted for approximately 

40% of tonnage but only 19% of gold production during their operation.  

The low-grade ore proved difficult to process due to its penalty metal and low sulphur 

content which increased fuel consumption and operating costs at the roaster.  The 30-year-old 

mill required additional maintenance and downtime reducing gold production. The carbon circuit 

was upgraded in 1986 to allow for direct gold recovery rather than a gold loaded carbon product 

to improve profitability. 

Exploration continued at depth with few positive results. Development costs to reach new 

ore became prohibitively expensive as the current shaft access reserves were depleted. 

Workers struck in 1980 for four months and the mine was forced to increase wages. In 1983, 

as a result of lower revenues, the mining schedule was reduced to a five-day workweek in order 

to minimize labour costs and slow down mill throughput to improve recovery.  

The implementation of Metal Mining Liquid Effluent Regulations (MMER) placed 

additional requirements on the mine operation. In 1982, wastewater facilities were installed to 
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destroy cyanide with chlorine before release to the environment. Additionally, the arsenic demand 

was strong due to the use of Copper Chromated Arsenic (CCA) in wood preservation which made 

the sale of arsenic trioxide an economic option. From 1981 to 1986 the mine sold 7 451 tonnes of 

arsenic trioxide. A secondary arsenic trioxide project (WAROX) was meant to revive arsenic 

sales by producing CCA directly on site in 1989 but was abandoned in 1990 due to a lack of 

funding and the impending CCA regulatory phaseout. 

This period ended with major capital investments to attempt to reinvigorate the aging mine. 

A 29 million-dollar tailings retreatment plant (TRP) was constructed to retreat tailings and 

recover gold value lost to tailings in the early mine life. The mine estimated 7 Mt of tailings 

contained 0.067 Oz Au per tonne, totaling 469 000 Oz of gold. Other capital assets were also 

upgraded in 1989. These were the last major investments in the mine and would not generate a 

significant return. 

Open pit reserves were depleted in 1990. The cost of mining underground led the mine to 

suffer a financial loss in 1989 of 0.77 million dollars despite the strong gold price of the time. 

Key Events in Open Pit Phases (1976-1990) 

• Open pit operations 

• Metal Mines Effluent Regulations implementation 

• Tailings retreatment. 

• Major capital investments -TRP and WAROX project failures 

1.2.8 End of Life (1991-1999) 

The last decade of operation was the most technically challenging period of mine life. By 

this time the ore was marginal and operating costs were high. A major strike occurred in the early 

1990’s led to explosion underground which killed nine strikebreakers and replacement workers. 

Few technical changes were made over this period as the mine did not justify further investment. 
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The only significant profits of this period occurred in the mid-1990s due to external gold price 

increases. Arsenic storage stopes also began to fail at this time causing concerns over how to best 

decommission the mine as the magnitude of the environmental liability became apparent. 

Ultimately the mine was unable to finance reclamation with cash on hand and went into 

receivership in 1999 and responsibility for environmental liabilities was transferred to the 

government. Any further mining activity on site which occurred after 1999 is beyond the scope of 

this thesis as the environmental liability was severed at that point. 

Key Events in End of Life (1991-1999) 

• Environmental liability becomes apparent 

• Mine closure 

1.2.9 Production Summary 

Giant Mine produced significant quantities of gold, silver and arsenic. Annual production 

tonnages for all three of these metals varied widely year to year as a function of mine tonnage and 

their respective head grades. Figure 5 below summarizes annual mine ore production as head 

grade and tonnage. Due to inconsistent historical reporting, grades for specific ore sources are not 

available in all years but are used when available for further calculations. 
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Figure 5: Annual Mine Production and Head Grade 

Production data shows the ramp up of production until 1961 after which the mill was largely 

complete. Two major events can be seen in 1960 and 1980 when mine tonnage declines sharply. 

The first in 1960 is an artifact of a transition from a July 1st start of fiscal year to a Jan 1st start. As 

a result, an additional half year data point exists from the period of July 1st to December 31st of 

1960. When scaled, the apparent drop in tonnage is well within the established production rate for 

the mill. The data point from 1980 is not erroneous. It is a direct result of problems in the roaster 

complex which limited throughput and caused significant downtime as described in Section 0.   

Mill head grade declines over time, most significantly in the early 1970’s as cut-off grade 

was purposefully lowered in response to improving gold market conditions and a need to increase 

reserves. Mine throughput was never increased significantly enough to compensate for the 

declining grade leading to a decrease in total gold production.  
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The mill recovered approximately 85% of gold fed to it regardless of head grade as seen 

Figure 6 below. Two important aspects of mill performance can be seen in this figure. The first is 

that the mine maintained high gold recovery over the entire mine life, except for the highlighted 

period from 1954-1962 when metallurgically complex ore was being processed without mill 

modifications. The additional sulphide mineralization of the ore caused more gold to be lost 

during roasting along with a larger mass of arsenic trioxide product. The addition of the second 

hot Cottrell ESP circuit returned recoveries to normal.  

The second important aspect is that over time the operating point of the mine tended to lower 

grade feed due to high grading the early years of mine operations which exhausted the most 

profitable material first but mill performance is maintained as demonstrated by the near constant 

recovery seen the highlighted region of Figure 6.  

 

Figure 6: Notable Changes in Grade-Recovery Function 

The temporal relation of major changes in mine and milling operations described in this 

section are summarized in Figure 7 below.  
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Figure 7: Summary of Major Process Changes (Indian & Northern Affairs Canada, 2010)
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1.2.10 Summary of Revenue Drivers 

Gold was the primary revenue driver for the mine with an average of four ounces of gold 

production for every ounce of silver production while the silver circuit was running. Over the 

total lifetime of the mine that ratio is 7.28 ounces of gold per ounce of silver. As Figure 8 shows, 

most of Giant’s gold was produced prior to 1975 when gold production declined sharply at the 

low cut-off grade. With a production rate limited by the milling equipment, gold output declined 

dramatically with changes in head grade.  

 

Figure 8: Gold production by year 

Contrary to the early high grading trend in gold, silver production was much more arbitrarily 

distributed as seen in Figure 9. This figure is purposefully shown on the same horizontal axis 

scale as Figure 8 to allow for visual comparison. Due to its relatively low value, grade and 

additional processing requirements, silver was treated as a by-product of gold production rather 

than a co-product. Silver production was stopped in the 1984 as the cut-off grade decrease could 

not sustain the silver production costs. 
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Figure 9: Silver production by year 

Incorporating the sale value of all products, annual mine revenues were calculated as shown 

in Figure 10 below. Contrary to the declining rate of gold production over time, the influence of 

market pricing produces a much different perspective on mine operations.  The decline in gold 

production is offset by a significantly higher gold price so the mine continues to generate strong 

annual revenue in excess of $80 Million throughout the 1980s.  
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Figure 10: Annual Mine Revenue and Operating Costs Before Tax (Bullen & Robb, 2002) 

As a price taker, the only recourse to maintain profitability against the external fluctuations 

in gold price was to control operating costs inside the mine and the lack of profitability made the 

possibility of mill expansion to improve throughput very risky. In later mine life, operating costs 

became increasingly sensitive to costs which are mine tonnage dependent as a side effect of cut-

off grade decrease. At a low gold head grade even slight increases in any mine tonnage 

proportional cost (e.g. mining, materials handling or processing cost per tonne ore) exerts strong 

pressure on profitability. Furthermore, many of these costs such as fuel, energy and consumables 

are also set externally to the company. These largely external and escalating operating costs 

eventually forced the mine to close even when one disregards the costs associated with the 

pending environmental liability. 

1.3 Summary of Resulting Environmental Hazards 

For the purposes of this thesis the environmental damage left by Giant Mine was classified 

into several different categories to facilitate cost estimation by source as described below. 
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1.3.1 Arsenic 

The primary hazard left by the operation of Giant Mine was due to the generation of a 

concentrated arsenic dust as a by-product of roasting ore. In the initial years of operation, arsenic 

was released directly as a dust carried in flue gas leading to widespread contamination by aeolian 

processes whereas in later years it was pumped pneumatically into underground storage 

chambers. Of the estimated 257 000 tonnes of arsenic trioxide produced on site, 237 000 tonnes 

was stored underground in 15 chambers (SRK Consulting, 2005).  While initially stable, these 

chambers are now releasing significant quantities of arsenic into the groundwater due to the 

thawing of permafrost caused by mining activities. If uncontrolled, the groundwater onsite will 

disperse naturally to the surrounding ecosystem and water supply. 

Arsenic is highly toxic with maximum exposure levels dictated under air quality and 

drinking water regulation. Additional exposure levels are also specified by occupational health 

and safety organizations.  Relevant maximum acceptable arsenic levels can be seen below in 

Table 3: Acceptable Arsenic Exposure Levels.  

Table 3: Acceptable Arsenic Exposure Levels2 

 

 

 

 

 

2 (CAREX Canada, 2012) 

Canada Labour Code (OEL) 0.01 mg/m3

NT Labour Code (OEL) 0.2 mg/m3

NT Labour Code (STEL) 0.6 mg/m3

Canadian Drinking Water Guidelines 0.01 ppm

Canadian Soil Quality Guidelines 0.03 µg/m3
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1.3.1.1 Arsenic in Mining 

Arsenic is found in natural geological occurrences in several minerals. The dominant arsenic 

bearing minerals in the Yellowknife region are sulphides, specifically arsenopyrite and arsenical 

pyrite.  These arsenic minerals are often found with other sulphides in refractory gold ores 

including those found at Giant Mine which necessitates the use of a roasting stage to liberate gold 

from the sulphides. 

Roasting can be performed using different techniques and equipment, but essentially consists 

of heating the ore in the presence of oxygen to temperatures in excess of 900 K.  A simplified 

roasting flowsheet can be seen below in Figure 11. The heat balances of roasters are complex 

with exothermic ore reactions and preheating/recycle stages to maximize fuel efficiency and 

minimize operating cost which are excluded for simplicity in this diagram. 

Roasting
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Off Gas
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Roasted 
Ore

Crushed
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Dusts
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Extraction
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Tailings

 

Figure 11: A simplified gold roasting flowsheet 

At high temperature, the sulphide minerals oxidize leaving the elemental gold particles 

chemically accessible to a cyanide leach solution.  The chemical equations for the oxidation of 

pyrite and arsenopyrite can be seen below in Equations 1 and 2 (Corkhill & Vaughn, 2009; 

Runkel & Sturm, 2009). Other reaction products such as sulphates have also been demonstrated 
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to exist in various proportions depending on the partial pressures of gasses and reaction 

temperature (Runkel & Sturm, 2009). 

𝟐 𝑭𝒆𝑺𝟐 (𝒔) + 𝟏
𝟏

𝟐
 𝑶𝟐 (𝒈) →  𝑭𝒆𝟐𝑶𝟑(𝒔) +  𝟒 𝑺𝑶𝟐 (𝒈), ∆𝐇 =  −𝟏𝟔𝟔𝟔 𝐤𝐉/𝐦𝐨𝐥       ( 1 )    

𝐅𝐞𝐀𝐬𝐒 (𝐬) +  𝟓 𝑶𝟐 (𝐠)−>  𝑭𝒆𝟐𝑶𝟑 (𝐬) +  𝟐 𝐒𝐎𝟐 (𝐠) +  𝐀𝐬𝟐𝑶𝟑(𝐠), ∆𝐇 =  −𝟏𝟗𝟖𝟕 𝐤𝐉/ 𝐦𝐨𝐥 ( 2 ) 

From Equations 1 and 2, both reactions will produce sulphur dioxide which is a significant 

environmental problem when not properly managed as it causes acid rain. Along with sulphur 

dioxide, the off-gas stream will also contain gaseous arsenic trioxide which vapourizes at 738 K. 

As the flue gas leaves the roaster, arsenic trioxide cools past its melting point, solidifying into a 

fine dust which must then be handled as a separate by-product. The physical separation and long 

term stabilization of this dust from the gaseous phase is a non-trivial exercise and is a challenge 

in the contemporary mining industry (Chambers, 2012).  

A small fraction of arsenic bearing species are also released as unroasted arsenopyrite or 

reaction intermediaries to the tailings impoundment. While relatively stable over short periods of 

time, these minerals will eventually oxidize at surface conditions and release potentially 

dangerous metals into the environment as acid mine drainage.   

1.3.1.2 Mobilization 

Arsenic is naturally present in elevated concentrations in the Yellowknife region due to the 

arsenic bearing minerals in the bedrock (SENES Consultants Limited, 2006). Over time, the 

arsenic has mobilized through natural weathering processes and disseminated into the 

environment. Weathering is accelerated by mining activities which release arsenic directly and 

exposing additional natural mineral surface area. In this case, the arsenic trioxide produced by the 

roaster is highly soluble in water and bioavailable.  
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Arsenic emissions on site beyond natural background levels are concentrated largely at the 

roaster stack and tailings ponds. If the arsenic were to remain on site there would be little danger 

of exposure to the human population at large. However, atmospheric processes serve to further 

transport the arsenic dust from the stack into the environment.  

Two critical factors in increasing the mobilization of arsenic are its mineralogy/solubility 

and the size of particles generated summarized in Figure 12.  This figure shows that arsenic 

trioxide is highly soluble in aqueous solutions, more so than any other common arsenic species 

(Patnaik, 2002). High solubility then accelerates its dissolution into the water table where it will 

remain until precipitated chemically or taken up biologically. The arsenic trioxide generated by 

the roaster was also produced as a fine dust which dramatically increases the rate of dissolution 

due to its large surface area.  

 

Figure 12: The mobilization and bioavailability of arsenic species (Wrye, 2008) 
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1.3.1.3 Stabilization 

Significant research has been done towards finding an effective method for the stabilization 

of arsenic over long periods (Taylor & Fuessle, 1994). Techniques generally follow one of three 

strategies: chemical stabilization, physical containment or both. 

Most academic research on the subject is related to chemical stabilization techniques. 

Chemical processes have been developed to react arsenic trioxide into a few minerals which are 

much more stable over time. Chambers (2012) summarizes processes as falling into one of a few 

types: Arsenical Ferrihydrite, Ferric Arsenates, Calcium Arsenates, slags, or cements. Process 

selection is dependent upon the reaction conditions, reagents and equipment available to generate 

the most favourable project economics. 

Physical containment is more generalized in its research with overlap into nuclear materials 

management, tailings impoundment design, geotextiles, hydrogeology and rock mechanics. Kim 

(2011) and Weber (2009) propose solutions for the long term deposition of nuclear materials. 

These applications feature the use of dedicated containment vessels often constructed of steel and 

concrete as well as integrated water management solutions making them very expensive to 

implement. SRK (2002) confirmed that such an option is uneconomic for Giant Mine and are not 

applicable to bulk commodities. Tailings impoundment design focuses on the construction of 

structurally stable embankments that support the storage of large volumes of material while 

simultaneously protecting it from erosion and chemical reaction while maintaining ecological 

function. Geotextiles are often used in such designs to create ruggedized barriers which are 

selectively permeable to chemicals of interest, such as water drainage or leachate collection.  
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1.3.1.4 Arsenic Markets 

There have been historical markets generating demand for arsenic and arsenic based 

products. Arsenic has been used in pigments, medicine, herbicides, pesticides, preservatives as 

well as a variety of other chemical applications but its use in consumer goods has declined 

sharply due to health concerns.  The market for arsenic is small relative to other metals, even 

those of similar elemental abundance such as tin or molybdenum (Wedepohl, 1995). 

1.3.1.5 Arsenic Demand 

Contemporary arsenic demand is largely driven by production of chromated copper arsenate 

(CCA). CCA is commonly used internationally in pesticides and wood preservation though not 

commonly in the United States and Canada with voluntary phase out by the wood preservative 

industry in 2003 (United States Geological Survey, 2012). The demand for CCA continues to 

increase at a slow rate due to international markets. 

Metallic arsenic is sometimes also used as an alloying metal where it can impart additional 

hardness and strength in non-structural metal alloys such as hardened ammunition, batteries and 

solders. High purity arsenic is used in the production of semiconducting Gallium Arsenide 

(GaAs). GaAs is used in high intensity circuitry applications such as microwave frequency 

integrated circuits, lasers and solar cells (United States Geological Survey, 2012). A very small 

fraction of arsenic production is consumed in medicine as the radioisotope Arsenic-74 used in 

radio-imaging or as arsenic trioxide in the treatment of specific cancers (United States Geological 

Survey, 2012). As of 2017, the entire American market consumes roughly 6 400 tonnes of arsenic 

products per year (USGS, 2017). 
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1.3.1.6 Arsenic Supply 

The supply of arsenic is dominated by China and Morocco which produced 25,000 and 

7,000 metric tonnes of arsenic trioxide in 2016, respectively. These three countries combined 

produce 88% of the estimated 36 500 metric tonnes of global annual production (USGS, 2017) as 

a by-product of mineral processing or smelting. No arsenic has been produced as a salable 

product in North America since 1985. 

Chile has also begun to mine Enargite (Cu3AsS4) as a secondary copper ore. Since arsenic is 

inseparable by physical means in this form, arsenic production will continue to rise as the mining 

industry becomes increasingly reliant on Enargite for copper production.  

1.3.1.7 Arsenic Price 

The arsenic market is relatively small, making it sensitive to changes in supply and demand. 

The market is also further segregated into two distinct products, pure arsenic metal and arsenic 

trioxide. It is possible to reduce arsenic trioxide into elemental metal but only a few North 

American refiners produce it in small quantities electrochemically (United States Geological 

Survery, 2013). Most arsenic is supplied directly from Chinese producers as primary arsenic.  The 

price of arsenic has been steadily declining since 2003 when the voluntary ban of CCA came into 

effect in residential buildings, severely cutting demand in North America. A summary of 

historical prices of elemental arsenic and arsenic trioxide can be seen below in Figure 13. No data 

was available on historical pricing between 1987 and 1991. 
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Figure 13: Historical Arsenic Prices (Brooks, 2010) 

The sale of arsenic is not as a viable alternative by SRK due to the low price and small 

market. If processing were to take place at a moderate pace dictated by the proposed reclamation 

schedule of 25 years, Giant Mine would be responsible for the production of 9 480 tonnes of 

arsenic trioxide per year. This would make Giant Mine the largest supplier of arsenic in the 

world, producing 20% of the total world supply per year.  The influx of production would 

decrease market prices unpredictably leading to a high-risk project. 

1.3.1.8 Arsenic Production at Giant Mine 

Prior to 1958, arsenic production was only infrequently approximated by operators. After 

1958, releases were documented much more rigorously as part of the daily metallurgical balance. 

In this thesis, the following arsenic production schedule is used based on the data compiled by 

SRK (Indian & Northern Affairs Canada, 2010). It is assumed that one arsenic containment 

chamber was filled per year on an uninterrupted basis in proportion with annual throughput. This 

was the most impartial way to distribute production in the absence of detailed mine plans since 
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the filling rate would fluctuate with arsenic head grade. The remaining 20 000 tonnes of arsenic 

trioxide were released to the atmosphere from the roaster stack directly. Figure 14, seen below, 

illustrates the quantities of arsenic trioxide produced. Arsenic production grew rapidly until the 

early 1960s as the mine began to process ore with more sulphide material. These values represent 

only the net production of arsenic trioxide produced by the roaster itself, not in tailings. 

 

 

Figure 14: Giant Mine arsenic production 

Most arsenic emissions occurred in the first ten years of operation.  Arsenic emissions to the 

environment decreased sharply after 1951 after the cold ESP was installed. Emissions were 

largely eliminated in 1959 with the installation of the second hot ESP. Nearly all arsenic was then 

retained underground and further changes in production rate can be attributed to fluctuating 

arsenic head grade. Early arsenic releases weight’s EFA contributions attributable to surface 

remediation heavily towards the early years of mine operation. Arsenic storage remediation costs 
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become more prominent in the intermediate years of operation when ESP operations were 

efficiently processing the complex ore. 

Very little data is available on the annual arsenic head grade to the mill or the arsenic grade 

of the tailings by year. The arsenic head grade is required to estimate the proportions of arsenic 

distribution throughput the various mill products. The arsenic head grade estimate is shown in 

Figure 15, and assumes that arsenic is proportional to gold head grade in a relationship developed 

in Figure 16. Furthermore, it was necessary to assume a negligible change in arsenic flotation 

selectivity as a function of grade, that is, the mill produced tailings with a steady grade of arsenic. 

In practice, changes in selectivity would cause some variation in arsenic in the tailings over time.  

 

Figure 15: Arsenic head grade estimation 

The relationship between arsenic and gold grade indicates a marginal correlation, as seen 

below in Figure 16. This supports the mine’s sulphide associated gold but would have also 

concentrated arsenic releases into the early years of operation under a high grading mine plan. 
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Figure 16: Correlation of arsenic with gold grade 

1.3.2 Open Pits 

The Giant site contains open pits which can be easily accessed. The site is fenced off to the 

public, but this is insufficient for long term site control. Pit locations can be seen circled in green 

on the site map shown below in Figure 17Figure 17.  They are structurally stable over the short 

term but will deteriorate over time due to cracking, thawing and groundwater related sloughing. 

Surface subsidence has occurred in exposed areas along the bottom of several open pits due 

to the failure of underground workings nearby. Backfilled stopes have also begun to fail due to 

weathering where they have been mined through by open pits. 

Pit A is located at the southernmost extremity of the mine property and is subdivided into 

two sub-pits with a combined volume of 1.246 Mm3. Pit B is subdivided into four sub-pits, called 

B1-4 respectively with a total volume of 0.6 Mm3 spread across the central and northern regions 

of the mine.  Pit C is a single pit with a volume of 0.395 Mm3. Pit D or “Brock Pit” is very small, 

containing only 6 000 m3 constructed to extract a small zone of high-grade ore near surface.  
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Figure 17: Map of Giant Mine including open pit locations (Murphy, 2005) 
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1.3.3 Surface Tailings and Water 

Over its life, the Giant Mine produced a total of 9.5 Mt of dry tailings which was contained 

in four ponds: North, Central. South and Northwest. A portion of early mine tailings was also 

deposited directly into Great Slave Lake, referred to as historic foreshore tailings and requires 

specific treatment.  

Each pond is retained by a series of dams which have been regularly inspected since 1979. A 

2004 review found no immediate safety concerns regarding their stability but recommended a 

study to monitor and predict damn performance over the long term (SRK Consulting, 2005). 

Seepage from the dams remains a significant concern. Additional dams were constructed to 

channel seepage into collection ponds which are then pumped back to the tailings impoundment.  

Average total flow rate from the North, Central and South ponds is currently 3 to 5 m3 per day, 

containing 1 to 3 mg/L of arsenic. Northwest pond generates 7 to 9 m3 of water per day which 

contains an estimated 1 to 3 mg/L of arsenic These values are well above Northwest Territories 

acceptable water quality guidelines which allow a maximum of 0.6 mg/m3 and above the short 

term occupational exposure or the 1 mg/L allowable under MMER grab sampling (SENES 

Consultants Limited, 2005). 

Most of the water on site is also stored in these tailings impoundments. The North pond can 

contain approximately 160 000 m3 of water, averaging 7 to 11 mg/L arsenic while the Northwest 

pond can contain a maximum of 900 000 m3 of water with an average arsenic concentration of 15 

mg/L (Indian & Northern Affairs Canada, 2010). 

Baker Creek passes through the center of the site and has suffered extensive damage and 

modification by the mine including physical relocation. The creek bed has become contaminated 

with high levels of arsenic as it collects arsenic bearing surface waters. 
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1.3.4 Underground Water Infiltration 

The greatest compounding factor which complicates the reclamation of Giant Mine is the 

influx of underground water that enters the site as runoff from Baker Creek, rainfall, and 

subsurface groundwater.  Constant pumping of water keeps the mine workings dry which can 

vary between 2000 m3 and 4000 m3 per day (SRK Consulting, 2005), requiring the operation of 

expensive pumping equipment. These costs make up the bulk of Giant Mine’s current 

maintenance budget which is used to keep the mine from deteriorating further until a permanent 

solution is implemented. 

As a result of the pumping the mine acts as a low point in the water table causing a reversal 

of groundwater flows from Great Slave Lake. As a result, lake water now infiltrates the southeast 

walls of Pit A2 (Murphy, 2005). 

Any water that flows into the pits is directed underground through open mine workings. 

Depending on where it travels through, the water can absorb significant quantities of arsenic as 

summarized in Table 4 below. 

Table 4: Mine water arsenic concentration by source (Indian & Northern Affairs Canada, 

2010) 

Water Source As Concentration (mg/L) 

Soils, Bedrock and Mine Walls 0.05 

Northwest Tailings Pond Seepage 7 

Tailings Backfill 5 

Waste Rock Backfill 1.5 

Arsenic Chambers 4000 

1.3.5 Underground Workings and Loss of Permafrost 

Each of the arsenic containing stopes underground were selected to contain arsenic over long 

period of time. Exposing bedrock to air through underground workings and the latent heat of the 

arsenic dust has led to a gradual decrease in ground temperature and a thawing of permafrost. 

Thawing then allows for further inflows of water, further accelerating the rate of thawing and 
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arsenic release. This positive feedback loop is the primary hazard which needs to be mitigated in 

order to ensure the long term safety of the mine and will be a major challenge to reclamation 

efforts (SRK Consulting, 2004). 

1.3.6 Mine Debris and Waste 

While generally not considered to be a major hazard due to its localized effects, the presence 

of mine debris and waste on site poses an environmental hazard in the long term as it deteriorates 

over time. This includes process equipment, buildings, shaft headframes, maintenance supplies, 

fuel dumps as well as other mining detritus such as waste steel and spent consumables. 

The most simplistic solution to this issue is to simply recycle any recyclable material and 

landfill any waste. However, much of it is still contaminated with a variety of different substances 

including, but not limited to arsenic, asbestos, hydrocarbons, cyanide and other chemical 

reagents. 

The majority of mine infrastructure contains asbestos as a flame retardant. It is concentrated 

in facilities or machines where large amounts of heat were generated or where the risk of fire was 

high, such as the roaster complex or motor housings. Asbestos is a known carcinogen and when 

disturbed, the friable strands emit particles that con lodge in the respiratory tract of anyone 

exposed to the dust and can cause cancerous growths over time (World Health Organization, 

2010). The removal of asbestos requires a significant amount of added precautions to minimize 

potential exposure, greatly increasing the time and cost of reclamation.  

Hydrocarbons are also present on site due to historical spills or the decomposition of fuel 

and lubricant containers over time. They are generally contained in small areas but have the 

potential to infiltrate the water supply over time. Hydrocarbons are known to have large effects 

on aqueous processes, such as the water treatment process at Giant. Preventing such 

contamination before it occurs simplifies future water treatment efforts. 
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Cyanide was used on site for the leaching of gold but was remediated prior to the closure of 

Giant due to its well-known toxicity, prominence in regulation, public opinion and relative ease 

of remediation. Some trace quantities of cyanide are still present on site but are a minor, 

contained hazard.  

1.4 SRK Reclamation Plan 

SRK has been awarded the contract to reclaim the mine as lead contractor and has produced 

an initial mine reclamation plan which is currently undergoing environmental assessment (EA). 

As part of the EA, a publicly available summary of the plan has been produced in detail as 

published in 2010. This plan is used as the basis of future cost estimation and for the purpose of 

this thesis, will be treated as a true and accurate value. In this thesis, the SRK estimate will be 

used as both comparison metric for the RECLAIM model as well as to calculate a series “true” 

EFA cash flows that allow for the mine to finance reclamation in full. The plan focuses on five 

major objectives:  

1. Prevent the release of underground arsenic 

2. Minimize the total annual release of arsenic 

3. Restore surface conditions to a level acceptable for other future use 

4. Remove physical hazards on surface 

5. Rehabilitate Baker Creek to acceptable conditions 

It is expected to be comprised of 2 years of construction, a period of 15 years of active 

operations, followed by 10 years of ongoing monitoring to ensure success.  A more detailed 

breakdown of rehabilitation task scheduling can be seen below in Figure 18
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Figure 18: Rehabilitation Project Scheduling 

Project Year/Task 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Dewatering

Open Pit Remediation

Borrow Source Area Remediation

Tailings and Sludge Ponds

Water Treatment Plant

Baker Creek Rehabilitation

Historic Quarries, Borrow Sources and Overburden Piles

Contaminated Soils Excavation and Reclamation

Buildings and Infrastructure Disposal

Freeze System Construction

Active to Passive Freezing

Active Freezing UG

Active Freezing Surface

Frozen Block Monitoring

Passive Monitoring and Maintenance

Other (Overhead, Structural)
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The active phase will comprise the bulk of labour on site including infilling some open pits 

and access points, construction of water treatment facilities and the so called “frozen block 

method” of arsenic stabilization. The block freeze method is a novel technique in mining 

reclamation where a large refrigeration system is installed around the arsenic chambers. The 

system is then used to freeze a cylinder of ground surrounding the chambers to produce an 

impermeable barrier. After the ring has been established and verified, the chambers will then be 

filled with water and frozen in situ. The intention is to establish an artificial permafrost region 

that will remain stable over long periods of time and limit the release of arsenic to manageable 

levels. After the block has been established, refrigeration will transfer from active to passive 

systems to minimize heat loss and operating costs for long term monitoring. It is understood by 

SRK that some releases are inevitable but must be kept at a level with which the surrounding 

ecosystem can process and disperse biologically without harm. There are some parallel 

applications of this freezing technique seen in shaft sinking or tunneling when passing through 

aquifers (Schmall & Maishman, 2007). In these instances, the freezing is generally not permanent 

and is held only until a more stable physical barrier can be erected. Except for the block freeze 

method, all other reclamation activities are relatively common with established best practices that 

have been used in many other mines. Previous industrial applications allow for more accurate 

cost estimation and planning of new operations. Furthermore, the developed experience in 

performing these tasks provides a better understanding of operational risks which would 

otherwise be unknown. 

Many other alternative techniques were considered by SRK but were found to pose too much 

risk either to long term environmental safety due to lack of long-term stability or arsenic trioxide 

re-handling.  
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Chapter 2 

Literature Review 

2.1 The Legacy Issue of Mining 

As discussed briefly in the introduction, the operational history of the mining industry has 

led to a legacy of environmental and social harm. Over time, the environment can be 

compromised or changed by mining operations. Much of this damage has been caused by 

historical mines which ceased production long since abandoned by their operators but the 

potential for more damage by current mines still exists. 

Long lasting damage is intergenerational in nature making it difficult to rationalize as a 

single person.  Complicating this is the rapidly changing flux of corporate ownership, acquisitions 

and bankruptcy so it is not always clear where responsibility for a given hazard lies. Rubio (2012) 

has described this legacy as the most critical issue to mining if the industry is expected to 

function effectively in modern social and political structures. 

This legacy is international and is not unique to Canada alone. Some measures such as Basel 

Convention (United Nations, 1992) have been taken to mitigate the damage caused by mining but 

international consensus on how best to manage the legacy issue as a whole is slow in coming. In 

the absence of international law, it falls to individual nations to regulate the actions of mining 

companies operating within their own borders. These regulations are often seen as deterrents to 

investment because s they represent additional costs associated with extra mitigation 

technologies, inspections, permits, delays and engineering work. 

 Other programs such as the International Cyanide Management Code (ICMC) have been 

instituted on a voluntary basis by the mining industry itself as a means of establishing 

international best practices. Best practice guidelines benefit the member companies financially 

and reduce operational hazards. A reduction of hazards in turn decreases the potential government 
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exposure to future liability. The International Council of Mining and Metals (ICMM) is 

particularly active in this regard and produces best practice guides on a variety of relevant topics 

including interactions with sustainable development and human rights, both of which are highly 

relevant to the social aspect of the legacy issue. 

2.1.1 Internalization of Environmental Costs 

A major challenge in the legacy issue of mining is the internalization of environmental costs. 

Many of these costs are unknown at the time of operation and only become apparent well into the 

life of mine. By that time, permanent damage may have been done to external stakeholders.  Both 

the United States and Canadian governments have both adopted this opinion and now focus on 

enforcing the “Polluter Pays”3 principle on existing mines while using federal funds for historical 

reclamation. A few specific taxes exist to fund reclamation projects but are largely paid by the 

chemical and petroleum industries (Environmental Protection Agency, 2011). 

American legislation under the Comprehensive Environmental Response, Compensation, 

and Liability Act of 1980 has required that not only should the mining industry be responsible for 

its current operations but should also be responsible for the externalities of the past. This required 

contributions by mining companies into a public reclamation superfund in order to compensate 

for the multi-billion dollars’ worth of reclamation work required at historic abandoned mines 

under federal control. This raises complex questions on the tracking of responsibility and 

accountability for environmental issues in relation to Canadian abandoned mines which have yet 

to be fully answered. 

Tracking ownership for an environmental externality over time is complex in and of itself. 

Many mines exist in geological regions or “camps” that contain several other similar mines. This 

 

3 This principle identifies, as guide to the interpretation of law in most OECD countries, that the party 

responsible for environmental harm should ultimately be responsible for paying for any necessary 

rehabilitation. 
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can make it difficult to isolate the effects of one mine from another when damage is not caused by 

a point source or discrete event. Even when sources can be isolated, Valiela (2007) has argued 

that in a Canadian context, despite a willingness to share information, it is difficult to allocate 

responsibility to a single agency or industry. Valiela argues this problem has been largely 

eliminated under modern law for new mines though the issue remains for older mines which pre-

date legislation. Furthermore, the bankruptcy of mining firms leaves little or no recourse for 

compensation of any form. Companies can also divest themselves of properties with known long-

term liabilities after mine closure to limit reclamation expenses. 

Bithas (2011) argues that while externalities can be minimized through proper planning and 

implementation, every economic action will always produce some form of external impact, 

however minimal. Fortunately, he also argues that sustainability can still be achieved in the 

presence of externalities so long as they are within the bounds of the broader ecology’s ability to 

assimilate. This aligns with SRK’s approach to Giant Mine reclamation in allowing for minimal 

arsenic releases tolerable by the broader environment. Bithas concludes that the practical limit for 

the generation of externalities and relevant regulatory policy is then a function of the 

environment. Care must be taken to not exceed this limit as it could then result in unsustainable 

ecological damage. Consequently, steps must also be taken to ensure that there exists a method of 

conflict resolution for damages that do occur or else these unknown externalities would 

accumulate without adequate compensation or neutralization. In this sense, EFA regulations 

could be a method of conflict resolution and compensation.  

2.1.1.1 Valuation of Externalities 

Compensation for externalities requires a fair valuation in the market. A number of 

techniques exist to place a value on environmental services including productivity estimates, 

technological service replacement costs, travel costs, hedonic costs or indirect costs generated 
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through public survey (King & Mazzotta, 2000). These techniques estimate how much value a 

rational economic actor would place on a given environmental impact or service.  

Technological service replacement cost estimation works best when impacts are well 

understood biologically and can be reproduced with available technology, but this is rarely the 

case in practice. For example, the water purification service provided by a bog may be 

approximated by the construction costs of an equivalent water treatment plant. This however is 

often a gross simplification of the broader services the bog provides as an ecosystem and 

necessitates an equivalent calculation for each such service. 

Travel cost estimation applies a value to an environmental service by comparing the amount 

of time individuals are willing to spend in travelling to the physical location from their homes. 

This time then has an associated cost based on that individual’s earning potential and time value 

of money. This value can either be used as that particular individual’s valuation of a service or 

summed with other visitors to produce an agglomerate estimate of total value.  

Hedonic cost estimation uses the prices of established market goods that reflect the quality 

of their environment to produce an estimate of environmental service costs.  A common example 

of hedonic pricing uses the housing market. The price of a house will reflect the quality of the 

environment it exists in and with a sufficient population of transaction prices, the effect of the 

environment on property value can be estimated. 

Indirect methods estimate environmental service costs by posing a series of comparative 

questions in a survey which can determine the relative preference of an individual for an 

environmental service over several other alternatives of known value. Survey results will then 

produce an estimate of environmental service value as a range between two known values. 

Under Canadian law (Government of Canada, 2013), the value of environmental financial 

assurances capital specified is required to be sufficient to reclaim all mine operations that have 

occurred or will predictably occur in the operational year. In this thesis, both the SRK estimate 
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and the RECLAIM estimate constitute technological service replacement cost estimation as they 

seek to recreate acceptable environmental conditions through artificial means. From this, we can 

infer that the current cost of the loss of environmental services at Giant Mine is equal to or greater 

than the cost of reclamation or else it would not take place. 

2.2 Private Sector Perspectives on Reclamation 

Opinions on reclamation depends highly on the perspective it is seen from. This section will 

discuss the relative positions of mining companies to government regulators on the subject.  

The private sector is generally focused on maximizing profitability and rate of return while 

minimizing risk exposure in order to achieve a return on investment. The profitability of a 

business enterprise is the primary metric by which its health is determined. A firm which fails to 

generate sufficient profit will eventually be forced into bankruptcy in the absence of external re-

investments. Many of the world’s leading mining companies, including BHP Billiton (2014), Rio 

Tinto (2014) and Vale (2014) have made clear public statements regarding their commitment to 

sustainability, environmental stewardship and community relations. These commitments require 

careful evaluation to be balanced with the financial needs of the private sector. 

A survey performed by ICMM (2005) examined industrial perspective on environmental 

financial assurances in detail. They found that many mining companies they surveyed found the 

use of environmental financial assurances to be a major deterrent to their investment in each 

project. In addition, they surveyed companies on their opinions on all the EFA vehicles used in 

this thesis. From this survey, ICMM ranked EFA vehicles in order of private sector preference 

from most preferred to least as follows: 

1. Corporate Promise/Guarantee 

2. Letter of Credit 

3. Bonding 

4. Trust 
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5. Cash 

As would be expected, these rankings show the private sectors preference for less expensive 

measures over more expensive ones.  

2.2.3 Reclamation Law 

In a Canadian context, regulation of reclamation has been focused on two primary effects, 

impact minimization and ensuring the internalization of externalities. To limit the potential for 

harm, the Government of Canada through its many ministries, departments, agencies and Crown 

corporations has instituted and enforces a number of Acts and policies which limit the level of 

harm which may be incurred as part of mining operations. These include The Minerals and Metal 

Policy of the Government of Canada, Nuclear Safety and Control Act, Species at Risk Act, 

Fisheries Act, Canadian Environmental Protection Act, and the Canadian Environmental 

Assessment Act as well as the Mine Site Reclamation Policy, and Metal Mines Effluent 

Regulations. These acts, policies and regulations provide basis to establish legal bounds on 

acceptable environmental effects by mining operations as well as procedural frameworks to 

ensure operational compliance and public awareness from preliminary economics to construction 

to post-closure. As such they provide a boundary for the conditions in which mines can operate 

and still produce minimal risk to external stakeholders. While regulations of this style do adopt 

the “Polluter Pays” principle to ensure accountability, they are focused on limiting risk.  

The other desired effect of reclamation law is ensuring correction or equitable compensation 

for the operational effects of the mine over its entire life cycle to allow for the full internalization 

of external costs (Bruce, 1988). These regulations are based out of a legal framework of 

accountability and responsibility of miners. They are intended to provide legal recourse to 

effected stakeholders to ensure adequate compensation for harm as well as to ensure productive 

dialogue between parties. 
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Wenig & O’Rielly (2005) produced a comparative summary of reclamation law in the 

Northwest Territories with other Canadian jurisdictions. To compare, they defined an ideal policy 

regime which is divided into eight criteria. All the criteria must be present for a policy or 

combination of policies to be considered comprehensive. 

1. Subject scoping 

2. Reclamation planning 

3. Financial security requirements 

4. Integrates reclamation regime with other related law 

5. Capacity for jurisdictional modification 

6. Easily understood and clearly defined 

7. Decision making structure and process 

8. Public participation and government accountability 

While this thesis concerns itself primarily with financial security requirements, it is 

important to note that each of these criteria has a direct effect on the valuation of an EFA security 

either directly through increasing reclamation costs or indirectly by imposing procedural delay or 

complexity. 

2.3 Reclamation in Planning 

As has been shown, Canadian law requires that an operating mine have a reclamation plan in 

place as part of the environmental assessment process. As a necessity for project approval, 

planning for reclamation is then a fundamental element of successful mine design. This means 

that even before mine construction has begun there must be a plan in place to restore the affected 

areas. Planning such an operation is a complex engineering task and one that can be optimized 

both as a standalone activity as was done by SRK in the case of Giant Mine or as is recommended 

by Markley (1988), as part of the broader mining life cycle. 
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Before detailed planning can begin, the operator requires an understanding of the local 

environment including hydrogeology, soil composition, ecology, traditional uses and species at 

risk as part of the environmental assessment process. This allows for an estimation of the impacts 

of potential mine designs as well as defining a distinct boundary around the areas for which the 

mine is and is not responsible (Wenig & O'Reilly, 2005). This boundary may be physical in the 

case of property lines but can also be bounded by time. For example, a new mine may use their 

understanding of soil composition to justify that pre-existing soil contamination is beyond the 

scope of their reclamation activities despite its presence on site. 

Once the operator has defined the environment they intend to operate in, the mine plan itself 

can be optimized to produce the minimum impact. This is where specific regulations begin to 

effect engineering decisions regarding operational practices.  As has been previously described, 

these regulations place maximum practical limitations on the level of impact the mine may cause. 

Even with these regulations, it is often more economically sound to minimize impacts beyond 

what is required by law. Minimizing mining impacts not only lowers reclamation costs but also 

provides risk mitigation against possible future changes to more strict reclamation law.  

An effective reclamation plan is also a strong demonstration of engagement with and 

goodwill towards the local community. Markley (1988) argues that an effective reclamation plan 

can be an immense asset for when a mine is conducting its initial public consultations as the 

operator can then demonstrate their long term intentions. In addition, public opinions as to best 

end use of the land can also be incorporated to produce a more acceptable plan. Markley advises 

caution however as the end use of the land must still be within the reasonable scope of the 

operator’s ability to achieve. In their opinion it is not necessarily the responsibility of the mine to 

restore land to a new desired function, merely to restore it to a state which does not preclude its 

future use. 
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2.4 Reclamation Standards 

The standard to which reclamation is performed is a critically important factor to any plan. 

This standard dictates the time at which a company has the right to deem a project site fully 

reclaimed and are released from any future liability. It is unreasonable to assume that any mining 

site can be returned to its initial state as it has undergone irreversible physical change. It is 

equally unreasonable however, to compromise the long-term utility of a site and externalize its 

secondary costs to stakeholders who did not share in its benefit. A compromise must then be 

made that both allows for sufficient restoration of a site to a stable, productive state while still 

allowing a mining company to release their liability in a timely manner. 

Several publications have been written on the subject, most notably by the ICMM (2005) 

who indicates that a disrupted site should be restored in conjunction with local communities who 

can establish a best alternative case to maximize utility and mutual benefit. In the absence of a 

consultable stakeholder, the site should be restored to within an acceptable range of the baseline 

environmental conditions which existed prior to mining. Such a study was undertaken by SRK 

Consulting summarized in the Developer’s Assessment Report (2002). Detailed engineering was 

excluded from the SRK summary but can be found in related appendices and supporting reports. 

Aboriginal Affairs and Northern Development Canada (2007) specifically requires that estimates 

of reclamation costs for mines be made on an ongoing basis to incorporate the most current 

engineering plans. 

2.4.1 Progressive versus Non-Progressive Reclamation 

The ICMM (2005) claims the principle economic challenge of effective reclamation 

planning is the long-time frame from mine commissioning to closure. In time discounted dollars, 

it is most favourable to defer costs for as long as possible. As a result, prior to the implementation 

of EFA programs, all reclamation was left until the end of mine life. EFAs force operators to shift 

these costs up front into the year of occurrence where they have a much stronger influence on 
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NPV and other time sensitive economic measures. The shift of costs can have an immense effect 

on valuations making an otherwise economic project unattractive. Beyond the time value of this 

shift, EFA vehicles can also incur additional fees associated with their management, 

documentation and reporting that provide an additional incentive to minimize their accretion 

through progressively remediating over the mine life. 

Harrison et al. (2011) describe further challenges from a business management perspective. 

They argue that retaining such a large and increasing liability on the accounting books detracts 

from a firm’s financial security or more directly, its borrowing capacity.  

These factors together motivate the trend towards progressive reclamation. Progressive 

reclamation of a mine during operations allows for earlier return of EFA investments as well as a 

stronger balance sheet. There are a number of physical constraints which limit the application of 

progressive reclamation techniques. Effective reclamation can only take place when the physical 

asset to be reclaimed is no longer required by the mine and can be isolated from the rest of 

mining activities. This necessitates additional design constraints which may or may not be 

feasible for a given mine. Furthermore, progressive techniques require a larger equipment fleet in 

order to carry out reclamation simultaneously with mining activities whereas non-progressive 

techniques can often utilize some portion the mining fleet post-closure. 

2.4.2 Double Costing 

Nauman (2010) describes another major concern to operations in the form of double cost 

payment. Since the purpose of an EFA is to fund reclamation in the event of default by the owner, 

funds within that EFA cannot be used to fund the reclamation themselves. They are instead held 

as collateral to motivate a firm to reclaim a site at their own cost before they are reimbursed from 

the EFA after the work is completed. The result is that a firm must pay the cost of reclamation 

twice, once to EFA and again to complete the work. Although the firm could expect to be 

reimbursed, the time delay between these three transactions implies a further opportunity cost 
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burden on the mining company. Nauman argues that the time delay imposes an additional unfair 

penalty for a mine which is actively complying with regulations and that funds should instead be 

withdrawn directly from the EFA.  

In practice, some jurisdictions require an independent assessment of completion at their 

convenience or a full reclamation before funds are released. It is generally agreed that the time 

delay between the assessment of reclamation and release of funds should be minimal. Minimizing 

the time delay between completion of work and inspection remains an unresolved issue in the 

mining sector. 

2.5 Environmental Financial Assurances 

The ICMM (2005) survey previously discussed in Section 2.2 includes an evaluation of the 

commonly used environmental financial assurances, which are summarized below. The value of 

an EFA is required to be calculated as if the work were to be performed by a third party as is the 

case for SRK whereas a discount of 10% or more could be expected on work performed within 

the company (International Council on Mining and Metals, 2005).  

2.5.1 Cash 

This EFA is the most stringent of all the defined forms. A company with a future closure 

liability is always required to retain cash on hand which is sufficient to fund all reclamation 

activities for as long as they shall be required. Furthermore, such cash holdings must be held 

beyond the immediate access of the company itself. Generally, the funds are provided to the 

government or legal firm who then hold it in escrow. Alternatively, a company can hold the 

allocated funds in a reserve account beyond their immediate access but still within the company 

itself. Some forms of investment can be allowed, generally only the purchase of government 

bonds or other risk-free investments under government control.  There are currently no tax 

incentives for utilizing this form of assurance or for any financial gains incurred as a result of 

investments. The lack of tax and investment incentives make it unpopular in industry, but this 
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form is quite common due to its ease of implementation and enforcement (International Council 

on Mining and Metals, 2005)  

2.5.2 Letter of Credit 

A letter of credit can also be an acceptable form of EFA so long as both the company and 

issuing bank have enough strength and credibility in order to make default unlikely. A list of 

banks which can provide such a recognized letter of credit is provided in Section 1 of the Bank 

Act of Canada. In return for issuing a letter of credit a bank will require an annual fee 

proportional to the value of the letter. This then makes the EFA more attractive to a company as 

only a small fraction of EFA value is lost to productive investment with the balance retained 

internally without restriction of use. When reclamation takes place, cash flow (either through 

executing the letter of credit or from cash) must still be made available from within the company 

to fund work.  

The disadvantage of this method is that when reclamation is not progressively occurring, the 

value and the corresponding annual fee of the letter of credit increases over the life of the mine.  

This fee is an additional cost to the mining company which would otherwise not be incurred. 

When the life of the mine is long, as is the case for the Giant Mine, continually paying this fee 

until the end of mine life can become expensive on an undiscounted basis.  

From a tax perspective, letter of credit fees are deductible from taxable income, allowing a 

modicum of tax savings. 

2.5.3 Bonding 

This EFA relies on a third-party contactor to perform site reclamation in the event of 

insolvency.  The third party is also completely responsible for funding reclamation efforts 

independently of the company. The company pays a third-party contactor a fee for them to 

assume this liability. This methodology is currently uncommon but is coming into prominence as 

more firms develop expertise in the mine reclamation process. A few consulting companies 
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including Golder and Associates as well as SRK Consulting have begun expanding dedicated 

reclamation business units within their organization which they have developed over time and 

may represent future sources for surety bonding. While this method has significant potential, 

there is insufficient data to model the financial effects of this EFA. 

2.5.4 Corporate Guarantee/Promise 

As the most lenient of all EFA measures, the corporate guarantee is the most highly sought 

after in industry. It is generally only awarded to well respected companies with a proven portfolio 

of other stable, non-correlated cash flows or with sufficient equity to finance reclamation even in 

bankruptcy. Firms such as these are essentially unaffected by the EFA process with no 

restrictions placed on their operation until reclamation is to occur. Reclamation is financed 

directly out of the company’s assets in whatever manner is deemed appropriate internally. This 

also simplifies tax treatment as no additional regulations are required and funds remain within the 

company. This methodology can also be reinforced through the use of a pledge of assets to ensure 

that some funding is available even in the event of default (The Yukon Department of Energy, 

Mines, and Resources, 2006). In some cases, this can place the public stakeholder on the register 

of the company’s creditors to strengthen the obligation in the case of insolvency. As a result, it 

may have some impact on the company’s borrowing power for future debt offerings. 

2.5.5 Trust Funds 

Unlike a simple cash EFA, a trust fund has the advantage of more investment opportunities 

for the cash retained. However, in order to satisfy the criteria of an EFA requiring that funds be 

available in the event of insolvency, a third-party certified trustee under the Income Tax Act must 

be in control of the fund.  There are further rules as to which securities can and cannot be retained 

in such a fund but are beyond the scope of this thesis apart from an approximate estimate of 

expected return used in financial models. 
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The tax treatment of trusts is complex. In general terms, investment into funds is treated as 

entirely external to the company. This means investments into the fund are tax deductible, but any 

capital gains within the fund are taxed further at the corporate rate. Additionally, when funds are 

withdrawn back into the company they are taxed again as regular income. This double taxation is 

one of the most significant flaws in current implementations and has also been the subject of 

discussion which has not yet been resolved (PriceWaterhouseCoopers, 2009). 

2.5.6 Financial Tests 

The application of financial tests to EFA computation is a contentious topic (International 

Council on Mining and Metals, 2005). This method allows for a company to operate under a 

conditional corporate guarantee to reclaim their own mine so long as appropriate financial tests 

are satisfied on an annual basis. Financial tests are convenient and low cost but suffer from 

exposure to rapid changes in market conditions. When metrics are calculated only on an annual 

basis, they leave room for significant change in the interim period. A significant external change 

a variable such as metal price or economic policy may render an otherwise profitable mine 

uneconomic within the span of weeks or months. As a result, a mine placed in receivership which 

was operating under a financial test EFA would not necessarily be able to finance reclamation.  

Additionally, because they rely on financial data these tests can only be as current as the 

upkeep schedule of the dataset. 

2.5.6.1 Specific Tests 

Habegger (2005) reviewed several tests in American regulatory settings and found 

significant differences in the financial status predicted by each.  The tests are described below: 

2.5.6.1.1 US EPA Financial Tests 

The EPA prescribes the use of one of two financial tests to predict bankruptcy risk. Test #1 

can be used by any firm whereas Test #2 requires a bond rating from a credible rating agency. 
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Test 1 requires the company of interest to satisfy 2 of the following conditions: 

 

Condition 1: 

𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠

𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ
 < 2.0 

 

𝑁𝑒𝑡 𝐼𝑛𝑐𝑜𝑚𝑒 + 𝐷𝑒𝑝𝑟𝑒𝑐𝑖𝑎𝑡𝑖𝑜𝑛 + 𝐷𝑒𝑝𝑙𝑒𝑡𝑖𝑜𝑛 +  𝐴𝑚𝑜𝑟𝑡𝑖𝑧𝑎𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
 > 0.1 

 

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐴𝑠𝑠𝑒𝑡𝑠

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
> 1.5  

Condition 2: 

 𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ > $10 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 

 

Condition 3: 

𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ + 𝑁𝑒𝑡 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐶𝑙𝑜𝑠𝑢𝑟𝑒 𝐶𝑜𝑠𝑡𝑠
> 6 

 

Condition 4: 

90% of Assets located in the United States  

OR  

𝐴𝑠𝑠𝑒𝑡𝑠

𝐶𝑙𝑜𝑠𝑢𝑟𝑒 𝐶𝑜𝑠𝑡𝑠
> 6 

 

Test 2 requires all of the following conditions be satisfied: 

 

Condition 1: 

𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ > $10 𝑀𝑖𝑙𝑙𝑖𝑜𝑛 

Condition 2: 

 

𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ

𝐶𝑢𝑟𝑟𝑒𝑛𝑡 𝐶𝑙𝑜𝑠𝑢𝑟𝑒 𝐶𝑜𝑠𝑡𝑠
> 6 

Condition 3: 

90% of Assets located in the United States, which must account for 90% or more of closure costs 

 

Condition 4: 
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𝐴𝑠𝑠𝑒𝑡𝑠

𝐶𝑙𝑜𝑠𝑢𝑟𝑒 𝐶𝑜𝑠𝑡𝑠
> 6 

Condition 5: 

Most recent bond issuance must be rated at BBB or higher by Standard and Poor or Baa or higher 

by Moody’s 

2.5.6.1.2 Grice and Ingram 

Grice and Ingram propose a definition of financial distress in their 2001 paper as firms with 

a bond rating below B. Due to the lack of bond ratings for the source data used in this 

investigation, indicators that require bond ratings are not considered in this analysis. 

2.5.6.1.3 Auditor Opinion 

Professional auditors can be called upon to provide an opinion as to the financial health of a 

company. This opinion can be qualified with supporting evidence, unqualified, or qualified with 

clarification indicating varying degrees of confidence or credibility.  This indicator is unique 

among those surveyed in that it involves the personal judgement of single auditor who may 

impart a bias in results. This option is similar to a bond rating in function. 

2.5.6.1.4 Bond Rating 

Bond ratings are provided by dedicated ratings agencies such as Moody’s or Standard and 

Poor to qualify the likelihood of a bond issuance reaching maturity which can be considered an 

indicator of the risk of bankruptcyy over the bond duration. 

Firms are considered to have passed this test if they have a bond rating greater than BBB. 

2.5.6.1.5 Altman Z-Score 

Altman Z-Scores are calculated utilizing a multivariate, statistically derived function created 

by Altman (1968) to classify a firm into one of three categories: Healthy, Indeterminate or 

Unhealthy. For the purpose of this thesis, a more conservative approach will be taken with an 

indeterminate rating considered to be unhealthy as well. The formulae for both public and private 

firms can be seen below in Equations 3 and 4 respectively. 
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𝒁𝒑𝒖𝒃 = 𝟎. 𝟎𝟏𝟐𝑨 + 𝟎. 𝟎𝟏𝟒𝑩 + 𝟎. 𝟎𝟑𝟑𝑪 + 𝟎. 𝟎𝟎𝟎𝟔𝑫 + 𝟎. 𝟗𝟗𝟗𝑬 ( 3 ) 

Such that; 

𝑍𝑝𝑢𝑏 = 𝑇ℎ𝑒 𝑍 − 𝑆𝑐𝑜𝑟𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑓𝑜𝑟 𝑎 𝑝𝑢𝑏𝑙𝑖𝑐 𝑓𝑖𝑟𝑚, 𝑍𝑝𝑢𝑏 < 1.81 = 𝑈𝑛ℎ𝑒𝑎𝑙𝑡ℎ𝑦 

𝐴 =  
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

𝐵 =  
𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

𝐶 =  
𝐸𝐵𝐼𝑇

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

𝐷 =  
𝑀𝑎𝑟𝑘𝑒𝑡 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐸𝑞𝑢𝑖𝑡𝑦

𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
 

𝐸 =  
𝑆𝑎𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

 

𝒁𝒑𝒓 = 𝟎. 𝟕𝟏𝟕𝑨 + 𝟎. 𝟖𝟒𝟕𝑩 + 𝟑. 𝟏𝟎𝟕𝑪 + 𝟎. 𝟒𝟐𝟎𝑫 + 𝟎. 𝟗𝟗𝟖𝑬 ( 4 ) 

Such that 

𝑍𝑝𝑟 = 𝑇ℎ𝑒 𝑍 − 𝑆𝑐𝑜𝑟𝑒 𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟 𝑓𝑜𝑟 𝑎 𝑝𝑟𝑖𝑣𝑎𝑡𝑒 𝑓𝑖𝑟𝑚,  𝑍𝑝𝑟  < 1.23 = 𝑈𝑛ℎ𝑒𝑎𝑙𝑡ℎ𝑦 

𝐴 =  
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐶𝑎𝑝𝑖𝑡𝑎𝑙

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

𝐵 =  
𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 𝐸𝑎𝑟𝑛𝑖𝑛𝑔𝑠

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

𝐶 =  
𝐸𝐵𝐼𝑇

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

𝐷 =  
𝑁𝑒𝑡 𝑊𝑜𝑟𝑡ℎ

𝐵𝑜𝑜𝑘 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐿𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑖𝑒𝑠
 

𝐸 =  
𝑆𝑎𝑙𝑒𝑠

𝑇𝑜𝑡𝑎𝑙 𝐴𝑠𝑠𝑒𝑡𝑠
 

2.5.7 Other Forms 

Many bodies governing the establishment of EFAs include a provision for other forms of 

assurances at the discretion of a minister or governing body.  These could theoretically take any 

form so long as they satisfy the purpose of an EFA to the satisfaction of the minister. In the case 

of Northwest Territories, the primary concern is that any instrument posted be “readily 

convertible to cash” (Aboriginal Affairs and Northern Development Canada, 2002). 
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2.6 Discount Rate Selection 

Due to the long timescales involved from mine development to final closure, the selection of 

an appropriate discount rate can have an immense effect on the valuation of a project.  In the case 

of Giant Mine, over 50 years will have elapsed from commissioning to closure.  Using an 

inappropriate rate results in the large negative cash flows associated with a reclamation project to 

be either under or overestimated.  

Contemporary economists and accounting firms have argued for several different discount 

methodologies. 

2.6.1 Conventional Exponential Discounting 

Conventional exponential methods are well established in industry. These discount rates are 

all used to calculate present values of future cash flows by discounting using the following 

equation: 

𝑷𝒓𝒆𝒔𝒆𝒏𝒕 𝑽𝒂𝒍𝒖𝒆 =  
𝑭𝒖𝒕𝒖𝒓𝒆 𝑽𝒂𝒍𝒖𝒆

(𝟏+𝒓)𝒕       ( 5 ) 

Where: 

 r = discount rate per time period, and t = number of periods to future cash flow 

2.6.1.1 Non-Discounted, or Zero Discount Rate 

The use of undiscounted cash flows provides an unbiased perspective from which to begin 

analysis. It is the most risk averse method of discounting, implying that no returns can be made 

on cash flows over time. Ignoring the time value of money is useful in examining the economics 

of long-term projects for indefinite stakeholders. 

In projects of extreme magnitude, beyond the lifespan of an average individual, the use of 

even a very low discount rate hides intergenerational transfers of harm and benefit due to the 

compounding nature of discounting. These transfers shift harm to future generations while 

maximizing present benefit, creating intergenerational inequity. Beckerman (2007) suggests that 

an equitable discount rate to use in such situations is zero. They argue that for true 
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intergenerational equity, the timing of harm and benefit of a project is irrelevant and thus 

intergenerational equity would be preserved.  

2.6.1.2 Risk Free Rate 

The use of a risk-free rate, however it may be calculated, is quite common in literature for 

discounting longer term projects (PriceWaterhouseCoopers, 2010). The risk-free rate is the 

expected rate of return on a hypothetical “guaranteed” investment, usually in reference to the rate 

of return of a bond issued by an economically stable country. In practice the risk-free rate is 

usually based on bonds issued by the Government of the United States though other bonds, 

including those issued by Canada, Japan, and other countries are also used. Government bond 

rates are publicly available with supporting documentation making risk free rate an external and 

simple standard metric to compare projects. Exactly which risk free rate to use is a matter of 

debate (Damodaran, 1999) but it is commonly recommended that the rate be selected to best 

represent an equivalent risk free investment over a similar duration. This is challenging for ultra-

long duration projects (50+ years) as no government issues comparable bonds. A series of bonds 

may be modelled, but this imparts a new degree of risk as the rates of subsequent reinvestment 

are not known with confidence. 

As its name implies, the challenge with the use of a risk-free rate in direct project evaluation 

is that it neglects the inherent risk of the operating company as well as the risk of the project 

itself. It is often used as a reference rate or starting point for more complex formulations of 

discount rate as a base expectation of market return which can then be adjusted for project 

specific risk. 

2.6.1.2.1 Specific recommendations 

Pricewaterhouse Coopers (2010) describes a tendency to use a risk-free rate in discounting 

mine closure costs specifically. They recommend this as a general case as prudent investor 

principles are generally not applied, meaning that investments are required to be more cautious 
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than even a fully aware, reasonably prudent investment would assume. This is essentially a 

reflection of the purpose of an EFA existing to fund reclamation above and beyond a level of 

confidence due to even a well-informed company.  

2.6.1.3 Credit Adjusted Risk Free Rate 

Under International Financial Reporting Standards (IFRS), credit adjusted risk free rate is 

used in the calculation of several financial provisions and liabilities, including asset retirement 

obligations (Deloitte, 2013). This rate is a function of both the economy as a whole as seen in the 

risk-free rate as well as a premium for the status of the firm, represented by their credit standing.  

Credit Adjusted Risk Free Rate is commonly used in accounting but has also been used in 

project analysis (Deloitte, 2017). In this thesis is used to calculate the value of the asset retirement 

obligation (ARO). ARO appears as a liability on annual balance sheet as required by IFRS 

Regulation IAS 37. Calculated financial tests and indicators of financial health will be impacted 

by the selection of this discount rate.  

2.6.1.4 Weighted Average Cost of Capital/CAPM Model 

The weighted average cost of capital is a commonly used tool in industry calculated as seen 

below in Equation 6. It is widely accepted and in the case of public companies, reproducible from 

publicly available financial data. This discount rate is a function of the proportions of different 

forms of equity and liability and their respective expected rates of return. In the case of debt, the 

cost of debt is a function of loan terms which can be calculated in detail with the appropriate 

information. For a public company, an approximation can be made from disclosures in annual 

financial statements which will include summaries of debt-based financing. It is also important to 

understand the influence of the “tax shield” on debt because loan repayments are tax deductible 

whereas equity (as retained earnings or dividends) are after tax.  

𝑾𝑨𝑪𝑪 = 𝑲𝑬 (
𝑬

𝑬+𝑷+𝑫
) + 𝑲𝑫 (

𝑫

𝑬+𝑷+𝑫
) (𝟏 − 𝒕) + 𝑲𝑷 (

𝑷

𝑬+𝑷+𝑫
) ( 6 ) 
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Where:  

𝐾𝐸 = 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑒𝑞𝑢𝑖𝑡𝑦, 𝐾𝐷 = cost of debt, 𝐾𝑃 = cost of preferred equity, t = tax rate 

𝐸 = 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐶𝑜𝑚𝑚𝑜𝑛 𝐸𝑞𝑢𝑖𝑡𝑦, 𝐷 = 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝐷𝑒𝑏𝑡, 𝑃 = 𝑉𝑎𝑙𝑢𝑒 𝑜𝑓 𝑃𝑟𝑒𝑓𝑒𝑟𝑟𝑒𝑑 𝐸𝑞𝑢𝑖𝑡𝑦 

 

The cost of equity can be calculated by different methodologies. The Capital Asset 

Procurement Model (CAPM) can be used but requires an understanding of the risk-free rate, the 

risk of the market and the relative risk of the company, calculated as seen below in Equation 6. 

𝑲𝑬 =  𝒓𝒓𝒇 + 𝜷(𝒓𝒎 − 𝒓𝒓𝒇) ( 7 ) 

Where: 

𝑟𝑟𝑓 = 𝑟𝑖𝑠𝑘 𝑓𝑟𝑒𝑒 𝑟𝑎𝑡𝑒 , 𝑟𝑚 = market risk, 𝛽 =   
𝐶𝑜𝑣(𝐾𝐸,𝑟𝑚)

𝑉𝑎𝑟(𝑟𝑚)
  

Both Beta and market risk are calculable from publicly available market data in the case of 

public companies. Beta is a measure of the correlation of a stock’s price movement in relation to 

that of the market as a whole while market risk quantifies average annual market return.  

2.6.2 Alternative Discounting Methods 

The following methods have been seen in some applications in specific fields or under 

certain qualifying circumstances. Most are applied as a means of compensating for behavior 

which is unexplained by other methods such as intergenerational issues or the complications of 

long-time frames. While these methods are generally good at explaining these specific 

phenomena, they often violate rules of conventional economics such as time consistent decision 

making (Denant-Boemont, Diecidue, & l'Haridon, 2015). This can lead to seemingly irrational 

behavior when they are inappropriately applied. For example, time consistent decision making 

states that while its valuation may change, an economically favourable decision will remain 

favourable regardless of the temporal frame from which it is viewed. Many of the techniques 

examined below violate this rule by producing economic decisions that change over time.  

Techniques which are not time consistent are then only valid at a specific moment in time. 

Care must be taken to either apply the metric at the specific time when the decision is to be made, 
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or if such a moment does not exist, the metric must be examined over a range of possible times to 

search for inconsistencies. If an inconsistency is discovered, it is more useful to revert to a time 

consistent metric. 

To compensate, these analyses are dependent on a much more detailed contextual 

understanding of the operational challenges as well as changes in the market that a project will 

experience in order to accurately calculate them appropriately.  

The knowledge of uncertainty of input parameters is also modeled in these methods. Many 

techniques which seek to model uncertainty are based upon stochastic or probabilistic methods to 

forecast in simulation. The most common implementation of these techniques is the Monte Carlo 

simulation, which randomizes the financial model inputs within a set of statistical constraints to 

produce a large number of potential scenarios. These methodologies are beyond the scope of this 

thesis as it is less relevant to a historical analysis where variation in data inputs are known with 

confidence. Alternatively, sensitivity analysis, particularly multi-variant sensitivity can be also 

used to provide an understanding of the range of possible outcomes when the range of uncertainty 

around input parameters is known and is applied in this analysis. 

The conventional argument against such methods is that if the project were understood in the 

level of detail required, a conventional discount rate could be modified to account for the added 

unknown risks.  

2.6.2.1 Negative Discount Rates 

Fleurbaey and Zuber (2013) have argued that environmentally related policies may warrant 

the use of a negative discount rate in evaluating their long term benefits.  This implies that it is 

better to spend now than later under the argument that it creates a system of lesser future risk 

which is not accounted for in the underlying cash flows. They argue many environmental services 

have been observed to provide growing environmental benefits over time which are not 

adequately encompassed in a traditional cash flow analysis. 
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This interpretation strongly contradicts conventional accepted best practices for individual 

decision making. It is applied from a government perspective in the analysis of long-term public 

policy related to the environment or long-term social welfare. Specifically, Fleurbaey argues that 

negative rates should be used in analyzing environmental policy on climate change. 

This method of discounting is the most specific of all methods discussed in this section with 

few if any practical industrial applications. Extreme caution must be used when extrapolating 

negative discount rates to extreme or indefinite timelines as the discount factor will magnify the 

effects of even small cash flows.  

2.6.2.2 Multiple Rates or Non-Constant Rates 

Tiwari argues that multiple discount rates can be used when a project can be divided into 

distinct phases, sections or sub-projects (Tiwari, 1994). Each division can be assigned its own 

level of risk based on its unique technical, operational, and environmental challenges. A division 

can be established by dividing a project into internal periods of time such as mine development, 

operation, closure and post closure. Phases can also be chosen based on discrete external events 

such as scheduled changes in public policy. For example, if a regulation with significant negative 

effect on a project were to come into effect at a known point mid project the discount rate on cash 

flows after this point may be increased to reflect the added project risk. The most convincing 

justification from Tiwari for the use of multiple rates involves treating a large project as the sum 

of simultaneous smaller projects, each with its own associated discount rate which reflects its 

own unique risks. The net present value of each of these projects can then be added to calculate a 

valuation for the project as a whole. Care must be taken however, as the valuation of these sub-

projects are not comparable to each other, nor is the project directly comparable to any other. The 

lack of comparability limits the use of multiple discount rates given that economic analysis is 

most often used to compare multiple alternative projects to maximize return of scarce capital 

rather than examining a single project in isolation. 
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Lawrence Smith (2000) argues against the use of multiple rates. He argues the depth of 

understanding required to model multiple rates appropriately should be used to better forecast 

accurate expected cash flows. As a result, only a single constant discount rate needs to be applied 

given that the specific risks of a given cash flow are then accounted for in the expected value. 

2.6.2.3 Social Discount Rate 

The methodological decision to exclude the social impact of Giant Mine precludes the use of 

social discount rate (SDR) in analyses. SDRs are intended to reflect the time preference of a 

hypothetical immortal trustee responsible for both current and future generations, approximating 

a perpetual government. Several criticisms of this definition do exist. Watson (1992) argues that 

the calculation of a specific SDR to represent an entire society is needlessly complex and should 

instead be replaced with a probabilistic methodology. Beckerman (2007) further argues that the 

construction of an SDR relies either on an assumed moral basis of decision making or a direct 

market model, when neither is satisfactory. They suggest alternative methods of derivation based 

in preference surveys and experimental trials. 

 The use of an SDR is recommended in cases where intergenerational equity is an issue, 

generally projects longer than 50 years. An SDR is generally used by governmental agencies in 

this application. For example, an SDR was applied in the Stern Review on the Economics of 

Climate Change (Stern, 2006) commissioned by the Government of the United Kingdom. 

Groom et al. (2005) provides a summary of SDR justification and calculation methods from 

a number of economic theories, most notably the Ramsey model of social welfare. In 1928, 

Ramsey developed his model seen below in Equations 8 through 10 to examine the optimum 

price a monopoly holder should set prices in order to maximize net social welfare. 

𝑼(𝒄(𝒕)) =  ∫ 𝒖{𝒄(𝒕)} 𝐞𝐱𝐩(−𝝆𝒕) 𝒅𝒕
∞

𝟎
 ( 8 ) 

Where: 

U(t) = utility, c(t) = consumption, u(c) = felicity, ρ = utility discount rate 
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Felicity is defined as the utility generation as a function of consumption, in this case 

qualified such that u’ > 0 and u’’ < 0 to ensure diminishing returns of utility. Utility discount rate 

used to represent the household’s impatience for new utility. Capital, k(t), is also important for its 

effect on output, f(t) described by the relationship seen in Equation 9. 

𝒌′(𝒕) = 𝒇(𝒌(𝒕)) − 𝒄(𝒕) ( 9 ) 

When utility in Equation 8 is maximized subject to the constraints of capital in Equation 9, 

the following differential equation is developed: 

𝒖′(𝒄(𝒕))𝒇′(𝒌(𝒕)) + 𝒖′′(𝒄(𝒕))𝒄′(𝒕) − 𝝆𝒖′(𝒄(𝒕)) = 𝟎   

This is then simplified to Equation 10: 

𝒇′(𝒌(𝒕)) = 𝝆 + 𝜽𝒈 ( 10 ) 

Where:  

g = c’(t)/c(t) and 𝜃 = −
𝑢′′

𝑢′
𝑐 

In this final form f’(k(t)), the marginal productivity of capital is equivalent to the social rate 

of time preference, or SDR. Calculation of SDR requires large quantities of market data in order 

to accurately estimate u, f, k, and c as functions of time to their second derivatives. Furthermore, 

quantifying 𝜌 as a measure of impatience for a given population requires extensive analysis. 

Boardman et al. (2008) recommend that in a Canadian context the use of an 8% SDR as 

calculated by the Treasury Board Secretariat (2007) is too high. Instead, they propose a decision-

making process summarized in Figure 19 below.  
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Figure 19: Decision making process for SDR selection (Boardman, Moore, & Vining, 2008) 

Using Figure 19, if SDR were valid for Giant Mine, the method would be structured as per 

the recommendations of Box C under the assumption that other private investment is available in 

the economy and is not crowded out due to the availability of other equivalent gold investments.  

2.6.2.4 Hyperbolic or Quasi-Hyperbolic Rates 

Hyperbolic discount rates are used to model economic behavior when choice is highly 

influenced by time in the near term but becomes increasingly less sensitive over long time 

periods. It models non-constant discount rates demonstrated by time inconsistent decision making 

seen in human and animal behavior (Frederick, Loewenstein, & O'Donoghue, 2002). In 

practicality, this behavior is seen when individuals negotiate internal compromises with their 

future selves as is seen in procrastination, credit card usage or “pay day loans”. These 

negotiations are described in terms of a “rational” self and an “impatient” self. This implies a 
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degree of naivety as the decision disregards the known future. Using this method, discount factors 

are calculated using Equation 11 below: 

𝑫𝒊𝒔𝒄𝒐𝒖𝒏𝒕 𝑭𝒂𝒄𝒕𝒐𝒓 =  
𝟏

𝟏+𝒌𝒕
    ( 11 ) 

Where: 

 k = discount rate and t = number of periods elapsed 

 In the absence of industrial data to model an expected discount rate, hyperbolic discounting 

is used in sensitivity analysis to considers a range of discount rates, k. 

Cropper (1998) shows that there are few if any industrial uses of this type of discounting, but 

it may be applied where risk is unknown or more commonly, uncertain, leading to irrational 

behavior. This might be seen when implementing truly novel technologies or operating in 

unstable political regions over long periods of time. These applications are rare as an analysis 

metric as there is almost always some estimation of risk available.  

The influence of unknowns is seen in the derivation of hyperbolic discounting. When the 

rate of an event’s occurrence, 𝜆,  is unknown, the discount factor formula can be developed from 

first principles in Bayesian analysis as follows in Equations 12 through 14, from Sozou (1998): 

𝑷(𝑹𝒕|𝝀) = 𝐞𝐱𝐩 (−𝝀𝒕)      ( 12 ) 

Equation 12 models the probability of an event after time t for known 𝜆, but when 𝝀 is fixed 

but unknown the probability of the even occurring prior to time t is shown in Equation 13 

𝒑(𝝀) =
𝐞𝐱𝐩(−

𝝀

𝒌
)

𝐤
       ( 13 ) 

Combining these, the probability of success after time t is defined as follows in Equation 14. 

Under these assumptions, that probability is the discount factor that modifies future value. 

𝑷 = ∫ 𝑷(𝝀)𝒑(𝝀)𝒅𝝀 =  
𝟏

𝟏+𝒌𝒕

∞

𝟎
      ( 14 ) 

Another more general form of hyperbolic discounting is described by Benhabib (2007) as 

quasi-hyperbolic, shown by Equation 15 below. This form allows for significantly more 
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variability by incorporating a secondary exponential parameter, g. A multivariate technique could 

be used to model significantly more detailed behavior of specific groupings.  

𝑫𝒊𝒔𝒄𝒐𝒖𝒏𝒕 𝑭𝒂𝒄𝒕𝒐𝒓 =  
𝟏

(𝟏+𝒌𝒕)𝒈/𝒌      ( 15 ) 

Where: 

k = discount rate, t = number of periods elapsed and g = exponential modifying constant 

2.6.3 Modified Internal Rate of Return 

When project cash flows experience multiple cash flow sign changes over project life, as 

was observed by Giant Mine, multiple internal rates of return can exist which can make 

comparisons between projects invalid (CFO, 2004). Instead, a modified factor can be calculated 

as follows in equation in order to produce a single value comparable across multiple projects.  

𝑴𝑰𝑹𝑹 = √
𝑭𝑽(𝒑𝒐𝒔𝒊𝒕𝒊𝒗𝒆 𝒄𝒂𝒔𝒉 𝒇𝒍𝒐𝒘𝒔 𝒂𝒕 𝒕𝒉𝒆 𝒓𝒆𝒊𝒏𝒗𝒆𝒔𝒕𝒎𝒆𝒏𝒕 𝒓𝒂𝒕𝒆)

−𝑷𝑽(𝒏𝒆𝒈𝒂𝒕𝒊𝒗𝒆 𝒄𝒂𝒔𝒉 𝒇𝒍𝒐𝒘𝒔 𝒂𝒕 𝒕𝒉𝒆 𝒇𝒊𝒏𝒂𝒏𝒄𝒆 𝒓𝒂𝒕𝒆)

𝒏
− 𝟏     ( 16 ) 

Where: 

n = total discounting periods elapsed 

This modification essentially uses multiple discount rates to account for a differential 

preference for reinvested capital and is the preferred method for comparing returns of similarly 

sized projects with multiple sign changes. The rate of reinvestment is assumed to be equal to 

WACC while the finance rate is assumed to be equal to the terms of the initial loan received at 

10%.  

MIRR will be used as a secondary econometric in addition to NPV and will help to evaluate 

the effect of EFA on the rate at which returns are generated beyond their discounted value. When 

examining a single project, a hurdle rate must also be selected to point of reference to judge 

economic attractiveness.  
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Chapter 3 

Cash Flow Model Development 

3.1 The Base Case Study 

Over its operating life, the Giant Mine generated significant profit for its owners.  This 

model case study considers the mine’s operational history on an undiscounted, 2019 Canadian 

dollar basis. A summary of the calculations can be found in Appendix C. 

Figure 20, replicated from Figure 10, can also be evaluated from the perspective of operation 

stress. These periods are when the mine was most likely to fail financially, most notably 1972, 

and the period of 1987-1991. These years represent least profitable periods of mine life and will 

feature highly in applications of financial test techniques.  

Again, it should also be noted that an additional data point exists at July 1st, 1960 when 

fiscal year convention was switched to January 1st of the following year.  

 

Figure 20: Gross operating margins (Bullen & Robb, 2002) 

Since EFA contributions must be made in a timely manner to mitigate environmental harm, 

it is important to understand the relative distribution of work in each year, any specific hazards 

associated with capital investments, as well as the effective release of contaminants and their end 
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disposition. For this thesis, this annual increase is applied in proportion different operating 

criteria. The allocation of EFA funds will be incurred in the year of the activity, proportional to 

the fraction of total contamination released or at the completion of a capital project. While this 

does neglect the expected operational life and depreciation of capital investments, reclamation 

costs are assumed to be constant after initial commissioning. 

Figure 21 illustrates the changes of operating cost in relation to changing gold price over 

time. The difference between these two values represents the operational profit from each ounce 

of gold produced. Over the first 15 years of operation, mine operations generated relatively 

constant profit per ounce. Gold spot remained relatively constant until 1968 due to the gold 

standard with minor fluctuations due to changes in exchange rate. Beyond this point, gold price 

fluctuates rapidly with operating costs moving largely in step as operators attempted to increase 

production output with operating cost lagging slightly behind spot price in time.  

 

Figure 21: Operating cost and gold spot price over time 

Mine capital expenditures are shown in Figure 22. Many of these are correlated with the 

introduction of additional environmental control measures as previously described. The most 
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prominent event takes place in 1988 which was a result of the installation of a chlorine water 

treatment plant in response to MMER.  This capital expenditure marks the final decline of Giant 

Mine in that these expenditures never break even.  

 

Figure 22: Capital expenditures 

The total cash flows including capital expenditures can be seen in Figure 23. This figure 

clearly shows losses after capital expenditure posted in many years in addition to the operational 

losses already discussed preciously. These losses would have been funded out of retained 

earnings from prior years. At no point after initial payoff does the mine return to a negative 

cumulative cash flow. The mine was still profitable for most of its mine life and could be 

considered a strong investment. As a whole, the project generated an undiscounted net pre-tax 

profit of M$ 627.7 CAD and an IRR of 26% making it a profitable investment.    
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Figure 23: Giant Mine net cash flow 

3.2 Addition of Reclamation Costs 

 
This model is based upon the estimated costs for the current reclamation plan outlined in 

SRK’s report on the Giant Mine remediation project (Aboriginal Affairs and Northern 

Development Canada, 2002). Cash flows discussed in this section only account for the 

expenditure of EFA funds, not the finance mechanisms or schedules to provide them which are 

discussed in detail in Section 3.3. 

As previously described the reclamation plan is divided into two distinct phases, initial 

active management and long-term passive monitoring.   

Cash flows are heavily weighted towards the active reclamation years due to the installation 

of underground freeze facilities and water management equipment. Scheduling of costing was 

approximated as specifically as possible according to the data provided by SRK as seen in Figure 

24.  Large increases occur in years 1, 2, 4, 7, and 17 due to capital costs incurred in those years. 

All cash flows are presented on an undiscounted basis in constant 2019 dollars. In addition, all 

contingency funds were assumed to be included part of the cost model along with an annual 
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operating cost of M$ 2.1. A full table of scheduling and cash flows can be seen in Appendix C 

along with a summary of the necessary assumptions made. 

It was noted that these reclamation costs end abruptly at Year 27, with no consideration to 

the perpetual/long term maintenance of the property. It is highly likely that additional costs will 

be incurred to repair or replace the installed equipment, as well as to complete monitoring 

programs to confirm that the hazards are contained. While these costs are not expected to be large 

relative to the active capital phases of the project, they will be required over a very long-time 

frame, potentially into perpetuity. 

 

Figure 24: Giant Mine reclamation model cost structure 

3.3 Addition of Environmental Financial Assurance Contributions 

Two methodologies are examined to calculate the annual EFA contribution required in each 

year. The first is retroactive application of the SRK estimate proportional to the environmental 

damage incurred in that year while the second is based on the RECLAIM model.  
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3.3.1 Computation Method of Environmental Financial Assurance Contributions 

Using the historical context of the mine and operational data, an approximation of the annual 

environmental hazard generated by the mine can be calculated. For the purpose of this thesis, 

hazard is defined as contaminant release rather than a measured health impact. This was chosen 

as a basis for dividing assigning reclamation costs as the reclamation project, and its associated 

funding, is intended to mitigate the hazard these contaminants pose. The hazards generated in 

each year is then calculated as a proportion of each contaminants total environmental release. 

These annual proportions seen in Figures 26 through 28 are then used to weight the relevant 

associated reclamation costs calculated by SRK into an annual EFA contribution proportional to 

the hazard generated that year.  

 

Figure 25: Fraction of total arsenic release per year 
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Figure 26: Fraction of underground tonnage per year 

 

Figure 27: Fraction of open pit tonnage per year 

Finally, the rehabilitation of Baker Creek and the movement of the highway are treated as 

discrete events occurring with costs distributed equally over the open pit phase from 1976 to 

1990. Unattributable reclamation costs are divided according to fraction of total gold production 

if they would scale with production or as a fraction of capital investment (less those already 

directly attributable), both distributed seen below in Figure 28 and Figure 29. 
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Figure 28: Proportion of gold production per year 

 

Figure 29: Proportion of capital investment per year 

The proportion of reclamation costs associated with a given year is assumed to be incurred 

as of January 1st. In practice this payment may occur in advance of that date, the start of the fiscal 

year or at any arbitrarily chosen annual review date.  
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3.4 SRK Reclamation Costs Distributed 

The cost estimate produced by SRK as previously presented in Figure 24 was made using 

conventional cost estimation techniques as are used in most other engineering projects. The cost 

structure of the project also includes estimates of annual operating costs as well as approximate 

annual scheduling of tasks. Despite the lack of detailed documentation, this estimate is assumed 

to be true and accurate.  

When divided as presented in Section 3.3 the EFA contributions are predicted as follows in 

Figure 30. A detailed summary of this calculation is presented in Appendix E. 

 

Figure 30: Summary of SRK predicted EFA contributions 

3.5 RECLAIM Model 

The RECLAIM model is the preferred methodology for estimating reclamation costs at a 

prefeasibility-feasibility stages in many Canadian jurisdictions including NWT (Aboriginal 

Affairs and Northern Development Canada, 2002).  This model uses unit costs estimated from 

several sources to compose a final estimate for a given project.  The model used in this thesis was 

calibrated to cost estimates in Yellowknife and so can be relatively accurate in accounting for 

location-based cost effects. It suffers from poor scheduling, allowing for only constant workloads 
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over a selected number of years and assumes all capital costs are incurred at the start of the 

project.  

In addition, there are several aspects of the Giant Mine reclamation project which the 

RECLAIM model is unable to estimate. These include several major cost elements including 

major water management capital investments, care and maintenance capital and the freeze 

system. Apart from freeze system capital these costs were excluded as an accurate estimation 

could not be made as they can be argued to already be included in the water treatment costs and 

in the operational allowances. It would be unrealistic however to exclude the freeze system 

capital costs which no standardized reclamation cost model could reasonably be expected to 

anticipate.  

This second methodology takes a much more realistic perspective to EFA contribution 

estimation. In practice, no estimator will ever have a full understanding of the final site conditions 

due to changes in planning, errors, or unexpected natural conditions or events. As a result, tools 

have been developed to standardize the way these estimates are made.  The RECLAIM model is 

one such tool, and is specifically mentioned in Canadian legislation as one of the current industry 

best practices for cost estimation in this regard (Aboriginal Affairs and Northern Development 

Canada, 2007). A secondary estimate was prepared using the RECLAIM model, version 6.12 

which was provided complete with costing data for Yellowknife and NWT provided by 

Aboriginal Affairs and Northern Development Canada. A full summary of this model can be 

found in Appendix D along with annotations and comments 

The model greatly simplifies the estimation process by providing costing data by geographic 

region as well as integrating a “low, medium, or high” cost factor to be used at operator discretion 

based on the complexity of the installation. 
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The estimate produced an estimated cost of M$227.5 structured into the annual cash flows 

seen below in Figure 31. EFA contributions for the RECLAIM model are distributed linearly over 

the useful life of the asset which generated the reclamation cost. 

 

Figure 31: Summary of RECLAIM model cost structure 

 

These costs are then distributed linearly over the useful life of the asset which generated the 

underlying environmental cost, creating the EFA contribution schedule seen below in Figure 32. 
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Figure 32: Summary of RECLAIM predicted EFA contributions 

3.6 The Final Model 

The summation of all the previous additions represents an idealized mine life in which the 

mine has been making regular payments to its environmental financial assurance fund with 

reclamation occurring immediately after mine closure. This model is then used to examine the 

ability of mine to finance its own reclamation while still maintaining financial stability and 

adequate profitability to its owners. It is assumed that reclamation occurs directly after mine 

operations cease as would be the case in a well-managed mine. It now becomes important to 

examine the vehicles used to manage the money which has been reserved in the EFA. Each 

vehicle is subject to its own unique regulations and law with some more favourable than others as 

discussed previously. The rules on secondary investment, returns and tax effects of each vehicle 

have a significant effect on the final value of the fund available to finance reclamation. Additional 

tax deductions are also integrated into the model where appropriate. In the case of an 

environmental trust, withdrawals from the trust were calculated as follows: 
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𝑾𝒊𝒕𝒉𝒅𝒓𝒂𝒘𝒂𝒍 =
𝒄𝒂𝒔𝒉 𝒇𝒍𝒐𝒘 𝒓𝒆𝒒𝒖𝒊𝒓𝒆𝒅

𝟏−𝒕
      ( 17 ) 

The model can be modified to use any of the previously discussed EFA vehicles and 

incorporates all relevant tax and law discussed thus far. A comparative example of the final 

model can be seen below in Figure 33 using cash as the EFA vehicle comparing the SRK estimate 

to the RECLAIM estimate. The remainder of the comparative data can be found in Appendix C 

along with the relevant source material. 

 

Figure 33: Example unified model cash flows with cash EFA 

The large cash flow oscillations observed during the reclamation stage are the result of 

double costing previously described section 2.4.2 which requires that funds be held in escrow 

until the satisfactory completion of reclamation. This then necessitates that a company pay for 

reclamation and successfully execute the required tasks prior to receiving the equivalent value in 

the subsequent time period resulting in the oscillatory behavior observed above. 

It is also noted that this cash flow model terminates after 27 years of reclamation, whereas in 

practice reclamation will continue in perpetuity. The expected cash flows for this perpetual phase 

are not well understood at this time. It is likely that additional costs for replacement of equipment, 
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monitoring and upkeep on site will be incurred and are not adequately considered by this model 

or by SRK in general. 

3.6.1 Giant Mine Financial Statements 

The financial test EFA vehicles requires several other financial ratios not included directly in 

the model. The evaluation of these criteria requires that several assumptions be made as to the 

financial structure of the company, most notably the initial proportion of assets to liabilities as 

well as the terms of financing it has received. Very little data was available directly on these 

variables historically. An approximation was made for a hypothetical owner using an available 

loan interest rate of 10%, a 10-year loan repayment schedule and initial startup costs. This 

resulted in assets of 34.5 M CAD containing liabilities of 17.25M CAD, or 50% debt. These 

values are then used as input parameters to the model to calculate bankruptcy prediction 

indicators in subsequent years. A full summary of these calculations is seen in Appendix A which 

also includes the simplified financial statements used as source data and Appendix B which 

shows the test calculations themselves.  
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Chapter 4 

Analysis and Discussion 

This chapter presents the results of analysis of the unified cash flow models constructed 

in the previous chapter. 

4.1 EFA Vehicle 

The selection of EFA vehicle used has a significant effect on the valuation of the project. It 

is interesting to note that except for an investment trust which can generate a compounding 

return, the project is never expected to pay for its reclamation in undiscounted dollars. On an 

undiscounted, 2019 constant dollar basis the final model indicates that the mine had a pre-tax 

value of M$ 627 CAD. On this basis, it appears that the mine could have funded the reclamation 

project on a cash basis, but the economics of the project become debatable. The time-value of 

money must be considered to ensure that the project is economically attractive.  

4.1.1 SRK Estimate 

Figure 34 below illustrates project NPV as a function of discount rate under the SRK EFA 

contribution schedule. At low discount rates the reclamation costs of the mine are not discounted 

enough to make the project attractive outweigh its operating profits, while at higher discount rates 

the capital expenditures become prohibitively expensive. Cash, Letter of Credit and Corporate 

Promise all exhibit a concave down shape with maximum NPVs occurring between 4% and 6% 

with an inflection point at roughly 15%. Coincidentally, the WACC calculated by many current 

major gold mining companies is often in this range as well indicating that the Giant Mine would 

be a favourable investment for such a company in the absence of better alternative projects should 

a similar deposit be found. All EFA methodologies successfully achieved a positive NPV though 

in the case of cash it is negligibly positive relative to other project cash flows. Furthermore, the 

trust was only viable at very low discount rates where the compounding return on the trust 
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investments mitigated or exceeded the discount rate. While not shown, the shape of a company 

using a financial test EFA would be the same as that of a corporate promise so long as test 

parameters are met. 

 

Figure 34: Effect of EFA type on SRK estimate 

The project becomes economically unattractive at roughly 7% discount rate for cash and 

trust EFAs. Based on this analysis it is unlikely the project would have proceeded if operated by a 

small to medium size mining firm. A larger mining firm capable of securing a letter of credit or 

corporate promise EFA would have found the project viable, with NPV approaching M$200 CAD 

at reasonable discount rates. 

4.1.2 RECLAIM Estimate 

Under the RECLAIM estimate, EFA contributions are not only smaller, but are also heavily 

weighted towards the end of mine life when the loss of permafrost was acknowledged 

necessitating the freeze program. As a result, analysis indicates that even at very low discount 

rates in excess of 0.5% investment in the project becomes quite favourable as seen in Figure 35. 

NPV peaks are also much more closely associated with each other at roughly 4% due to the more 

consistent annual contributions required by the RECLAIM model. It should be acknowledged that 
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given the current knowledge about the reclamation cost, the RECLAIM estimate produced a low 

EFA contribution schedule and would fail to satisfy the purpose of an effective EFA. Without 

responsible management of retained earnings the project could still easily be fall short of funding 

for final reclamation. 

At discount rates greater than 25% the project becomes unattractive regardless of EFA form 

used as capital expenditures begin to outweigh returns. 

 

Figure 35: Effect of EFA type on RECLAIM estimate 

4.1.3 General EFA Vehicle Discussion 

In general, the EFA vehicles ranked as expected with a corporate promise ranking above a 

letter of credit, in turn above cash alone. The economic penalty associated with an EFA is then 

proportional to the risk exposure of a company. This makes sense from a practical perspective in 

that it minimizes potential environmental harm but has the unfortunate side effect of harshly 

penalizing smaller investors who are the least capable of taking on further burdens. In this 

fashion, EFA contributions can then be an increasing barrier to entry to new market participants. 



 

90 

  

In both estimation methods, an environmental trust shows little benefit over the base case of 

a cash only EFA particularly at higher, more industrially relevant discount rates. While senior4 

gold producers often use a WACC of approximately 5%, such a low discount rate is a rare 

occurrence for other producers, particularly junior companies. Juniors5 are often forced to use a 

significantly higher rate in order to account for their greater risk profile. Without other significant 

assets a junior mining company is unlikely to receive a loan with mild terms and equity markets 

generally expect returns in excess of those of lenders to reflect their exposure to potential loss. 

Correspondingly, these higher risk operators would see negligible benefit in contributing to a trust 

knowing that their WACC is almost certainly higher than any prudently managed trust could be 

expected to generate.  

The SRK model, which is assumed to be an accurate cost estimate, indicates that a junior 

company unable to secure a more lenient EFA would find this project unattractive. From this 

perspective, EFA policy be a deterrent to venture capital investment. In the case of Giant Mine, 

had modern EFA policy been in effect and if true reclamation costs were known it is unlikely that 

the project would have developed.  At the time of its discovery, no major Canadian gold mining 

company existed on the scale to which would be required to adequately finance the Giant Mine in 

its entirety at a low enough WACC to make it economically attractive.  

If venture capital is to be encouraged, it then follows that some additional incentive is 

required to make the project more attractive to a junior producer. It is unreasonable to assume 

reducing EFA contributions alone is acceptable as it would  

It is also important to note that the shape of the trust curve is highly dependent on the rate of 

return used internally to the trust. At discount rates below the rate of return of the trust, 

 

4 For this thesis, senior companies are classified as current gold producers with multiple mines and a 

market capitalization greater than CAD 1B. 
5 Junior companies are much smaller in terms of market capitalization. They often have only a single 

project which may or may not be in production and lack stable revenue/profit streams. Intermediate 

companies are generally described as having one or more mines in operation, generating a stable cash flow. 
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investment in the trust would be economically favourable in and of itself. At discount rates above 

the rate of investment it then becomes more convenient to retain funds within the company given 

the complexity of trust law and additional costs associated with its management. When the rate of 

investment is lowered the trust EFA curve approaches that of the cash EFA with some minor 

differences due to the tax treatment of withdrawals. Finally, the use of environmental trusts in 

reclamation finance is not yet well developed. Current regulations are flawed and 

implementations unwieldy due to their complex structure and associated costs. A cash EFA is 

more likely to be used for simplicity. Of all methods considered in this thesis, this vehicle is the 

least likely to be applied in practice. 

4.2 Alternative EFA Estimates 

Each of the EFA estimates produced a radically different EFA contribution schedule. A 

comparison of both methods can be seen below in Figure 36. RECLAIM produces a much more 

consistent contribution over time until the final years in which it escalates rapidly due to the 

contributions required by the freeze system. This is due to contribution for individual costs 

divided linearly across the useful life of the asset in question. RECLAIM costs do increase 

slightly over time as infrastructure requirements tended to increase with tonnage. 

In contrast, the SRK estimate is significantly higher and much more irregular due to scaling 

by a variety of production factors discussed previously. The maximum contributions occur in the 

mid-1960s when high arsenic head grade increased Arsenic Trioxide production requiring a 

greater allocation of arsenic related reclamation funds. 
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Figure 36: Comparison of EFA contribution schedules 

Like any tool, the RECLAIM estimate is only as effective as its source data and application 

allows. The estimate produced in this thesis was produced to the best ability of the author using 

all available data but lacked the resources available to a commercial engineering firm. If the SRK 

estimate is assumed to be correct, the RECLAIM estimate produced a reclamation shortfall of 

almost 300M CAD, or more than half of the true value. From this perspective, it is an inadequate 

tool for accurate reclamation cost forecasting but is near the expected uncertainty for a pre-

feasibility level of analysis. With more detailed input data, as would be expected in later stages of 

project life, the model would produce a more accurate evaluation. Unfortunately, this level of 

detailed engineering is beyond the scope of this thesis. 

The use of standardized costs in the RECLAIM model provides a great deal of transparency 

and documentation to cost estimation fundamental assumptions which are often concealed in 

internal corporate databases or scaled estimations of previous expenditures. Additionally, it also 

provides a resource for a smaller company which may not have such a database to produce its 

own estimates. Transparency is in these calculations is essential in reassuring a responsible 

government that they will not be held liable for future environmental harms.  
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4.3 Alternative Discounting Methods 

As previously discussed, several alternative discounting methods have been considered to 

account for the inconsistency of decision making in intergenerational projects. Figure 37 through 

Figure 40 seen below illustrate the valuation of the project with each EFA implementation type. 

The first four types represent conventional exponential discounting using a series of rate 

calculations. 

Undiscounted cash flows and risk-free rates are more commonly used by government 

agencies though there is a growing tendency to use the risk-free rate as a standard comparison 

metric among very long-term projects in industry. IFRS recommends the use of the credit 

adjusted risk free rate in the calculation of asset retirement obligation as so is important from an 

accounting perspective. It is also disclosed as part of regular financial statements made to IFRS 

standards which makes it a convenient measure of risk in long term projects.  As has been 

previously discussed, WACC is the most common method of conventional discount rate 

selection. 

The final two methods are non-conventional. Social discount rate begins at 3.5% 

compounding annual then decreases to 2.5% after years 50 corresponding with the 

recommendations of the literature review for a project of this structure. This method combines 

both social discount estimation techniques and the use of multiple rates. It could also be 

considered time dependent due to the discrete shift in rate at a fixed time. Hyperbolic discounting 

was assumed to occur at the risk-free rate of 3% as no general recommendations were available in 

literature.  

4.3.1 Alternative Discounting of Cash EFA 

On the basis of a cash EFA, shown in Figure 37, all discounting methods with a non-zero 

discount rate indicate that the RECLAIM based project is attractive while the SRK based project 

is often unattractive. 
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Figure 37: Effect of discount method on cash EFA 

As previously mentioned, the cash EFA is the most stringent of the EFA methods examined. 

None of the evaluated discount rates produced an economic project when the SRK estimate was 

used though some were negligibly small in relation to the total project scope. From this 

perspective, a company using any of these evaluation parameters would not consider investment 

in this project especially when one considers potential external unknown risk not quantified in the 

discount rate itself. 

4.3.2 Alternative Discounting of Letter of Credit 

The use of letters of credit produces a much more financially feasible project despite a 

significant increase in undiscounted value due to the permanent loss of the associated fees as seen 

in Figure 38. 
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Figure 38: Effect of discount method on letter of credit EFA 

From the perspective of practical implementation this vehicle appears to achieve a balance 

between the project rate of return sought by an operating mine and confidence in reclamation 

required by the government. Furthermore, since the method relies on the credibility of a major 

financial institution and their own independent evaluation of the project the government is not 

forced to take on any significant additional risk. The availability of letters of credit to the mining 

sector is of some concern. The mining sector is notoriously cyclical and when markets are poor 

letters of credit will likely prove impossible to secure for a junior company seeking to improve its 

EFA structure. In this case, the gold market at mine development was quite poor due to the US 

gold standard as discussed previously; a letter of credit of this magnitude would likely be beyond 

the reach of a junior company of that time period.  

Even when such letters can be secured by a company, the influence of external market 

factors on such long-term projects cannot be ignored. At some point during mine life there may 

be a significant change in market conditions which prompt the issuer to cease renewal of the ever-

increasing letter of credit. In this case, the mine would then be forced to a more stringent EFA 

such as cash. 
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This methodology also exhibits relatively little sensitivity to discount rate or technique, 

indicating the project could then be favourable to a broader cohort of investors. An investor in 

this project would likely be a medium sized producer with sufficient assets leverage into securing 

letter of credit. A larger company would choose to forgo the cost of the letter of credit by 

operating under a corporate promise to reclaim. 

4.3.3 Alternative Discounting of Trust EFAs 

As discussed previously, the use of environmental trusts as EFA vehicles provides a unique 

niche in the financial market and behaves very differently to the other instruments examined. 

Figure 39 presents the results of alternative discounting of a trust EFA for Giant mine. 

 

Figure 39: Effect of discount method on trust EFA 

On an undiscounted basis, the trust provides a significant advantage over all other EFA 

methodologies due to the large lump payout of the remaining trust balance after final reclamation 

is complete. However, as soon as the project is discounted by any significant factor its value 

decreases dramatically. It is interesting to note that hyperbolic discounting also indicates a similar 

NPV between SRK and RECLAIM. The larger EFA contributions required by SRK results in a 
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significantly large pool of capital at the end of the project, which is correspondingly discounted 

less by the hyperbolic discount factor.  

4.3.4 Alternative Discounting of Corporate Promise EFAs 

 

Figure 40: Effect of discount method on corporate promise EFA 

The use of a corporate promise is the least secure of all EFA methods examined but does 

provide a significant economic incentive relative to the other methods examined. Since there are 

no functional EFA contributions during mine life, both EFA contribution methodologies produce 

the same final value for the project. This cost structure is also equivalent to a case in which EFA 

law does not exist. It shows that even with the extensive reclamation costs associated with the 

project it is still very attractive to investors with an NPV in excess of 100M CAD for all non-zero 

discount rates. From this it is also shown that had Giant Mine been managed with greater 

foresight, it could have easily paid for its own reclamation while remaining a profitable venture 

for its investors. 

The fact that the mine could have paid for its reclamation but did not is concerning. This is 

likely due to variety of factors including ignorance to the future environmental impacts of the 

mine, a lack of transfer of liabilities as the property changed ownership and an underdeveloped 
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regulatory framework from which to enforce compliance to reclamation standards. As a result, 

profits realized by the owners were unavailable to operators at final closure. Had EFA regulation 

existed at the time the value of a reclamation project becomes calculable even when no funds 

have been specifically allocated as in the corporate promise.  The transfer of environmental 

liability and the associated EFA reclamation funding could then occur simultaneously. This 

would then ensure that each operator was responsible for funding the appropriate portion of 

reclamation for their corresponding mining activities rather than externalizing the costs to other 

stakeholders over time. 

4.3.5 Hyperbolic Discounting Discussion 

Hyperbolic discounting is a relatively novel technique in mining project analysis. To the 

knowledge of the author, no guidance exists as to how to calculate an appropriate discount rate 

for use in this setting aside from its fundamental derivation seen in Section 0. This derivation 

requires significant assumptions about the future unknown risk of a project. It is difficult to 

construct these assumptions using a retroactive data set without imparting a significant bias due to 

knowledge of the “future” conditions. Unfortunately, without an accurate estimate of an 

appropriate discount rate it becomes difficult to quantify results into a single recommended NPV. 

Instead of selecting a fixed rate, a series of estimates were applied to examine the sensitivity of 

the project to the variable as seen in Figure 41 and Figure 42 below for RECLAIM and SRK 

respectively. Rambaud (2005) indicates that examining Giant Mine over discount rates range of 

0% to 30% would likely include the most appropriate factor. If it is not, an upper boundary of 

economic attractiveness was also calculated with results seen in Table 5 below. Note that when a 

cash EFA is used, the SRK reclamation cost estimate makes the Giant Mine uneconomic by 

hyperbolic discounting and so is shown as N/A. Additionally, as the true reclamation cost remains 

the same regardless of estimation method, the corporate promise EFA returns the same value. 
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Table 5: Maximum discount rates before hyperbolic discounting becomes unfavourable 

 

 

Figure 41: Hyperbolic discounting of RECLAIM estimate 

Hyperbolic discounting of the RECLAIM estimate indicates that the project remains 

economic over a broad range of discount rates for all EFA methodologies.  

 

RECLAIM SRK

Cash 73.68% N/A

Letter of Credit 108.82% 87.01%

Trust 97.80% 55.25%

Promise 116.58% 116.58%



 

100 

  

 

Figure 42: Hyperbolic discounting of SRK estimate 

The SRK estimate produces significantly different results. Under this discounting 

methodology, the use of a cash EFA is never considered to be economically attractive. This 

contrasts with conventional discounting which, while marginal, did indicate that the use of a cash 

EFA could be attractive to some companies over a small range of applied WACCs. 

In general, the project valuation is much less sensitive to changes in hyperbolic discount 

rate than to conventional discount rate indicating that it would be more favourable to a broad 

variety of companies who would each apply their own unique discount rate.  Poor results 

generated by the cash EFA would likely exclude investment by junior mining companies unable 

to secure more lenient EFA vehicles. Hyperbolic discounting also makes the use of environmental 

trusts appear more favourable over a larger range of discount rates unlike conventional 

discounting which rapidly devalued the end of project balance settlement.
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4.4 Financial Tests 

The results of the three financial tests applied to the corporate promise model can be seen summarized below in Figure 43. The financial tests 

indicate that after initial startup the mine could be considered financially stable enough to allow a more lenient EFA vehicle. The exception to this 

is the Altman Z score for public companies which never indicates that stability is achieved. If any of these ratios were used directly at mine 

startup, it is unlikely the operator would have qualified for a lenient EFA and would likely be required to post a bond or provide cash, either 

directly or in trust. 

 

Figure 43: Results of financial tests 

4.4.1 US EPA Test 

This test indicates strong financial performance all of mine life after initial startup until 1984 at which point closure costs begin to become too 

large a portion of the company’s valuation. The mine briefly returns to stability in 1987 due to an increase in income but swiftly returns to 

predicted instability. If this test were to be applied in practice, it is likely that the company would be able to secure a corporate promise EFA but 

would be required to switch to a more stringent vehicle in later mine life.

1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1960.5 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998

EPA Financial Test Pass 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0

Altman Z Score Pass Public 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Altman Z Score Pass Private 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Unfortunately, the test conditions are essentially trivial for a company operating in the 

United States. Most significant industrial gold producers have a net worth well in excess of $10 

Million, thus satisfying Condition 2. Should that company also operate in the United States, 

Condition 4 is also satisfied, and the test is passed regardless of its operational capability or 

responsibility. Giant Mine is in Canada does not qualify but it still represents an interesting flaw, 

intentional or not, in the policy. 

4.4.2 Altman Z Scores 

Altman Z scores indicate two radically different project interpretations. This is most likely 

due to the assumptions used in formulating the hypothetical balance sheet. Because all earnings 

are retained within the company, free cash continues to grow over mine life. Without 

reinvestment in other assets, net sales never increase beyond mine production leading to 

stagnation in Parameter E. The market value of equity was calculated using a fixed price to 

earnings ratio of 20 which is consistent with current market evaluations for gold producers but 

was insufficient to compensate for its low weighting in the equation. 

In addition, the private model places significantly more emphasis on annual earnings and 

retained earnings. The Giant Mine produces a great deal of earnings over its life and the private 

model interprets these as indicators of financial stability. 

Given that these equations were developed empirically for the market, it could also be 

possible that the mining sector does not correlate well with the model. If this is this is the case it 

then follows that a similar exercise be undertaken to develop a model specifically for the mining 

or extractive industry sectors before it is applied in practice. 

4.4.3 Modified Internal Rate of Return 

Modified rate of returns were calculated using a reinvestment rate equal to WACC and a 

finance rate equal to the cost of debt. Results are seen below in Table 6. 



 

103 

  

Table 6: MIRR results 

 

MIRR calculates remarkably similar results for all EFA methods, ranging from 7.4% in the 

worst case to 9.21% in the best case. Both estimates for the corporate promise method should be 

identical given that the function was passed the same input data for both but show a 0.03% 

difference indicating a surprisingly significant level of rounding error. 

All EFA measures generate positive returns and could be considered economically attractive 

from this perspective. Any company which used a WACC less than the respective MIRR for the 

EFA they could secure would proceed with investment in the absence of other more profitable 

projects. 

  

RECLAIM SRK

Cash 8.76% 7.40%

Letter Of Credit 9.14% 9.00%

Trust 8.81% 7.48%

Promise 9.18% 9.21%



 

104 

  

Chapter 5 

Conclusions 

Economic analysis has indicated that despite its extreme reclamation costs, the Giant Mine 

would still be an attractive project so long as the investor used a non-zero discount rate. In simple 

undiscounted terms the mine could never pay for its own reclamation but even at modest rates of 

reinvestment, the long-time frame of the mine would allow for sufficient funding. Despite this, 

the use of a cash EFA would place significant financial stress on the operator to the extent that the 

project may not be undertaken as NPVs are only marginally positive. As a result, it is then more 

likely that the project would have been undertaken by a larger gold producer which could secure a 

more lenient EFA vehicle rather than simple cash. MIRR calculations confirm this favourable 

outlook for the project with returns ranging from 7.4% for a cash EFA to 9.21% for a corporate 

promise using the more accurate SRK estimate. 

It was also noted that the SRK estimated reclamation cost neglects the maintenance and 

upkeep for the property which must be maintained in perpetuity. These costs may include the 

replacement of refrigeration units, ongoing monitoring testing and periodic surface works to 

stabilize eroded areas. Even small costs, when carried to extreme time frames can accumulate to 

large total values. However, these costs are not well understood at this time by SRK. Under a 

discounted cash flow model, these costs have a negligible present value as they occur far in the 

future, which accentuates the need for alternative evaluation methods as considered in this report.  

The comparison of the government recommended RECLAIM estimate to that produced by 

SRK produced radically different estimates for the total cost of reclamation. This was expected as 

the estimate produced by SRK was based in a much more detailed understanding of the required 

engineering and construction. The RECLAIM model is only as accurate as the level of detail 

applied to it and is not limited in its complexity. With more detailed engineering specifications, 
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the accuracy of the model could easily be improved to produce a more accurate estimate. Both 

models suffered from a lack of detail in project scheduling with single year capital costs and fixed 

operating costs which would not prove to be true in practice.  

The use of alternative discounting methods also confirmed the project is economically 

attractive. The Social Discount Rate, while calculated differently produced results consistent with 

the risk-free rate used. Contrary to risk free rate however, the social discount rate is not directly 

related to the interest rates of the period and can be considered a more time consistent method of 

evaluation particularly when one seeks to remove personal bias from analysis. 

Hyperbolic discounting produced radically different results from the other discount methods. 

In the absence of an accurate estimate, hyperbolic NPV functions were generated over a large 

range. Results indicate that a hyperbolic discounting method produces NPV estimates which are 

much less sensitive to discount rate than conventional exponential discounting. This method of 

discounting confirms the results generated by other techniques that a cash only EFA is likely not 

a realistic option for reclamation financing and so would exclude riskier investors from operating 

the mine. 

Financial testing also produced contradictory results. The US EPA test performed best and 

successfully recommended further investigation when reclamation costs began to exceed the 

recommend maximum of 1/6 of assets. Had the project occurred in the United States, it would 

have passed the tests purely by merit of its size and physical location. From this perspective, the 

US EPA test is essentially trivial for any industrial gold producer in the US. 

Altman Z scores indicated two contradictory results, with the public model indicating 

financial distress throughout mine life and the private model indicating stability. This was likely 

due to the assumptions made in constructing the financial statements used as source data for the 

equations. The private model places increased weighting on earnings, retained earnings and net 
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worth whereas the public model is most sensitive to market value of equity. The assumed Price to 

Earnings Ratio of 20 is consistent with market data but was not sufficient to indicate stability. 

5.1 Future Work and Other Considerations 

This thesis was based entire on a historical data model which, while complete and 

functional, requires a more forward-looking analysis to make convincing recommendations. 

Much of the impact of Giant Mine has been social in its contributions to Yellowknife and the 

Northwest Territories as a whole. Future work should consider expanding the economic 

evaluation of the mine to include these broader social effects to more effectively approximate the 

projects “triple bottom line”. These broader effects are complex and vary dramatically based on 

the particular values of the stakeholder conducting the analysis. For example, one value lens may 

dictate that the significant industrial development of Yellowknife as a city would not have 

occurred without active mining in the region, whereas another lens may dictate that perpetual 

reclamation efforts are unacceptable in and of themselves. 

For that reason, these factors were excluded from this thesis to make the analysis as broadly 

applicable as possible. Similar techniques could be applied to any mining project in Canada on 

federal lands. There are many analogous reclamation issues in Canada, including but not limited 

to Faro Mine in Yukon or Oil Sands Tailings Management in Alberta. 

Throughout this thesis, the author purposefully avoided stating if the mine was “good” or 

“bad” for the community in absolute terms as this is certainly a matter of debate far beyond the 

scope of a single research paper. Such a statement involves a great deal of ethical decisions which 

are not the authors to make. The Giant Mine poses a much more complex issue that cannot be 

entirely quantified, particularly not in an economic analysis. It is the author’s suggestion that any 

future work done on this topic should seek to keep this in mind as best as possible before 

unilaterally seeking to condemn or praise the decisions of the past. 
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1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957

Assets Cash $34,535,120 $14,333,900 ($1,141,563) $10,804,556 $19,783,326 $14,125,026 $31,431,858 $48,318,514 $59,000,553 $70,131,117 $86,225,021

Working Capital (As Portion of Cash) $159,412 $3,158,666 $9,088,214 $9,765,064 $7,993,247 $12,796,179 $12,948,506 $12,061,024 $12,242,150 $12,399,821
Accounts Payable $1 $1,525,749 $1,721,380 $1,712,025 $2,207,359 $2,921,608 $3,058,382 $3,188,713 $3,368,725 $3,278,252
Current Loan Principal $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756
Current Loan Interest $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460
Loan Payments $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216
Depreciation Allowed $0 $2,083,887 $3,674,300 $4,737,870 $6,203,723 $8,028,289 $8,906,115 $9,777,471 $10,810,031 $11,726,178
PPE Less Depreciation $20,838,870 $34,659,114 $41,620,511 $51,541,175 $63,583,110 $64,333,083 $64,140,522 $64,688,650 $63,040,097 $56,866,527
ARO $11,345,558 $12,196,474 $13,111,210 $14,094,551 $15,151,642 $16,288,015 $17,509,616 $18,822,838 $20,234,550 $21,752,142

$34,535,120 $46,518,327 $45,714,026 $66,619,737 $86,502,512 $93,943,238 $113,136,416 $131,052,113 $143,595,501 $154,489,224 $165,927,150

Current Liabilities Principal $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756 $1,726,756
Interest $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460 $1,083,460
Current Portion of Long Term Debt $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216 $2,810,216
Accounts Payable $1 $1,525,749 $1,721,380 $1,712,025 $2,207,359 $2,921,608 $3,058,382 $3,188,713 $3,368,725 $3,278,252

$0 $1 $1,525,749 $4,531,596 $4,522,241 $5,017,575 $5,731,824 $5,868,598 $5,998,929 $6,178,941 $6,088,468

Long Term Liabilties ARO $11,345,558 $12,196,474 $13,111,210 $14,094,551 $15,151,642 $16,288,015 $17,509,616 $18,822,838 $20,234,550 $21,752,142
Long Term Liability $17,267,560 $17,267,560 $17,267,560 $15,540,804 $13,814,048 $12,087,292 $10,360,536 $8,633,780 $6,907,024 $5,180,268 $3,453,512

$17,267,560 $28,613,118 $29,464,035 $28,652,014 $27,908,599 $27,238,934 $26,648,551 $26,143,396 $25,729,862 $25,414,818 $25,205,654

$17,267,560 $28,613,119 $30,989,784 $33,183,610 $32,430,839 $32,256,509 $32,380,376 $32,011,995 $31,728,790 $31,593,760 $31,294,121

Equity Shareholder Equity $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560

Earnings $0 $637,649 $1,066,318 $23,648,134 $49,012,194 $63,326,308 $91,138,158 $118,465,125 $141,199,518 $163,218,316 $186,591,584
Depreciation $0 $0 $2,083,887 $5,758,187 $10,496,057 $16,699,780 $24,728,069 $33,634,184 $43,411,655 $54,221,686 $65,947,864

$1 $1,525,749 $1,721,380 $1,712,025 $2,207,359 $2,921,608 $3,058,382 $3,188,713 $3,368,725 $3,278,252
Retained Earnings $0 $637,648 ($2,543,318) $16,168,567 $36,804,112 $44,419,169 $63,488,480 $81,772,558 $94,599,151 $105,627,905 $117,365,468

$17,267,560 $17,905,208 $14,724,242 $33,436,127 $54,071,672 $61,686,729 $80,756,040 $99,040,118 $111,866,711 $122,895,465 $134,633,028
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Assets Cash

Working Capital (As Portion of Cash)
Accounts Payable
Current Loan Principal
Current Loan Interest
Loan Payments
Depreciation Allowed
PPE Less Depreciation
ARO

Current Liabilities Principal
Interest
Current Portion of Long Term Debt
Accounts Payable

Long Term Liabilties ARO
Long Term Liability

Equity Shareholder Equity

Earnings
Depreciation

Retained Earnings

1958 1959 1960 1960.5 1961 1962 1963 1964 1965 1966 1967 1968

$94,867,774 $110,000,488 $136,420,208 $152,642,059 $190,334,914 $236,525,596 $280,148,898 $335,820,215 $375,532,149 $401,700,301 $419,915,907 $440,301,775

$9,931,749 $12,150,760 $14,601,603 $7,728,920 $16,484,792 $18,354,846 $17,603,865 $20,635,022 $17,088,895 $14,068,770 $11,091,854 $13,012,712
$2,959,785 $3,015,255 $3,202,034 $1,757,440 $3,291,415 $3,293,426 $3,210,551 $3,165,569 $3,246,988 $3,281,907 $3,075,070 $3,570,827
$1,726,756 $1,726,756
$1,083,460 $1,083,460
$2,810,216 $2,810,216

$12,281,439 $10,765,473 $9,937,213 $9,338,010 $7,935,587 $6,302,521 $5,512,824 $4,752,243 $3,874,106 $3,224,732 $3,054,638 $2,641,842
$50,264,298 $47,120,358 $41,826,807 $33,123,108 $27,102,514 $21,681,284 $17,276,210 $14,068,189 $12,861,823 $13,488,758 $11,985,367 $12,441,887
$23,383,552 $25,137,319 $27,022,618 $29,049,314 $31,228,013 $33,570,114 $36,087,872 $38,794,462 $41,704,047 $44,831,851 $48,194,239 $51,808,807

$169,599,084 $183,341,625 $205,269,633 $214,814,481 $248,665,441 $291,776,994 $333,512,980 $388,682,866 $430,098,019 $460,020,910 $480,095,513 $504,552,470

$1,726,756 $1,726,756
$1,083,460 $1,083,460
$2,810,216 $2,810,216
$2,959,785 $3,015,255 $3,202,034 $1,757,440 $3,291,415 $3,293,426 $3,210,551 $3,165,569 $3,246,988 $3,281,907 $3,075,070 $3,570,827

$5,770,001 $5,825,471 $3,202,034 $1,757,440 $3,291,415 $3,293,426 $3,210,551 $3,165,569 $3,246,988 $3,281,907 $3,075,070 $3,570,827

$23,383,552 $25,137,319 $27,022,618 $29,049,314 $31,228,013 $33,570,114 $36,087,872 $38,794,462 $41,704,047 $44,831,851 $48,194,239 $51,808,807
$1,726,756 $0

$25,110,308 $25,137,319 $27,022,618 $29,049,314 $31,228,013 $33,570,114 $36,087,872 $38,794,462 $41,704,047 $44,831,851 $48,194,239 $51,808,807

$30,880,309 $30,962,789 $30,224,652 $30,806,754 $34,519,427 $36,863,540 $39,298,423 $41,960,031 $44,951,035 $48,113,758 $51,269,310 $55,379,634

$17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560

$202,640,303 $227,121,307 $259,911,444 $276,767,606 $316,375,455 $363,447,428 $408,178,480 $465,394,019 $507,773,693 $537,793,512 $557,560,365 $581,044,595
$78,229,303 $88,994,776 $98,931,989 $108,269,999 $116,205,587 $122,508,108 $128,020,932 $132,773,175 $136,647,281 $139,872,013 $142,926,651 $145,568,493
$2,959,785 $3,015,255 $3,202,034 $1,757,440 $3,291,415 $3,293,426 $3,210,551 $3,165,569 $3,246,988 $3,281,907 $3,075,070 $3,570,827

$121,451,215 $135,111,276 $157,777,421 $166,740,167 $196,878,453 $237,645,895 $276,946,996 $329,455,275 $367,879,423 $394,639,592 $411,558,643 $431,905,275

$138,718,775 $152,378,836 $175,044,981 $184,007,727 $214,146,013 $254,913,455 $294,214,557 $346,722,835 $385,146,983 $411,907,152 $428,826,204 $449,172,835
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Assets Cash

Working Capital (As Portion of Cash)
Accounts Payable
Current Loan Principal
Current Loan Interest
Loan Payments
Depreciation Allowed
PPE Less Depreciation
ARO

Current Liabilities Principal
Interest
Current Portion of Long Term Debt
Accounts Payable

Long Term Liabilties ARO
Long Term Liability

Equity Shareholder Equity

Earnings
Depreciation

Retained Earnings

1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

$456,952,414 $464,173,984 $463,975,691 $489,026,776 $537,706,150 $567,656,008 $576,637,803 $578,013,838 $595,950,019 $619,866,130 $660,969,710 $696,313,482

$13,687,256 $10,346,106 $9,407,561 $14,929,484 $20,800,176 $16,817,092 $13,450,001 $9,531,548 $12,977,215 $15,592,075 $20,800,659 $17,251,151
$4,191,009 $4,142,551 $4,703,781 $4,310,357 $4,216,805 $4,093,728 $4,285,272 $4,110,315 $4,028,820 $4,659,588 $4,881,024 $3,564,434

$2,189,525 $2,182,189 $2,221,003 $2,049,333 $1,979,604 $1,947,518 $2,249,964 $3,036,794 $3,038,391 $3,057,478 $2,865,191 $2,713,246
$14,822,673 $13,662,930 $11,640,220 $9,774,885 $8,582,172 $11,203,344 $19,489,412 $20,320,257 $19,023,985 $17,141,997 $17,327,670 $19,759,783
$55,694,468 $59,871,553 $64,361,920 $69,189,064 $74,378,243 $79,956,612 $85,953,357 $92,399,859 $99,329,849 $106,779,587 $114,788,056 $123,397,161

$527,469,555 $537,708,468 $539,977,831 $567,990,725 $620,666,565 $658,815,964 $682,080,573 $690,733,954 $714,303,852 $743,787,714 $793,085,436 $839,470,425

$4,191,009 $4,142,551 $4,703,781 $4,310,357 $4,216,805 $4,093,728 $4,285,272 $4,110,315 $4,028,820 $4,659,588 $4,881,024 $3,564,434

$4,191,009 $4,142,551 $4,703,781 $4,310,357 $4,216,805 $4,093,728 $4,285,272 $4,110,315 $4,028,820 $4,659,588 $4,881,024 $3,564,434

$55,694,468 $59,871,553 $64,361,920 $69,189,064 $74,378,243 $79,956,612 $85,953,357 $92,399,859 $99,329,849 $106,779,587 $114,788,056 $123,397,161

$55,694,468 $59,871,553 $64,361,920 $69,189,064 $74,378,243 $79,956,612 $85,953,357 $92,399,859 $99,329,849 $106,779,587 $114,788,056 $123,397,161

$59,885,477 $64,014,104 $69,065,700 $73,499,420 $78,595,049 $84,050,339 $90,238,629 $96,510,174 $103,358,669 $111,439,175 $119,669,080 $126,961,595

$17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560

$602,265,545 $610,509,561 $610,509,561 $635,744,644 $685,210,908 $719,729,457 $739,247,284 $744,490,957 $764,169,257 $789,260,858 $833,415,302 $873,904,433
$147,758,018 $149,940,207 $152,161,210 $154,210,543 $156,190,147 $158,137,664 $160,387,629 $163,424,422 $166,462,813 $169,520,291 $172,385,482 $175,098,728

$4,191,009 $4,142,551 $4,703,781 $4,310,357 $4,216,805 $4,093,728 $4,285,272 $4,110,315 $4,028,820 $4,659,588 $4,881,024 $3,564,434
$450,316,518 $456,426,804 $453,644,571 $477,223,745 $524,803,956 $557,498,065 $574,574,383 $576,956,220 $593,677,624 $615,080,979 $656,148,796 $695,241,271

$467,584,078 $473,694,364 $470,912,131 $494,491,305 $542,071,516 $574,765,625 $591,841,943 $594,223,780 $610,945,184 $632,348,539 $673,416,356 $712,508,831
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Assets Cash

Working Capital (As Portion of Cash)
Accounts Payable
Current Loan Principal
Current Loan Interest
Loan Payments
Depreciation Allowed
PPE Less Depreciation
ARO

Current Liabilities Principal
Interest
Current Portion of Long Term Debt
Accounts Payable

Long Term Liabilties ARO
Long Term Liability

Equity Shareholder Equity

Earnings
Depreciation

Retained Earnings

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991

$705,575,704 $722,356,350 $738,859,412 $744,126,462 $745,936,494 $749,160,661 $753,320,529 $713,311,923 $698,768,378 $696,690,765 $694,884,529

$15,082,067 $15,893,971 $14,340,713 $11,706,903 $10,571,702 $11,764,184 $16,279,152 $12,040,745 $11,594,989 $15,402,534 $11,418,235
$5,779,093 $5,662,604 $4,646,308 $4,810,564 $4,685,770 $5,126,581 $5,550,757 $6,127,504 $5,367,933 $7,100,169 $5,406,080

$3,125,537 $3,589,038 $3,720,079 $4,010,323 $3,861,058 $3,106,517 $3,001,745 $4,482,602 $8,280,208 $9,773,126 $9,947,230
$21,467,547 $19,372,915 $19,342,165 $18,407,887 $17,537,444 $17,250,853 $30,799,793 $65,468,743 $75,168,574 $72,281,845 $66,565,148

$132,651,948 $142,600,844 $153,295,907 $164,793,100 $177,152,583 $190,439,026 $204,721,953 $220,076,100 $236,581,807 $254,325,443 $273,399,851

$859,695,198 $884,330,109 $911,497,484 $927,327,449 $940,626,520 $956,850,540 $988,842,274 $998,856,766 $1,010,518,759 $1,023,298,053 $1,034,849,528

$5,779,093 $5,662,604 $4,646,308 $4,810,564 $4,685,770 $5,126,581 $5,550,757 $6,127,504 $5,367,933 $7,100,169 $5,406,080

$5,779,093 $5,662,604 $4,646,308 $4,810,564 $4,685,770 $5,126,581 $5,550,757 $6,127,504 $5,367,933 $7,100,169 $5,406,080

$132,651,948 $142,600,844 $153,295,907 $164,793,100 $177,152,583 $190,439,026 $204,721,953 $220,076,100 $236,581,807 $254,325,443 $273,399,851

$132,651,948 $142,600,844 $153,295,907 $164,793,100 $177,152,583 $190,439,026 $204,721,953 $220,076,100 $236,581,807 $254,325,443 $273,399,851

$138,431,041 $148,263,448 $157,942,215 $169,603,665 $181,838,353 $195,565,607 $210,272,710 $226,203,604 $241,949,740 $261,425,611 $278,805,931

$17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560

$887,999,956 $906,275,008 $926,467,399 $934,810,495 $939,611,141 $945,655,234 $966,365,787 $965,508,734 $968,945,228 $973,754,013 $976,178,309
$178,224,265 $181,813,304 $185,533,383 $189,543,705 $193,404,764 $196,511,281 $199,513,026 $203,995,628 $212,275,836 $222,048,962 $231,996,192

$5,779,093 $5,662,604 $4,646,308 $4,810,564 $4,685,770 $5,126,581 $5,550,757 $6,127,504 $5,367,933 $7,100,169 $5,406,080
$703,996,597 $718,799,101 $736,287,709 $740,456,225 $741,520,607 $744,017,373 $761,302,004 $755,385,602 $751,301,459 $744,604,882 $738,776,036

$721,264,157 $736,066,661 $753,555,269 $757,723,785 $758,788,168 $761,284,933 $778,569,564 $772,653,162 $768,569,019 $761,872,442 $756,043,597
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Assets Cash

Working Capital (As Portion of Cash)
Accounts Payable
Current Loan Principal
Current Loan Interest
Loan Payments
Depreciation Allowed
PPE Less Depreciation
ARO

Current Liabilities Principal
Interest
Current Portion of Long Term Debt
Accounts Payable

Long Term Liabilties ARO
Long Term Liability

Equity Shareholder Equity

Earnings
Depreciation

Retained Earnings

1992 1993 1994 1995 1996 1997 1998 1999

$701,356,752 $705,670,618 $726,564,846 $736,651,698 $742,001,912 $747,111,411 $746,148,437 $746,148,437

$11,972,721 $11,819,785 $15,647,661 $13,119,422 $11,590,472 $10,890,952 $4,545,053 $0
$5,028,183 $5,223,727 $5,212,052 $5,298,855 $5,126,459 $4,806,789 $2,392,898 $0

$9,886,953 $9,856,832 $9,605,445 $9,297,840 $8,998,779 $8,716,786 $7,061,718 $3,146,562
$57,871,394 $49,190,018 $39,584,573 $30,286,733 $21,287,954 $12,571,168 $5,509,450 $2,362,888

$293,904,840 $315,947,703 $339,643,780 $365,117,064 $392,500,844 $421,938,407 $453,583,788 $487,602,572

$1,053,132,986 $1,070,808,339 $1,105,793,199 $1,132,055,494 $1,155,790,710 $1,181,620,986 $1,205,241,675 $1,236,113,896

$5,028,183 $5,223,727 $5,212,052 $5,298,855 $5,126,459 $4,806,789 $2,392,898 $0

$5,028,183 $5,223,727 $5,212,052 $5,298,855 $5,126,459 $4,806,789 $2,392,898 $0

$293,904,840 $315,947,703 $339,643,780 $365,117,064 $392,500,844 $421,938,407 $453,583,788 $487,602,572

$293,904,840 $315,947,703 $339,643,780 $365,117,064 $392,500,844 $421,938,407 $453,583,788 $487,602,572

$298,933,023 $321,171,430 $344,855,832 $370,415,919 $397,627,303 $426,745,196 $455,976,686 $487,602,572

$17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560 $17,267,560

$983,843,731 $989,333,053 $1,010,227,280 $1,020,314,132 $1,025,664,346 $1,030,773,845 $1,029,810,871 $1,029,810,871
$241,883,145 $251,739,977 $261,345,421 $270,643,262 $279,642,040 $288,358,826 $295,420,544 $298,567,106

$5,028,183 $5,223,727 $5,212,052 $5,298,855 $5,126,459 $4,806,789 $2,392,898 $0
$736,932,403 $732,369,349 $743,669,807 $744,372,016 $740,895,847 $737,608,230 $731,997,429 $731,243,765

$754,199,963 $749,636,909 $760,937,367 $761,639,576 $758,163,407 $754,875,790 $749,264,989 $748,511,325
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1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958 1959

Total Liabilities/Net Worth < 2 1.598033276 2.104677759 0.992447793 0.59977504 0.522908414 0.400965371 0.323222499 0.283630314 0.257078321 0.232440152 0.222610884 0.203196127
(Net Income+Depreciation+Depletion+Amortization)/Total Liabilities>0.1 0.022285206 0.0810769 0.791237484 0.928188423 0.636083625 1.10684753 1.131859569 1.02468023 1.039092156 1.121598713 0.917418223 1.138349536
Current Assets/Current Liabilities >1.5 14333899.71 -0.748198358 2.384271556 4.374673391 2.815109877 5.483744155 8.23339973 9.835181772 11.35002168 14.16202312 16.44155329 18.8826788
Condition 1 Satisfied? 1=Yes, 0=No 0 0 1 1 1 1 1 1 1 1 1 1
Net Worth > $10 Million 17905208.32 14724241.63 33436126.77 54071672.32 61686728.6 80756040.19 99040118.31 111866710.6 122895464.7 134633028 138718775.1 152378836
Condition 2 Satisfied? 1=Yes, 0=No 1 1 1 1 1 1 1 1 1 1 1 1
(Net Worth + Net Working Capital)/Current Closure Costs >6 4.114186437 4.00711628 5.774291713 6.8301273 6.727751656 7.731610815 8.224087598 8.269556775 8.239934698 8.198133882 7.677654398 7.776978404
Condition 3 Satisfied? 1=Yes, 0=No 0 0 0 1 1 1 1 1 1 1 1 1
90 % of Assets in US, OR 0 0 0 0 0 0 0 0 0 0 0 0
Assets/Closure Costs >6 4.1001358 3.748134403 5.081128041 6.137301786 6.200201757 6.945991512 7.484579321 7.628791342 7.634922492 7.628083315 7.252922119 7.293603058
Condition 4 Satisfied? 1=Yes, 0=No 0 0 0 1 1 1 1 1 1 1 1 1
TEST SATISFIED 0 0 1 1 1 1 1 1 1 1 1 1

A = Working Capital/Total Assets 0.00                      0.07                       0.14                    0.11                       0.09                       0.11                       0.10                       0.08                       0.08                           0.07                           0.06                           0.07                           
B = Retained Earnings/Total Assets 0.01                      0.02                       0.35                    0.57                       0.67                       0.81                       0.90                       0.98                       1.06                           1.12                           1.19                           1.24                           
C = EBIT/Total Assets $0.01 $0.01 $0.34 $0.29 $0.15 $0.25 $0.21 $0.16 $0.14 $0.14 $0.09 $0.13
D = Market Value of Equity/Book Value of Liabilities (14.16)                  (9.99)                     7.20                    6.60                       (2.44)                      11.76                     11.47                     7.77                       8.14                           11.34                         6.67                           9.86                           
E = Sales/Total Assets 0.01                      0.41                       0.65                    0.53                       0.43                       0.56                       0.49                       0.42                       0.40                           0.38                           0.30                           0.33                           
Z = 0.012A+0.014B+0.033C+0.0006D+0.999E 0.01                      0.40                       0.67                    0.55                       0.45                       0.58                       0.52                       0.45                       0.43                           0.41                           0.33                           0.36                           
A = Working Capital/Total Assets 0.00                      0.07                       0.14                    0.11                       0.09                       0.11                       0.10                       0.08                       0.08                           0.07                           0.06                           0.07                           
B = Retained Earnings/Total Assets 0.01                      0.02                       0.35                    0.57                       0.67                       0.81                       0.90                       0.98                       1.06                           1.12                           1.19                           1.24                           
C = EBIT/Total Assets $0.01 $0.01 $0.34 $0.29 $0.15 $0.25 $0.21 $0.16 $0.14 $0.14 $0.09 $0.13
D = Net Worth/Book Value of Liabilities 0.63                      0.48                       1.01                    1.67                       1.91                       2.49                       3.09                       3.53                       3.89                           4.30                           4.49                           4.92                           
E = Sales/Total Assets 0.01                      0.41                       0.65                    0.53                       0.43                       0.56                       0.49                       0.42                       0.40                           0.38                           0.30                           0.33                           
Z = 0.717A+0.847B+3.107C+0.420D+0.998E 0.33                      0.71                       2.52                    2.70                       2.34                       3.13                       3.27                       3.29                       3.43                           3.63                           3.54                           3.91                           

Altman Z Score

Public

Private

Condition 1

Condition 2

Condition 3

Condition 4

US EPA Test
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Total Liabilities/Net Worth < 2
(Net Income+Depreciation+Depletion+Amortization)/Total Liabilities>0.1
Current Assets/Current Liabilities >1.5
Condition 1 Satisfied? 1=Yes, 0=No
Net Worth > $10 Million
Condition 2 Satisfied? 1=Yes, 0=No
(Net Worth + Net Working Capital)/Current Closure Costs >6
Condition 3 Satisfied? 1=Yes, 0=No
90 % of Assets in US, OR
Assets/Closure Costs >6
Condition 4 Satisfied? 1=Yes, 0=No
TEST SATISFIED

A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Market Value of Equity/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.012A+0.014B+0.033C+0.0006D+0.999E
A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Net Worth/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.717A+0.847B+3.107C+0.420D+0.998E

Public

Private

Condition 1

Condition 2

Condition 3

Condition 4

1960 1960.5 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970

0.172667915 0.16742098 0.16119575 0.144611982 0.133570629 0.121018943 0.116711378 0.11680729 0.119557316 0.123292484 0.128074244 0.135137989
1.413658994 0.850273655 1.377295049 1.447893908 1.278521394 1.476828818 1.028981406 0.690957288 0.445129665 0.471763175 0.390920717 0.162873581
42.60423244 86.85477954 57.82769182 71.81748593 87.25881266 106.085276 115.6555348 122.3984248 136.554898 123.3052656 109.0315931 112.0502811

1 1 1 1 1 1 1 1 1 1 1 1
175044980.8 184007726.7 214146013.4 254913454.6 294214556.5 346722835.4 385146983.5 411907151.8 428826203.5 449172835.5 467584077.8 473694363.7

1 1 1 1 1 1 1 1 1 1 1 1
8.136563146 7.660883168 8.49078152 9.238331591 9.729497068 10.55093594 10.7228661 10.57484071 10.19182733 9.98990726 9.716527156 9.153839263

1 1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0 0

7.596215689 7.394821111 7.962896771 8.691570079 9.241691486 10.01902957 10.31310024 10.26102878 9.961678376 9.738739316 9.470771047 8.981034227
1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1 1

0.07                           0.04                           0.07                           0.06                           0.05                           0.05                           0.04                           0.03                           0.02                           0.03                           0.03                           0.02                           
1.27                           1.29                           1.27                           1.25                           1.22                           1.20                           1.18                           1.17                           1.16                           1.15                           1.14                           1.14                           

$0.16 $0.08 $0.16 $0.16 $0.13 $0.15 $0.10 $0.07 $0.04 $0.05 $0.04 $0.02
12.62                         10.53                         21.84                         25.36                         22.20                         26.54                         13.31                         6.71                           5.28                           3.45                           2.82                           1.48                           

0.35                           0.18                           0.32                           0.30                           0.25                           0.24                           0.19                           0.15                           0.12                           0.13                           0.14                           0.11                           
0.38                           0.20                           0.35                           0.34                           0.28                           0.28                           0.22                           0.17                           0.14                           0.15                           0.15                           0.13                           
0.07                           0.04                           0.07                           0.06                           0.05                           0.05                           0.04                           0.03                           0.02                           0.03                           0.03                           0.02                           
1.27                           1.29                           1.27                           1.25                           1.22                           1.20                           1.18                           1.17                           1.16                           1.15                           1.14                           1.14                           

$0.16 $0.08 $0.16 $0.16 $0.13 $0.15 $0.10 $0.07 $0.04 $0.05 $0.04 $0.02
5.79                           5.97                           6.20                           6.92                           7.49                           8.26                           8.57                           8.56                           8.36                           8.11                           7.81                           7.40                           
0.35                           0.18                           0.32                           0.30                           0.25                           0.24                           0.19                           0.15                           0.12                           0.13                           0.14                           0.11                           
4.40                           4.05                           4.54                           4.80                           4.88                           5.22                           5.12                           4.96                           4.76                           4.68                           4.53                           4.24                           
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Total Liabilities/Net Worth < 2
(Net Income+Depreciation+Depletion+Amortization)/Total Liabilities>0.1
Current Assets/Current Liabilities >1.5
Condition 1 Satisfied? 1=Yes, 0=No
Net Worth > $10 Million
Condition 2 Satisfied? 1=Yes, 0=No
(Net Worth + Net Working Capital)/Current Closure Costs >6
Condition 3 Satisfied? 1=Yes, 0=No
90 % of Assets in US, OR
Assets/Closure Costs >6
Condition 4 Satisfied? 1=Yes, 0=No
TEST SATISFIED

A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Market Value of Equity/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.012A+0.014B+0.033C+0.0006D+0.999E
A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Net Worth/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.717A+0.847B+3.107C+0.420D+0.998E

Public

Private

Condition 1

Condition 2

Condition 3

Condition 4

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981

0.146663668 0.148636426 0.144990183 0.146234109 0.152470825 0.162413854 0.169178302 0.17623062 0.177704446 0.178189503 0.191928351
0.03215783 0.371219472 0.654568808 0.433859835 0.24122476 0.085798901 0.219785055 0.252595899 0.392913814 0.340279102 0.124401724

98.63888627 113.453902 127.5150537 138.6648232 134.5627123 140.6251972 147.9217306 133.0302555 135.4161952 195.3503582 122.091079
0 1 1 1 1 0 1 1 1 1 1

470912130.8 494491304.8 542071516.2 574765624.8 591841943.3 594223779.8 610945183.8 632348538.8 673416355.6 712508830.7 721264157.3
1 1 1 1 1 1 1 1 1 1 1

8.535876432 8.425033943 8.624386817 8.449996103 8.091953519 7.578642518 7.321878337 7.1116569 7.0903378 6.942798135 6.594530123
1 1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0 0

8.389709856 8.209255854 8.344732774 8.239668378 7.935473296 7.475487079 7.191230651 6.965635776 6.909128537 6.802996287 6.480833588
1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1 1

0.02                              0.03                              0.03                              0.03                              0.02                              0.01                              0.02                              0.02                              0.03                              0.02                              0.02                              
1.13                              1.12                              1.10                              1.09                              1.08                              1.08                              1.07                              1.06                              1.05                              1.04                              1.03                              

($0.00) $0.04 $0.08 $0.05 $0.03 $0.01 $0.03 $0.03 $0.06 $0.05 $0.02
(0.26)                            4.67                              5.24                              2.95                              1.19                              0.11                              2.21                              2.30                              3.48                              1.69                              1.48                              
0.10                              0.14                              0.16                              0.13                              0.10                              0.08                              0.10                              0.11                              0.13                              0.10                              0.10                              
0.12                              0.16                              0.18                              0.15                              0.12                              0.09                              0.11                              0.13                              0.15                              0.12                              0.11                              
0.02                              0.03                              0.03                              0.03                              0.02                              0.01                              0.02                              0.02                              0.03                              0.02                              0.02                              
1.13                              1.12                              1.10                              1.09                              1.08                              1.08                              1.07                              1.06                              1.05                              1.04                              1.03                              

($0.00) $0.04 $0.08 $0.05 $0.03 $0.01 $0.03 $0.03 $0.06 $0.05 $0.02
6.82                              6.73                              6.90                              6.84                              6.56                              6.16                              5.91                              5.67                              5.63                              5.61                              5.21                              
0.10                              0.14                              0.16                              0.13                              0.10                              0.08                              0.10                              0.11                              0.13                              0.10                              0.10                              
3.94                              4.07                              4.26                              4.11                              3.88                              3.61                              3.58                              3.51                              3.57                              3.50                              3.22                              
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Total Liabilities/Net Worth < 2
(Net Income+Depreciation+Depletion+Amortization)/Total Liabilities>0.1
Current Assets/Current Liabilities >1.5
Condition 1 Satisfied? 1=Yes, 0=No
Net Worth > $10 Million
Condition 2 Satisfied? 1=Yes, 0=No
(Net Worth + Net Working Capital)/Current Closure Costs >6
Condition 3 Satisfied? 1=Yes, 0=No
90 % of Assets in US, OR
Assets/Closure Costs >6
Condition 4 Satisfied? 1=Yes, 0=No
TEST SATISFIED

A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Market Value of Equity/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.012A+0.014B+0.033C+0.0006D+0.999E
A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Net Worth/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.717A+0.847B+3.107C+0.420D+0.998E

Public

Private

Condition 1

Condition 2

Condition 3

Condition 4

1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

0.201426658 0.209596059 0.223833101 0.239643105 0.256888844 0.270075687 0.292762154 0.314805481 0.343135671 0.368769649 0.396357779
0.147467843 0.151400118 0.072836977 0.047634094 0.046790484 0.112769263 0.016027814 0.048426181 0.055778431 0.044373252 0.058716746
127.5661058 159.0207683 154.6858924 159.1918686 146.1326239 135.7149183 116.4114958 130.174577 98.12312848 128.5375851 139.4851341

1 1 0 0 0 1 0 0 0 0 0
736066660.8 753555269.3 757723784.7 758788167.5 761284933.1 778569564.3 772653162.3 768569019 761872441.8 756043596.6 754199963.1

1 1 1 1 1 1 1 1 1 1 1
6.312894485 6.039549359 5.69826256 5.369372595 5.086219685 4.90969049 4.593399795 4.320339591 4.084139501 3.826877591 3.623981516

1 1 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

6.20143672 5.946000136 5.627222554 5.30969691 5.024445665 4.830172138 4.538688061 4.271329106 4.023577202 3.785113724 3.583244789
1 0 0 0 0 0 0 0 0 0 0
1 1 0 0 0 1 0 0 0 0 0

0.02                              0.02                              0.01                              0.01                              0.01                              0.02                              0.01                              0.01                              0.02                              0.01                              0.01                              
1.02                              1.02                              1.01                              1.00                              0.99                              0.98                              0.97                              0.96                              0.95                              0.94                              0.93                              

$0.02 $0.02 $0.01 $0.01 $0.01 $0.02 ($0.00) $0.00 $0.00 $0.00 $0.01
2.04                              1.13                              0.55                              (0.54)                            (0.33)                            0.40                              (3.54)                            (1.20)                            (0.16)                            (0.13)                            0.43                              
0.10                              0.08                              0.07                              0.06                              0.07                              0.09                              0.07                              0.07                              0.09                              0.07                              0.06                              
0.11                              0.10                              0.09                              0.08                              0.08                              0.10                              0.08                              0.08                              0.10                              0.08                              0.08                              
0.02                              0.02                              0.01                              0.01                              0.01                              0.02                              0.01                              0.01                              0.02                              0.01                              0.01                              
1.02                              1.02                              1.01                              1.00                              0.99                              0.98                              0.97                              0.96                              0.95                              0.94                              0.93                              

$0.02 $0.02 $0.01 $0.01 $0.01 $0.02 ($0.00) $0.00 $0.00 $0.00 $0.01
4.96                              4.77                              4.47                              4.17                              3.89                              3.70                              3.42                              3.18                              2.91                              2.71                              2.52                              
0.10                              0.08                              0.07                              0.06                              0.07                              0.09                              0.07                              0.07                              0.09                              0.07                              0.06                              
3.13                              3.03                              2.84                              2.69                              2.57                              2.55                              2.33                              2.23                              2.14                              2.02                              1.95                              
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Total Liabilities/Net Worth < 2
(Net Income+Depreciation+Depletion+Amortization)/Total Liabilities>0.1
Current Assets/Current Liabilities >1.5
Condition 1 Satisfied? 1=Yes, 0=No
Net Worth > $10 Million
Condition 2 Satisfied? 1=Yes, 0=No
(Net Worth + Net Working Capital)/Current Closure Costs >6
Condition 3 Satisfied? 1=Yes, 0=No
90 % of Assets in US, OR
Assets/Closure Costs >6
Condition 4 Satisfied? 1=Yes, 0=No
TEST SATISFIED

A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Market Value of Equity/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.012A+0.014B+0.033C+0.0006D+0.999E
A = Working Capital/Total Assets
B = Retained Earnings/Total Assets
C = EBIT/Total Assets
D = Net Worth/Book Value of Liabilities
E = Sales/Total Assets
Z = 0.717A+0.847B+3.107C+0.420D+0.998E

Public

Private

Condition 1

Condition 2

Condition 3

Condition 4

1993 1994 1995 1996 1997 1998 1999

0.428435988 0.453198709 0.486340167 0.524461217 0.565318429 0.608565317
0.047781817 0.088441805 0.052332232 0.036086538 0.032399393 0.013375121
135.0894906 139.4009209 139.0209254 144.7396533 155.4283848 311.8179002

0 0 0 0 0 0
749636909.2 760937367.1 761639575.6 758163406.8 754875790.1 749264989.2

1 1 1 1 1 1
3.426605461 3.301814798 3.13645959 2.974213177 2.826270181 2.667173652

0 0 0 0 0 0
0 0 0 0 0 0

3.389194888 3.255743998 3.100527491 2.944683376 2.80045847 2.657153337
0 0 0 0 0 0
0 0 0 0 0 0

0.01                              0.01                              0.01                              0.01                              0.01                              0.00                              
0.92                              0.91                              0.90                              0.89                              0.87                              0.85                              

$0.01 $0.02 $0.01 $0.00 $0.00 ($0.00)
0.27                              1.21                              0.54                              0.27                              0.24                              (0.04)                            
0.06                              0.08                              0.07                              0.06                              0.05                              0.02                              
0.08                              0.09                              0.08                              0.07                              0.07                              0.03                              
0.01                              0.01                              0.01                              0.01                              0.01                              0.00                              
0.92                              0.91                              0.90                              0.89                              0.87                              0.85                              

$0.01 $0.02 $0.01 $0.00 $0.00 ($0.00)
2.33                              2.21                              2.06                              1.91                              1.77                              1.64                              
0.06                              0.08                              0.07                              0.06                              0.05                              0.02                              
1.85                              1.84                              1.73                              1.63                              1.55                              1.44                              
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Converted to 2019 Constant CAD Total 1948 1949 1950 1951 1952 1953 1954

Tons 15665561 3383 84886 126214 151814 165846 245559 275985
OPT 0.63 0.815 0.708 0.842 0.755 0.846 0.785
Tons 1863618 0 0 0 0 0 0
OPT 0 0 0 0 0 0
Tons 17529179 3383 84886 126214 151814 165846 245559 275985
OPT 0.63 0.815 0.708 0.842 0.755 0.846 0.785
Total Oz 8129445.931 2,131 69,182 89,360 127,827 125,214 207,743 216,648
Cumulative Oz Au 2,131 71,256 160,615 288,442 413,656 621,399 838,047
Recovery % 86 86 86.4 87.2 86.1 85 81.9
Oz Au 6909840 1460 42562 93883 111497 107831 176539 177435
Cumulative Oz Au 1460 44022 137905 249402 357233 533772 711207
Oz Ag 948827 78 16473 37500 35040 34180 39973 30831
Cumulative Oz Ag 78 16551 54051 89091 123271 163244 194075
Ag/Au 0.053424658 0.387035384 0.399433337 0.314268545 0.316977493 0.226425889 0.173759405

Spot CAD '19/Oz Au $436.78 $436.78 $456.82 $408.73 $375.37 $354.15 $359.32
Spot USD/Oz Au $423.68 $423.68 $419.37 $388.29 $383.63 $360.17 $369.38
USD/CAD 0.970015044 0.970015044 0.918012422 0.949981732 1.022000318 1.016993464 1.028012136
FOREX Change 356138012.2 $19,119.88 $561,847.94 $3,545,009.95 $2,296,256.48 -$897,666.37 -$1,068,398.63 -$1,793,548.54
Cumulative FOREX $19,119.88 $580,967.82 $4,125,977.77 $6,422,234.26 $5,524,567.89 $4,456,169.25 $2,662,620.71
Revenue (CAD) 3484920505 $637,649.25 $18,737,660.77 $43,238,378.92 $45,908,356.44 $40,802,426.48 $62,871,150.30 $64,027,554.04
Revenue (USD) 3128782493 $618,529.36 $18,175,812.83 $39,693,368.97 $43,612,099.96 $41,700,092.85 $63,939,548.93 $65,821,102.58
Cumulative Rev. (CAD) $637,649.25 $19,375,310.02 $62,613,688.93 $108,522,045.37 $149,324,471.85 $212,195,622.15 $276,223,176.19
Cumulative Rev. (USD) $618,529.36 $18,794,342.19 $58,487,711.16 $102,099,811.12 $143,799,903.96 $207,739,452.90 $273,560,555.48

Labour 235476746.6 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
NWLC 91799184.18 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Marketing 29478904.54 $0.00 $0.00 $416,335.60 $406,069.82 $380,086.44 $611,199.49 $623,943.78
Royalties 21839534.75 $0.00 $0.00 $267,435.26 $195,106.55 $83,442.82 $210,471.00 $380,715.73
Taxes 99880428.95 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $125,856.44
Strike Costs 13378382.32 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Other Divisions 4260361.809 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Pensions 8074775.814 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Finance Costs 0 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
Administrative 89922561.48 $0.00 $0.00 $735,635.98 $695,203.09 $980,337.75 $1,402,456.52 $1,594,559.12

Total 594110880.5 $0.00 $0.00 $1,419,406.84 $1,296,379.47 $1,443,867.01 $2,224,127.01 $2,725,075.06
Robb Reported Total 2455109634 $0.00 $18,308,992.14 $20,656,562.77 $20,544,296.57 $26,488,312.31 $35,059,300.63 $36,700,586.87
Unknown OP Costs 2365187072 $0.00 $18,308,992.14 $19,920,926.79 $19,849,093.48 $25,507,974.56 $33,656,844.10 $35,106,027.75

$/Ton $0.00 $215.69 $163.66 $135.33 $159.72 $142.77 $132.98

$/Oz Au $0.00 $430.17 $220.02 $184.26 $245.65 $198.59 $206.84

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019 $0.58 $16.90 $38.99 $41.40 $36.79 $56.70 $57.74

121.74 135 Gold Price 2019 $393.88 $393.88 $411.95 $368.59 $338.50 $319.37 $324.03

Cumulative Rev 2019 $0.58 $17.47
Op Costs $0.00 $16.51 $18.63 $18.53 $23.89 $31.62 $33.10

$0.00 $387.92 $198.41 $166.16 $221.52 $179.09 $186.52

Profit $0.58 $0.39 $20.36 $22.87 $12.91 $25.08 $24.64
Cap Costs (2019) $20,838,869.69 $15,904,131.49 $10,635,697.27 $14,658,533.97 $18,245,658.15 $8,778,261.46 $8,713,554.81
Cap Costs M$ 300.9299945 $20.84 $15.90 $10.64 $14.66 $18.25 $8.78 $8.71
Net CFAT -$20,263,851.77 -$15,517,567.65 $9,728,082.71 $8,214,211.57 -$5,337,508.08 $16,301,846.54 $15,929,296.93
Net CFAT M$ -$20.26 -$15.52 $9.73 $8.21 -$5.34 $16.30 $15.93

26% $627.73

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary
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Converted to 2019 Constant CAD
Tons 

OPT

Tons

OPT

Tons

OPT

Total Oz

Cumulative Oz Au

Recovery %

Oz Au

Cumulative Oz Au

Oz Ag

Cumulative Oz Ag

Ag/Au

Spot CAD '19/Oz Au

Spot USD/Oz Au

USD/CAD

FOREX Change

Cumulative FOREX

Revenue (CAD)

Revenue (USD)

Cumulative Rev. (CAD)

Cumulative Rev. (USD)

Labour

NWLC

Marketing

Royalties

Taxes

Strike Costs

Other Divisions

Pensions

Finance Costs

Administrative

Total

Robb Reported Total

Unknown OP Costs

$/Ton

$/Oz Au

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019

121.74 135 Gold Price 2019

Cumulative Rev 2019
Op Costs

Profit
Cap Costs (2019)
Cap Costs M$
Net CFAT
Net CFAT M$

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary

1955 1956 1957 1958 1959 1960 1960.5 1961

286742 297582 309673 289220 321002 363496 181101 366515
0.761 0.765 0.795 0.795 0.784 0.784 0.795 0.779

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

286742 297582 309673 289220 321002 363496 181101 366515
0.761 0.765 0.795 0.795 0.784 0.784 0.795 0.779

218,211 227,650 246,190 229,930 251,666 284,981 143,975 285,515
1,056,258 1,283,908 1,530,098 1,760,028 2,011,694 2,296,675 2,440,650 2,726,165

79.2 79.2 77.4 69.95 75.73 80.86 81.92 82.24
173436 180267 190418 158451 190643 230387 117992 238966
884643 1064910 1255328 1413779 1604422 1834809 1952801 2191767

30023 32672 36582 22759 25572 25795 15560 30982
224098 256770 293352 316111 341683 367478 383038 414020

0.173107083 0.181242268 0.192114191 0.14363431 0.134135531 0.111963783 0.131873347 0.129650243
$34.63

$351.15 $344.79 $327.73 $324.21 $317.41 $310.05 $320.51 $319.85
$356.06 $350.30 $341.82 $333.93 $331.06 $319.67 $330.45 $310.26

1.013991665 1.015982328 1.042969106 1.029986181 1.043001647 1.031018206 1.031031591 0.970025212
-$853,476.78 -$997,992.55 -$2,694,691.05 -$1,546,271.55 -$2,608,654.44 -$2,208,947.54 -$1,177,507.39 $2,371,150.33

$1,809,143.93 $811,151.38 -$1,883,539.67 -$3,429,811.23 -$6,038,465.66 -$8,247,413.20 -$9,424,920.59 -$7,053,770.26
$60,998,945.59 $62,443,501.48 $62,712,290.35 $51,566,137.34 $60,664,059.15 $71,214,547.73 $37,945,440.85 $79,104,825.15
$61,852,422.37 $63,441,494.03 $65,406,981.40 $53,112,408.90 $63,272,713.59 $73,423,495.26 $39,122,948.24 $76,733,674.83

$337,222,121.78 $399,665,623.26 $462,377,913.61 $513,944,050.95 $574,608,110.10 $645,822,657.83 $683,768,098.68 $762,872,923.83
$335,412,977.85 $398,854,471.88 $464,261,453.28 $517,373,862.18 $580,646,575.77 $654,070,071.03 $693,193,019.27 $769,926,694.09

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$588,301.13 $588,944.50 $597,512.66 $503,221.02 $601,631.61 $418,893.32 $177,673.33 $527,254.17
$226,147.10 $476,115.13 $495,232.57 $191,553.65 $469,401.27 $666,379.12 $453,508.01 $1,314,325.46

$41,117.65 $0.00 $38,841.77 $38,310.73 $797,982.16 $4,535,080.09 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $1,119,245.57
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$1,603,496.03 $1,448,084.34 $1,284,778.93 $1,376,964.26 $1,350,711.55 $1,302,595.32 $1,202,619.94 $1,991,632.56

$2,459,061.91 $2,513,143.97 $2,416,365.93 $2,110,049.66 $3,219,726.59 $6,922,947.84 $1,833,801.28 $4,952,457.76
$38,264,552.19 $40,424,704.13 $39,339,022.25 $35,517,418.14 $36,183,055.41 $38,424,410.09 $21,089,279.32 $39,496,976.31

$36,661,056.17 $38,976,619.79 $38,054,243.32 $34,140,453.88 $34,832,343.86 $37,121,814.77 $19,886,659.38 $37,505,343.75

$133.45 $135.84 $127.03 $122.80 $112.72 $105.71 $116.45 $107.76

$220.63 $224.25 $206.59 $224.15 $189.79 $166.78 $178.73 $165.28

$55.01 $56.31 $56.55 $46.50 $54.71 $64.22 $34.22 $71.33

$316.66 $310.92 $295.54 $292.36 $286.24 $279.60 $289.02 $288.43

$34.51 $36.45 $35.48 $32.03 $32.63 $34.65 $19.02 $35.62

$198.96 $202.22 $186.30 $202.14 $171.15 $150.40 $161.18 $149.05

$20.50 $19.86 $21.08 $14.47 $22.08 $29.57 $15.20 $35.72
$10,325,598.70 $9,161,477.33 $5,552,608.15 $5,679,209.56 $7,621,533.86 $4,643,661.76 $634,310.92 $1,914,993.19

$10.33 $9.16 $5.55 $5.68 $7.62 $4.64 $0.63 $1.91
$10,175,772.05 $10,694,584.81 $15,524,885.61 $8,793,168.78 $14,454,891.29 $24,925,755.70 $14,566,200.97 $33,802,484.73

$10.18 $10.69 $15.52 $8.79 $14.45 $24.93 $14.57 $33.80
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Converted to 2019 Constant CAD
Tons 

OPT

Tons

OPT

Tons

OPT

Total Oz

Cumulative Oz Au

Recovery %

Oz Au

Cumulative Oz Au

Oz Ag

Cumulative Oz Ag

Ag/Au

Spot CAD '19/Oz Au

Spot USD/Oz Au

USD/CAD

FOREX Change

Cumulative FOREX

Revenue (CAD)

Revenue (USD)

Cumulative Rev. (CAD)

Cumulative Rev. (USD)

Labour

NWLC

Marketing

Royalties

Taxes

Strike Costs

Other Divisions

Pensions

Finance Costs

Administrative

Total

Robb Reported Total

Unknown OP Costs

$/Ton

$/Oz Au

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019

121.74 135 Gold Price 2019

Cumulative Rev 2019
Op Costs

Profit
Cap Costs (2019)
Cap Costs M$
Net CFAT
Net CFAT M$

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary

1962 1963 1964 1965 1966 1967 1968 1969

375820 388190 400606 395001 386800 331922 374717 399647
0.763 0.713 0.745 0.722 0.65 0.67 0.63 0.64

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

375820 388190 400606 395001 386800 331922 374717 399647
0.763 0.713 0.745 0.722 0.65 0.67 0.63 0.64

286,751 276,779 298,451 285,191 251,420 222,388 236,072 255,774
3,012,916 3,289,695 3,588,147 3,873,337 4,124,757 4,347,145 4,583,217 4,838,991

88.3 87.27 89.41 89.51 89.89 88.64 88.48 88.87
253189 241689 266752 255024 226696 196979 210358 230304

2444956 2686645 2953397 3208421 3435117 3632096 3842454 4072758
25504 25264 23278 20120 22041 23102 24627 34405

439524 464788 488066 508186 530227 553329 577956 612361
0.100731074 0.10453103 0.087264575 0.078894535 0.097227124 0.117281538 0.117071849 0.149389503

$35.73 $37.56 $37.76 $37.62 $37.68 $37.99 $41.60 $42.78

$325.27 $335.51 $329.42 $317.50 $304.44 $296.13 $313.22 $308.32
$304.45 $311.02 $305.38 $294.64 $282.51 $274.51 $291.92 $286.43

0.935999265 0.92700405 0.927013917 0.927990217 0.927989797 0.926979324 0.932011061 0.92899351
$5,542,021.32 $6,077,472.47 $6,948,447.49 $5,857,530.04 $4,997,703.17 $4,137,913.44 $4,509,988.78 $5,077,891.41

-$1,511,748.94 $4,565,723.54 $11,514,171.03 $17,371,701.07 $22,369,404.24 $26,507,317.69 $31,017,306.46 $36,095,197.87
$86,593,089.28 $83,257,667.11 $95,202,362.27 $81,343,531.14 $69,402,709.01 $56,667,695.86 $66,334,154.74 $71,513,060.01
$81,051,067.95 $77,180,194.64 $88,253,914.78 $75,486,001.10 $64,405,005.84 $52,529,782.41 $61,824,165.96 $66,435,168.61

$849,466,013.11 $932,723,680.22 $1,027,926,042.49 $1,109,269,573.63 $1,178,672,282.64 $1,235,339,978.50 $1,301,674,133.24 $1,373,187,193.25
$850,977,762.04 $928,157,956.68 $1,016,411,871.46 $1,091,897,872.56 $1,156,302,878.40 $1,208,832,660.82 $1,270,656,826.78 $1,337,091,995.38

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$607,424.59 $0.00 $631,154.11 $614,033.29 $0.00 $0.00 $0.00 $711,644.95
$1,137,942.48 $1,384,591.51 $1,814,638.94 $1,493,833.99 $565,557.41 $257,231.90 $564,703.95 $396,383.30
-$277,448.58 $0.00 $0.00 $4,895,049.23 $5,009,222.79 $2,338,471.79 $5,421,157.96 $4,107,972.35

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$694,854.99 $792,290.06 $299,528.84 $470,574.59 $143,918.20 $0.00 $0.00 $0.00

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$1,830,803.79 $1,807,356.43 $1,679,727.51 $2,005,611.38 $1,850,293.79 $1,745,240.47 $1,800,682.79 $1,843,989.51

$3,993,577.26 $3,984,238.00 $4,425,049.40 $9,479,102.47 $7,568,992.19 $4,340,944.16 $7,786,544.71 $7,059,990.10
$39,521,115.50 $38,526,616.08 $37,986,822.73 $38,963,857.58 $39,382,889.29 $36,900,843.24 $42,849,924.31 $50,292,110.89

$37,690,311.71 $36,719,259.65 $36,307,095.22 $36,958,246.19 $37,532,595.50 $35,155,602.76 $41,049,241.52 $48,448,121.38

$105.16 $99.25 $94.82 $98.64 $101.82 $111.17 $114.35 $125.84

$156.09 $159.41 $142.41 $152.79 $173.73 $187.33 $203.70 $218.37

$78.09 $75.08 $85.85 $73.35 $62.59 $51.10 $59.82 $64.49

$293.32 $302.56 $297.06 $286.32 $274.53 $267.05 $282.45 $278.04

$35.64 $34.74 $34.26 $35.14 $35.51 $33.28 $38.64 $45.35

$140.76 $143.75 $128.42 $137.78 $156.66 $168.93 $183.69 $196.92

$42.45 $40.34 $51.60 $38.22 $27.07 $17.83 $21.18 $19.14
$881,291.87 $1,107,749.52 $1,544,222.86 $2,667,739.18 $3,851,667.77 $1,551,246.48 $3,098,362.48 $4,570,310.00

$0.88 $1.11 $1.54 $2.67 $3.85 $1.55 $3.10 $4.57
$41,567,168.04 $39,229,718.28 $50,051,479.25 $35,549,308.67 $23,219,538.55 $16,274,061.96 $18,079,194.65 $14,566,270.34

$41.57 $39.23 $50.05 $35.55 $23.22 $16.27 $18.08 $14.57
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Converted to 2019 Constant CAD
Tons 

OPT

Tons

OPT

Tons

OPT

Total Oz

Cumulative Oz Au

Recovery %

Oz Au

Cumulative Oz Au

Oz Ag

Cumulative Oz Ag

Ag/Au

Spot CAD '19/Oz Au

Spot USD/Oz Au

USD/CAD

FOREX Change

Cumulative FOREX

Revenue (CAD)

Revenue (USD)

Cumulative Rev. (CAD)

Cumulative Rev. (USD)

Labour

NWLC

Marketing

Royalties

Taxes

Strike Costs

Other Divisions

Pensions

Finance Costs

Administrative

Total

Robb Reported Total

Unknown OP Costs

$/Ton

$/Oz Au

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019

121.74 135 Gold Price 2019

Cumulative Rev 2019
Op Costs

Profit
Cap Costs (2019)
Cap Costs M$
Net CFAT
Net CFAT M$

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary

1970 1971 1972 1973 1974 1975 1976 1977

424774 403819 401272 389460 301213 291496 250372 270192
0.61 0.62 0.56 0.46 0.37 0.31

0 0 0 0 26886 100473 177782 175480
0 0 0 0 0.256 0.245

424774 403819 401272 389460 328099 391969 428154 445672
0.61 0.62 0.56 0.46 0.36 0.29 0.281 0.271

259,112 250,368 224,712 179,152 118,116 113,671 120,311 120,777
5,098,103 5,348,471 5,573,183 5,752,335 5,870,450 5,984,121 6,104,433 6,225,351

87.77 86.89 89.34 88.52 87.18 87.76 88.21 87.73
228732 217702 201186 158293 101514 98437 106714 106143

4301490 4519192 4720378 4878671 4980185 5078622 5185336 5291479
41629 44063 39731 32690 21378 21473 25157 22809

653990 698053 737784 770474 791852 813325 838482 861291
0.181999021 0.202400529 0.19748392 0.206515765 0.210591643 0.218139521 0.235742264 0.214889347

$36.47 $38.47 $59.87 $108.00 $162.00 $157.00 $122.00 $164.00

$251.08 $256.83 $380.39 $628.83 $820.35 $717.61 $506.73 $637.62
$233.25 $254.26 $384.18 $628.83 $838.39 $705.40 $513.82 $599.38

0.928983525 0.989998837 1.009971734 1 1.021990425 0.98299794 1.013998585 0.940019205
$4,115,733.33 $564,519.33 -$767,418.26 $0.00 -$1,839,351.23 $1,206,144.68 -$763,867.13 $4,080,141.95

$40,210,931.20 $40,775,450.53 $40,008,032.26 $40,008,032.26 $38,168,681.03 $39,374,825.70 $38,610,958.57 $42,691,100.52
$57,954,626.82 $56,445,368.62 $76,959,362.24 $100,067,926.78 $83,643,279.29 $70,941,089.46 $54,567,451.53 $68,024,139.28
$53,838,893.49 $55,880,849.29 $77,726,780.50 $100,067,926.78 $85,482,630.52 $69,734,944.78 $55,331,318.66 $63,943,997.33

$1,431,141,820.07 $1,487,587,188.68 $1,564,546,550.92 $1,664,614,477.70 $1,748,257,756.99 $1,819,198,846.45 $1,873,766,297.98 $1,941,790,437.26
$1,390,930,888.87 $1,446,811,738.16 $1,524,538,518.66 $1,624,606,445.44 $1,710,089,075.96 $1,779,824,020.75 $1,835,155,339.41 $1,899,099,336.74

$0.00 $0.00 $0.00 $0.00 $15,189,607.82 $25,815,313.67 $20,942,818.88 $19,888,467.99
$0.00 $0.00 $0.00 $0.00 $6,665,943.00 $8,559,479.47 $7,482,420.94 $7,880,106.76

$618,280.96 $633,345.40 $778,667.39 $769,398.96 $685,786.27 $652,454.23 $609,150.85 $767,477.53
$38,553.49 $116,161.17 $514,634.49 $1,659,404.62 $886,172.70 $100,556.18 $78,916.31 $442,077.76

$1,246,103.91 $353,824.25 $3,945,531.06 $14,043,803.30 $8,785,769.39 $1,800,869.83 $412,354.34 $3,259,619.73
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $955,913.27 $760,459.74
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$1,774,768.66 $1,709,645.39 $1,808,876.68 $1,880,058.85 $1,761,199.89 $1,483,916.74 $1,201,708.51 $1,537,863.26

$3,677,707.02 $2,812,976.21 $7,047,709.61 $18,352,665.73 $33,974,479.07 $38,412,590.13 $31,683,283.09 $34,536,072.76
$49,710,609.88 $56,445,368.62 $51,724,279.30 $50,601,663.18 $49,124,730.69 $51,423,262.20 $49,323,778.34 $48,345,839.41

$47,935,841.22 $54,735,723.23 $49,915,402.62 $48,721,604.33 $47,363,530.80 $49,939,345.46 $48,122,069.83 $46,807,976.15

$117.03 $139.78 $128.90 $129.93 $149.73 $131.19 $115.20 $108.48

$217.33 $259.28 $257.10 $319.67 $483.92 $522.40 $462.21 $455.48

$52.26 $50.90 $69.40 $90.24 $75.43 $63.97 $49.21 $61.34

$226.42 $231.60 $343.03 $567.06 $739.77 $647.12 $456.96 $574.99

$44.83 $50.90 $46.64 $45.63 $44.30 $46.37 $44.48 $43.60

$195.98 $233.81 $231.84 $288.27 $436.39 $471.09 $416.81 $410.74

$7.43 -$0.00 $22.76 $44.61 $31.13 $17.60 $4.73 $17.75
$1,022,447.02 $198,292.76 $183,998.21 $786,889.87 $4,568,690.43 $10,536,032.10 $3,867,638.22 $1,742,118.74

$1.02 $0.20 $0.18 $0.79 $4.57 $10.54 $3.87 $1.74
$6,411,824.26 -$198,292.76 $22,572,438.80 $43,820,687.40 $26,559,369.62 $7,064,710.80 $860,989.74 $16,003,334.78

$6.41 -$0.20 $22.57 $43.82 $26.56 $7.06 $0.86 $16.00

130



Converted to 2019 Constant CAD
Tons 

OPT

Tons

OPT

Tons

OPT

Total Oz

Cumulative Oz Au

Recovery %

Oz Au

Cumulative Oz Au

Oz Ag

Cumulative Oz Ag

Ag/Au

Spot CAD '19/Oz Au

Spot USD/Oz Au

USD/CAD

FOREX Change

Cumulative FOREX

Revenue (CAD)

Revenue (USD)

Cumulative Rev. (CAD)

Cumulative Rev. (USD)

Labour

NWLC

Marketing

Royalties

Taxes

Strike Costs

Other Divisions

Pensions

Finance Costs

Administrative

Total

Robb Reported Total

Unknown OP Costs

$/Ton

$/Oz Au

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019

121.74 135 Gold Price 2019

Cumulative Rev 2019
Op Costs

Profit
Cap Costs (2019)
Cap Costs M$
Net CFAT
Net CFAT M$

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary

1978 1979 1980 1981 1982 1983 1984

281626 295542 140889 292715 306895 219339 236147
0.19 0.21 0.25 0.23

115030 122576 86351 102240 96955 108035 89401
0.213 0.149 0.221 0.188 0.23

396656 418118 227240 394955 403850 327374 325548
0.271 0.206 0.196 0.18 0.21 0.23 0.229

107,494 86,132 44,539 71,092 84,809 75,296 74,550
6,332,845 6,418,593 6,463,132 6,534,224 6,618,976 6,694,272 6,768,823

88.75 87.76 85.96 83.42 85 84.99 86
95413 75109 38285 58678 72587 62505 64066

5386892 5462001 5500286 5558964 5631551 5694056 5758122
24778 14373 6898 9315 14546 17626

886069 900442 907340 916655 931201 948827
0.259692076 0.191361887 0.180175003 0.158747742 0.20039401 0.281993441 0

$233.00 $412.00 $730.00 $524.00 $476.00 $507.00 $461.00

$844.03 $1,359.62 $2,159.82 $1,401.27 $1,155.55 $1,163.49 $1,031.69
$740.22 $1,161.10 $1,846.65 $1,168.65 $937.14 $943.60 $819.17

0.876997116 0.853993673 0.855000415 0.833992305 0.810995231 0.811002297 0.794007382
$9,964,051.80 $14,998,752.94 $12,073,004.87 $13,852,452.16 $16,297,182.19 $14,354,013.14 $13,609,905.32

$52,655,152.32 $67,653,905.25 $79,726,910.12 $93,579,362.28 $109,876,544.48 $124,230,557.62 $137,840,462.94
$81,006,651.84 $102,726,733.04 $83,262,340.75 $83,444,639.14 $86,226,301.59 $75,948,082.72 $66,069,869.24
$71,042,600.04 $87,727,980.11 $71,189,335.89 $69,592,186.97 $69,929,119.40 $61,594,069.57 $52,459,963.92

$2,022,797,089.10 $2,125,523,822.14 $2,208,786,162.89 $2,292,230,802.03 $2,378,457,103.62 $2,454,405,186.34 $2,520,475,055.58
$1,970,141,936.78 $2,057,869,916.89 $2,129,059,252.77 $2,198,651,439.75 $2,268,580,559.15 $2,330,174,628.72 $2,382,634,592.64

$20,801,315.45 $21,517,176.68 $16,415,412.20 $24,943,681.53 $24,521,678.43 $22,259,629.19 $23,181,644.80
$7,626,811.75 $7,453,969.76 $6,500,598.82 $10,522,100.51 $10,649,367.01 $8,570,418.13 $9,887,968.03

$648,668.54 $686,406.90 $568,060.88 $668,541.21 $740,421.24 $844,505.04 $593,057.69
$761,801.28 $1,910,719.21 $1,520,746.33 -$69,528.29 $87,393.98 $695,339.75 $21,144.19

$5,549,593.74 $10,137,701.95 $12,293,192.59 -$481,349.67 $813,249.56 $3,800,272.70 $290,770.59
$0.00 $0.00 $5,535,634.98 $0.00 $0.00 $0.00 $0.00
$0.00 $345,199.97 $0.00 $346,197.38 $48,552.21 $0.00 $0.00

$1,013,695.60 $1,158,311.65 $1,316,599.45 $960,025.17 $1,412,869.38 $91,794.03 $80,566.33
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$1,148,157.33 $1,197,912.05 $1,343,227.30 $1,224,767.49 $1,658,058.05 $1,672,946.13 $985,979.67

$37,550,043.69 $44,407,398.17 $45,493,472.55 $38,114,435.33 $39,931,589.86 $37,934,904.97 $35,041,131.29
$55,915,051.26 $58,572,289.02 $42,773,209.45 $69,349,116.36 $67,951,248.85 $55,755,691.73 $57,726,773.97

$54,766,893.93 $57,374,376.97 $41,429,982.15 $68,124,348.87 $66,293,190.80 $54,082,745.59 $56,740,794.30

$140.97 $140.09 $188.23 $175.59 $168.26 $170.31 $177.32

$586.03 $779.83 $1,117.23 $1,181.86 $936.14 $892.02 $901.05

$73.05 $92.64 $75.08 $75.25 $77.76 $68.49 $59.58

$761.13 $1,226.07 $1,947.68 $1,263.63 $1,042.05 $1,049.21 $930.35

$50.42 $52.82 $38.57 $62.54 $61.28 $50.28 $52.06

$528.47 $703.23 $1,007.49 $1,065.77 $844.19 $804.40 $812.55

$22.63 $39.82 $36.51 $12.71 $16.48 $18.21 $7.52
$1,175,490.16 $3,050,863.60 $5,145,358.99 $4,833,301.40 $1,494,406.31 $3,689,329.66 $3,076,044.53

$1.18 $3.05 $5.15 $4.83 $1.49 $3.69 $3.08
$21,451,557.66 $36,766,632.81 $31,366,839.86 $7,877,727.81 $14,985,630.14 $14,519,719.82 $4,447,573.38

$21.45 $36.77 $31.37 $7.88 $14.99 $14.52 $4.45
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Converted to 2019 Constant CAD
Tons 

OPT

Tons

OPT

Tons

OPT

Total Oz

Cumulative Oz Au

Recovery %

Oz Au

Cumulative Oz Au

Oz Ag

Cumulative Oz Ag

Ag/Au

Spot CAD '19/Oz Au

Spot USD/Oz Au

USD/CAD

FOREX Change

Cumulative FOREX

Revenue (CAD)

Revenue (USD)

Cumulative Rev. (CAD)

Cumulative Rev. (USD)

Labour

NWLC

Marketing

Royalties

Taxes

Strike Costs

Other Divisions

Pensions

Finance Costs

Administrative

Total

Robb Reported Total

Unknown OP Costs

$/Ton

$/Oz Au

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019

121.74 135 Gold Price 2019

Cumulative Rev 2019
Op Costs

Profit
Cap Costs (2019)
Cap Costs M$
Net CFAT
Net CFAT M$

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary

1985 1986 1987 1988 1989 1990 1991

333283 222346 242700 208304 273967 328025 429973
0.228 0.24 0.23 0.24 0.3 0.274

102960 99713 130680 154490 120000 54566
0.194 0.207 0.252 0.174 0.199

436243 322059 373380 362794 393967 382591 429973
0.228 0.23 0.24 0.213 0.242 0.289 0.274

99,463 74,074 89,611 77,275 95,340 110,569 117,813
6,844,811 6,918,885 7,008,496 7,085,771 7,181,111 7,291,680 7,409,493

85.9 87.3 86.6 83.9 87.2 87.5 86.5
65253 62813 76517 64709 83075 96767 102335

5823375 5886188 5962705 6027414 6110489 6207256 6309591

0 0 0 0 0 0 0
$436.00 $504.00 $566.00 $626.00 $588.00 $530.00 $495.00

$926.14 $1,032.35 $1,116.39 $1,187.25 $1,062.50 $910.20 $805.74
$677.93 $747.41 $828.37 $965.24 $849.99 $782.78 $701.00

0.731992841 0.723994272 0.742004093 0.812998415 0.799994378 0.86 0.87000278
$16,356,446.81 $18,647,791.24 $22,528,108.85 $13,589,965.62 $13,570,718.86 $12,601,513.25 $8,748,456.96

$154,196,909.75 $172,844,700.99 $195,372,809.85 $208,962,775.47 $222,533,494.32 $235,135,007.57 $243,883,464.54
$61,029,887.60 $67,563,058.74 $87,319,636.73 $72,672,997.02 $67,851,686.95 $90,010,808.94 $67,297,261.96
$44,673,440.79 $48,915,267.50 $64,791,527.87 $59,083,031.40 $54,280,968.09 $77,409,295.68 $58,548,805.00

$2,581,504,943.18 $2,649,068,001.92 $2,736,387,638.65 $2,809,060,635.67 $2,876,912,322.62 $2,966,923,131.55 $3,034,220,393.51
$2,427,308,033.43 $2,476,223,300.93 $2,541,014,828.80 $2,600,097,860.20 $2,654,378,828.29 $2,731,788,123.98 $2,790,336,928.97

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$589,887.53 $581,927.17 $2,856,973.46 $1,524,254.98 $954,712.09 $517,130.19 $407,852.92
$0.00 $30,724.45 $0.00 $0.00 $0.00 $0.00 $0.00

$3,351,923.36 $3,205,583.96 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$82,842.21 $241,698.98 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$841,887.17 $1,278,616.29 $2,696,316.77 $2,152,607.85 $3,903,053.10 $4,341,504.42 $3,853,832.46

$4,866,540.28 $5,338,550.85 $5,553,290.23 $3,676,862.84 $4,857,765.18 $4,858,634.62 $4,261,685.38
$56,229,240.87 $61,518,966.03 $66,609,083.63 $73,530,049.78 $64,415,193.25 $85,202,024.34 $64,872,965.71

$55,387,353.70 $60,240,349.73 $63,912,766.86 $71,377,441.92 $60,512,140.15 $80,860,519.91 $61,019,133.25

$128.89 $191.02 $178.39 $202.68 $163.50 $222.70 $150.88

$861.71 $979.40 $870.51 $1,136.32 $775.39 $880.49 $633.93

$55.04 $60.93 $78.74 $65.53 $61.19 $81.17 $60.69

$835.17 $930.95 $1,006.74 $1,070.64 $958.14 $820.80 $726.60

$50.71 $55.48 $60.07 $66.31 $58.09 $76.83 $58.50

$777.07 $883.20 $785.01 $1,024.71 $699.23 $794.00 $571.66

$4.33 $5.45 $18.68 -$0.77 $3.10 $4.34 $2.19
$2,990,615.28 $2,819,925.78 $16,550,685.07 $39,151,552.49 $17,980,039.43 $6,886,397.24 $4,230,532.28

$2.99 $2.82 $16.55 $39.15 $17.98 $6.89 $4.23
$1,338,501.26 $2,630,502.72 $2,125,631.48 -$39,924,423.62 -$14,881,085.78 -$2,549,942.15 -$2,044,355.80

$1.34 $2.63 $2.13 -$39.92 -$14.88 -$2.55 -$2.04
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Converted to 2019 Constant CAD
Tons 

OPT

Tons

OPT

Tons

OPT

Total Oz

Cumulative Oz Au

Recovery %

Oz Au

Cumulative Oz Au

Oz Ag

Cumulative Oz Ag

Ag/Au

Spot CAD '19/Oz Au

Spot USD/Oz Au

USD/CAD

FOREX Change

Cumulative FOREX

Revenue (CAD)

Revenue (USD)

Cumulative Rev. (CAD)

Cumulative Rev. (USD)

Labour

NWLC

Marketing

Royalties

Taxes

Strike Costs

Other Divisions

Pensions

Finance Costs

Administrative

Total

Robb Reported Total

Unknown OP Costs

$/Ton

$/Oz Au

2012-2019 CPI 2006-2019 CPI
135 90.4 Rev 2019

121.74 135 Gold Price 2019

Cumulative Rev 2019
Op Costs

Profit
Cap Costs (2019)
Cap Costs M$
Net CFAT
Net CFAT M$

Revenue

Revenue

Operations

Disclosed

Totals

Marketing

U/G

OP

Total

Production

Summary

1992 1993 1994 1995 1996 1997 1998

395018 413098 430238 410966 367421 389400 193350
0.286 0.264 0.264 0.254 0.262 0.27 0.283

395018 413098 430238 410966 367421 389400 193350
0.286 0.264 0.264 0.254 0.262 0.27 0.283 0.414593294

112,975 109,058 113,583 104,385 96,264 105,138 54,718
7,522,468 7,631,526 7,745,108 7,849,494 7,945,758 8,050,788 8,105,506

84.12 85.86 86.95 86.73 86.46 87.35 86.4
95878 92948 101176 91423 83385 91805 43634

6405469 6498417 6599593 6691016 6774401 6866206 6909840

7.28250777
0 0 0 0 0 0 0 0.185447645

$463.00 $490.00 $584.00 $563.00 $652.00 $544.00 $424.00

$743.98 $775.65 $915.73 $865.99 $989.35 $812.39 $633.19
$617.51 $601.21 $670.40 $632.60 $732.12 $586.71 $443.23

0.830007949 0.775105891 0.732093933 0.730500612 0.740003128 0.722205882 0.7
$11,560,074.04 $15,331,941.35 $22,353,774.45 $19,854,857.81 $17,385,398.91 $17,442,960.45 $8,325,540.65

$255,443,538.58 $270,775,479.93 $293,129,254.38 $312,984,112.19 $330,369,511.11 $347,812,471.56 $356,138,012.21
$68,003,615.23 $68,174,046.22 $83,438,851.31 $73,673,109.14 $66,867,723.26 $62,790,964.05 $27,751,802.16
$56,443,541.19 $52,842,104.87 $61,085,076.86 $53,818,251.33 $49,482,324.34 $45,348,003.59 $19,426,261.51

$3,102,224,008.74 $3,170,398,054.96 $3,253,836,906.27 $3,327,510,015.41 $3,394,377,738.67 $3,457,168,702.72 $3,484,920,504.88
$2,846,780,470.16 $2,899,622,575.03 $2,960,707,651.89 $3,014,525,903.22 $3,064,008,227.56 $3,109,356,231.16 $3,128,782,492.67

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$296,144.00 $429,489.96 $593,360.17 $467,921.71 $521,456.56 $468,246.90 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $21,839,534.75

$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $99,880,428.95

$5,585,439.82 $2,257,307.52 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00
$0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

$2,492,494.49 $1,835,827.37 $2,644,829.20 $3,237,834.62 $2,975,921.42 $3,745,969.25 $0.00

$8,374,078.31 $4,522,624.85 $3,238,189.37 $3,705,756.33 $3,497,377.98 $4,214,216.15 $0.00
$60,338,193.60 $62,684,723.89 $62,544,623.77 $63,586,257.56 $61,517,509.13 $57,681,464.93 $28,714,776.27

$57,845,699.12 $60,848,896.52 $59,899,794.57 $60,348,422.94 $58,541,587.70 $53,935,495.69 $28,714,776.27

$152.75 $151.74 $145.37 $154.72 $167.43 $148.13 $148.51

$629.32 $674.41 $618.18 $695.52 $737.75 $628.30 $658.08

$61.32 $61.48 $75.24 $66.44 $60.30 $56.62 $25.03

$670.90 $699.47 $825.79 $780.93 $892.17 $732.59 $570.99

$54.41 $56.53 $56.40 $57.34 $55.48 $52.02 $25.89

$567.51 $608.16 $557.46 $627.20 $665.29 $566.59 $593.44

$6.91 $4.95 $18.84 $9.10 $4.82 $4.61 -$0.87
$1,193,198.62 $1,175,455.89

$1.19 $1.18 $0.00 $0.00 $0.00 $0.00 $0.00
$5,719,308.26 $3,774,693.00 $18,841,950.08 $9,096,098.61 $4,824,704.21 $4,607,632.76 -$868,388.66

$5.72 $3.77 $18.84 $9.10 $4.82 $4.61 -$0.87
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All in constant 2019 CAD$ Year Total 1948 1949 1950 1951 1952 1953 1954 1955 1956

Tonnage 3,383 84,886 126,214 151,814 165,846 245,559 275,985 286,742 297,582

Oz Au 2,131 69,182 89,360 127,827 125,214 207,743 216,648 218,211 227,650

Net Revenue 575,018 18,737,661 43,238,379 45,908,356 40,802,426 62,871,150 64,027,554 60,998,946 62,443,501

Operating Costs $0.00 $18,308,992.14 $20,656,562.77 $20,544,296.57 $26,488,312.31 $35,059,300.63 $36,826,443.31 $38,305,669.85 $40,424,704.13
$/tonne 0 215.6891848 163.663007 135.3254415 159.716317 142.7734297 133.4363944 133.5893237 135.8439157
%/Oz Au 0 264.6493065 231.1624393 160.7190516 211.5447907 168.7629193 169.982668 175.5444463 177.5737461
EBITDA 575017.9222 428668.6244 22581816.15 25364059.87 14314114.17 27811849.67 27201110.74 22693275.74 22018797.35
Taxes $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $125,856.44 $41,117.65 $0.00

Effective Tax Rate 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.46% 0.18% 0.00%

Cash 2,002,657.17                    2,129,524.47                2,138,441.49            2,506,987.14             2,415,290.36              2,415,290.36              2,415,290.36              2,415,290.36                    2,415,290.36              
Letter of Credit 20,026.57                         41,321.82                      62,706.23                 87,776.10                   111,929.01                 136,081.91                 160,234.81                 184,387.72                       208,540.62                 

Trust 2,002,657.17                    2,129,524.47                2,138,441.49            2,506,987.14             2,415,290.36              2,415,290.36              2,415,290.36              2,415,290.36                    2,415,290.36              
Contribution 1,011,516.37                    5,231,529.03                5,904,024.84            8,207,642.42             7,650,811.35              12,126,693.67            12,487,664.33            11,783,126.51                 14,022,039.81            

Balance 10,115.16                         62,430.45                      121,470.70               203,547.13                280,055.24                 401,322.18                 526,198.82                 644,030.09                       784,250.48                 
Trust 1,011,516.37                    5,231,529.03                5,904,024.84            8,207,642.42             7,650,811.35              12,126,693.67            12,487,664.33            11,783,126.51                 14,022,039.81            

EPA Financial Test Pass 0 0 1 1 1 1 1 1 1
Altman Z Score Pass Public 0 0 0 0 0 0 0 0 0
Altman Z Score Pass Private 0 0 1 1 1 1 1 1 1

$575,017.92
Capital Costs 20838869.69 15904131.49 10635697.27 14658533.97 18245658.15 8778261.458 8713554.807 10325598.7 9161477.332

Cash ($50,050,443.54) ($22,266,508.94) ($17,604,987.33) $9,807,677.39 $8,198,538.76 ($6,346,834.34) $16,618,297.86 $15,946,409.14 $9,911,269.03 $10,442,029.66
Balance 2,002,657.17                    4,132,181.64                6,270,623.13            8,777,610.26             11,192,900.62            13,608,190.98            16,023,481.33            18,438,771.69                 20,854,062.05            

Letter of Credit ($89,077,897.79) ($20,283,878.34) ($15,516,784.68) $11,883,412.64 $10,617,749.79 ($4,043,472.98) $18,897,506.31 $18,201,464.68 $12,142,171.67 $12,648,779.40
Trust $244,526,767.23 ($22,266,508.94) ($17,604,987.33) $9,807,677.39 $8,198,538.76 ($6,346,834.34) $16,618,297.86 $15,946,409.14 $9,911,269.03 $10,442,029.66

Balance 2,002,657.17                    4,212,287.92                6,519,220.93            9,286,976.90             12,073,746.34            14,971,986.55            17,986,156.37            21,120,892.98                 24,381,019.05            
Corporate Promise/Test ($50,050,443.54) ($20,263,851.77) ($15,475,462.86) $11,946,118.87 $10,705,525.90 ($3,931,543.98) $19,033,588.22 $18,361,699.49 $12,326,559.38 $12,857,320.02

Cash ($50,050,443.54) ($21,275,368.14) ($20,706,991.89) $6,042,094.04 $2,497,883.48 ($11,582,355.33) $6,906,894.55 $5,874,035.16 $543,432.88 ($1,164,719.79)
Balance 1,011,516.37                    6,243,045.40                12,147,070.23          20,354,712.65           28,005,524.00            40,132,217.67            52,619,882.01            64,403,008.51                 78,425,048.32            

Letter Of Credit ($211,569,851.06) ($20,273,966.93) ($15,537,893.32) $11,824,648.17 $10,501,978.77 ($4,211,599.22) $18,632,266.04 $17,835,500.67 $11,682,529.30 $12,073,069.53
Trust $1,042,491,984.33 ($21,275,368.14) ($20,706,991.89) $6,042,094.04 $2,497,883.48 ($11,582,355.33) $6,906,894.55 $5,874,035.16 $543,432.88 ($1,164,719.79)

Balance 1,011,516.37                    6,283,506.05                12,438,871.13          21,144,068.39           29,640,642.48            42,952,961.85            57,158,744.66            71,228,220.95                 88,099,389.60            
Corporate Promise/Test ($50,050,443.54) ($20,263,851.77) ($15,475,462.86) $11,946,118.87 $10,705,525.90 ($3,931,543.98) $19,033,588.22 $18,361,699.49 $12,326,559.38 $12,857,320.02

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

1957 1958 1959 1960 1960 1961 1962 1963 1964 1965

309,673 289,220 321,002 363,496 181,101 366,515 375,820 388,190 400,606 395,001

246,190 229,930 251,666 284,981 143,975 285,515 286,751 276,779 298,451 285,191

62,712,290 51,566,137 60,664,059 71,214,548 37,945,441 79,104,825 86,593,089 83,257,667 95,202,362 81,343,531

$39,377,864.02 $35,555,728.87 $36,981,037.57 $42,959,490.18 $21,089,279.32 $39,496,976.31 $39,243,666.92 $38,526,616.08 $37,986,822.73 $43,858,906.80
127.1595006 122.9366187 115.2050067 118.1842171 116.4503748 107.7636012 104.4214436 99.24680203 94.82339937 111.034926
159.9490573 154.6372563 146.9451616 150.7451749 146.4784588 138.3358167 136.8564136 139.1960758 127.2797307 153.7879861
23334426.33 16010408.48 23683021.58 28255057.55 16856161.53 39607848.85 47349422.36 44731051.03 57215539.55 37484624.34
$38,841.77 $38,310.73 $797,982.16 $4,535,080.09 $0.00 $0.00 ($277,448.58) $0.00 $0.00 $4,895,049.23

0.17% 0.24% 3.37% 16.05% 0.00% 0.00% -0.59% 0.00% 0.00% 13.06%

2,415,290.36                2,415,290.36              2,415,290.36              2,415,290.36                      1,207,645.18               2,415,290.36               2,415,290.36               2,415,290.36               2,415,290.36                 2,419,459.80                
232,693.52                   256,846.43                 280,999.33                 305,152.23                         317,228.69                  341,381.59                   365,534.49                  389,687.40                  413,840.30                     438,034.90                   

2,415,290.36                2,415,290.36              2,415,290.36              2,415,290.36                      1,207,645.18               2,415,290.36               2,415,290.36               2,415,290.36               2,415,290.36                 2,419,459.80                
14,577,564.10              14,832,839.18            15,039,183.46            16,024,003.10                    8,077,362.93               18,329,644.69             18,405,731.14             18,293,818.38             15,915,218.85               15,573,326.23              

930,026.12                   1,078,354.52              1,228,746.35              1,388,986.38                      1,469,760.01               1,653,056.46               1,837,113.77               2,020,051.95               2,179,204.14                 2,334,937.40                
14,577,564.10              14,832,839.18            15,039,183.46            16,024,003.10                    8,077,362.93               18,329,644.69             18,405,731.14             18,293,818.38             15,915,218.85               15,573,326.23              

1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1

5552608.152 5679209.564 7621533.863 4643661.757 634310.9179 1914993.186 881291.8655 1107749.519 1544222.861 2667739.181

$15,327,686.05 $7,877,597.83 $12,848,215.20 $16,661,025.35 $15,014,205.43 $35,277,565.30 $44,330,288.72 $41,208,011.15 $53,256,026.33 $27,502,376.13
23,269,352.40              25,684,642.76            28,099,933.12            30,515,223.47                    31,722,868.65             34,138,159.01             36,553,449.36             38,968,739.72             41,384,030.08               43,803,489.88              

$17,510,282.88 $10,036,041.75 $14,982,506.22 $18,771,163.47 $15,904,621.92 $37,351,474.07 $46,380,044.58 $43,233,614.11 $55,257,476.39 $29,483,801.03
$15,327,686.05 $7,877,597.83 $12,848,215.20 $16,661,025.35 $15,014,205.43 $35,277,565.30 $44,330,288.72 $41,208,011.15 $53,256,026.33 $27,502,376.13

27,771,550.17              31,297,702.53            34,964,900.99            38,778,787.39                    41,537,584.06             45,614,377.78             49,854,243.25             54,263,703.34             58,849,541.83               63,622,983.30              
$17,742,976.41 $10,292,888.18 $15,263,505.55 $19,076,315.71 $16,221,850.61 $37,692,855.66 $46,745,579.07 $43,623,301.51 $55,671,316.69 $29,921,835.93

$3,165,412.31 ($4,539,950.99) $224,322.10 $3,052,312.60 $8,144,487.68 $19,363,210.97 $28,339,847.93 $25,329,483.13 $39,756,097.84 $14,348,509.70
93,002,612.42              107,835,451.59          122,874,635.05          138,898,638.15                  146,976,001.08          165,305,645.77           183,711,376.91          202,005,195.30          217,920,414.14             233,493,740.37            

$16,812,950.28 $9,214,533.67 $14,034,759.20 $17,687,329.33 $14,752,090.60 $36,039,799.20 $44,908,465.31 $41,603,249.56 $53,492,112.54 $27,586,898.53
$3,165,412.31 ($4,539,950.99) $224,322.10 $3,052,312.60 $8,144,487.68 $19,363,210.97 $28,339,847.93 $25,329,483.13 $39,756,097.84 $14,348,509.70

106,200,929.28            125,281,805.62          145,332,261.30          167,169,554.86                  181,933,699.98          207,540,692.67           234,248,051.52          261,911,791.97          288,303,482.49             315,408,948.02            
$17,742,976.41 $10,292,888.18 $15,263,505.55 $19,076,315.71 $16,221,850.61 $37,692,855.66 $46,745,579.07 $43,623,301.51 $55,671,316.69 $29,921,835.93
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

1966 1967 1968 1969 1970 1971 1972 1973 1974 1975

386,800 331,922 374,717 399,647 424,774 403,819 401,272 389,460 328,099 391,969

251,420 222,388 236,072 255,774 259,112 250,368 224,712 179,152 118,116 113,671

69,402,709 56,667,696 66,334,155 71,513,060 57,954,627 56,445,369 76,959,362 100,067,927 83,643,279 70,941,089

$44,392,112.08 $39,239,315.03 $48,271,082.28 $54,400,083.23 $50,956,713.79 $56,799,192.87 $55,669,810.35 $64,645,466.47 $57,910,500.08 $53,224,132.03
114.7676114 118.2184821 128.8201023 136.1203343 119.9619416 140.6550778 138.7333538 165.9874351 176.5031289 135.7865852
176.5655559 176.4454957 204.4763529 212.6880223 196.6589207 226.8630287 247.7381318 360.8422502 490.2864691 468.2296043
25010596.94 17428380.83 18063072.46 17112976.78 6997913.029 -353824.2526 21289551.88 35422460.31 25732779.21 17716957.43

$5,009,222.79 $2,338,471.79 $5,421,157.96 $4,107,972.35 $1,246,103.91 $353,824.25 $3,945,531.06 $14,043,803.30 $8,785,769.39 $1,800,869.83

20.03% 13.42% 30.01% 24.01% 17.81% -100.00% 18.53% 39.65% 34.14% 10.16%

2,419,459.80               2,419,459.80               2,419,459.80               2,419,459.80              2,419,459.80                2,419,459.80                 2,419,459.80                2,419,459.80               2,419,459.80               2,514,451.49                
462,229.50                   486,424.09                  510,618.69                   534,813.29                 559,007.89                   583,202.49                     607,397.08                   631,591.68                  655,786.28                  680,930.80                   

2,419,459.80               2,419,459.80               2,419,459.80               2,419,459.80              2,419,459.80                2,419,459.80                 2,419,459.80                2,419,459.80               2,419,459.80               2,514,451.49                
14,726,420.15             13,813,004.62             14,367,865.82             14,920,211.24            15,330,960.53              14,873,984.18               14,278,709.94              10,973,682.61             8,827,105.93               9,074,334.53                

2,482,201.61               2,620,331.65               2,764,010.31               2,913,212.42              3,066,522.03                3,215,261.87                 3,358,048.97                3,467,785.79               3,556,056.85               3,646,800.20                
14,726,420.15             13,813,004.62             14,367,865.82             14,920,211.24            15,330,960.53              14,873,984.18               14,278,709.94              10,973,682.61             8,827,105.93               9,074,334.53                

1 1 1 1 1 1 1 1 1 1
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1

3851667.767 1551246.476 3098362.478 4570310.005 1022447.018 198292.7551 183998.2134 786889.8719 4568690.426 10536032.1

$13,730,246.58 $11,119,202.76 $7,124,092.22 $6,015,234.63 $2,309,902.30 ($3,325,401.06) $14,740,562.81 $18,172,307.34 $9,958,859.60 $2,865,604.01
46,222,949.68             48,642,409.48             51,061,869.28             53,481,329.08            55,900,788.88              58,320,248.68               60,739,708.48              63,159,168.28             65,578,628.08             68,093,079.57              

$15,687,476.88 $13,052,238.47 $9,032,933.33 $7,899,881.14 $4,170,354.21 ($1,489,143.74) $16,552,625.53 $19,960,175.46 $11,722,533.12 $4,699,124.70
$13,730,246.58 $11,119,202.76 $7,124,092.22 $6,015,234.63 $2,309,902.30 ($3,325,401.06) $14,740,562.81 $18,172,307.34 $9,958,859.60 $2,865,604.01

68,587,362.43             73,750,316.73             79,119,789.20             84,704,040.57            90,511,661.99              96,551,588.27               102,833,111.60            109,365,895.86          116,159,991.50          123,320,842.65            
$16,149,706.38 $13,538,662.56 $9,543,552.02 $8,434,694.43 $4,729,362.10 ($905,941.26) $17,160,022.61 $20,591,767.14 $12,378,319.40 $5,380,055.50

$1,423,286.23 ($274,342.06) ($4,824,313.80) ($6,485,516.81) ($10,601,598.43) ($15,779,925.43) $2,881,312.68 $9,618,084.53 $3,551,213.47 ($3,694,279.03)
248,220,160.53           262,033,165.14          276,401,030.96           291,321,242.21          306,652,202.74            321,526,186.92             335,804,896.85            346,778,579.46          355,605,685.39          364,680,019.92            
$13,667,504.78 $10,918,330.91 $6,779,541.71 $5,521,482.01 $1,662,840.07 ($4,121,203.12) $13,801,973.64 $17,123,981.35 $8,822,262.54 $1,733,255.30

$1,423,286.23 ($274,342.06) ($4,824,313.80) ($6,485,516.81) ($10,601,598.43) ($15,779,925.43) $2,881,312.68 $9,618,084.53 $3,551,213.47 ($3,694,279.03)
342,751,726.09           370,274,799.76          399,453,657.57           430,352,015.11          462,897,056.25            496,286,922.68             530,417,109.52            562,607,476.51          593,938,881.50          626,770,771.28            
$16,149,706.38 $13,538,662.56 $9,543,552.02 $8,434,694.43 $4,729,362.10 ($905,941.26) $17,160,022.61 $20,591,767.14 $12,378,319.40 $5,380,055.50
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

1976 1977 1978 1979 1980 1981 1982 1983 1984 1985

428,154 445,672 396,656 418,118 227,240 394,955 403,850 327,374 325,548 436,243

120,311 120,777 107,494 86,132 44,539 71,092 84,809 75,296 74,550 99,463

54,567,452 68,024,139 81,006,652 102,726,733 83,262,341 83,444,639 86,226,302 75,948,083 66,069,869 61,029,888

$49,736,132.67 $51,605,459.14 $61,464,645.00 $68,709,990.96 $55,066,402.04 $68,867,766.69 $68,764,498.41 $59,555,964.42 $58,017,544.56 $59,581,164.24
116.1641201 115.7924643 154.9570535 164.3315786 242.3270641 174.3686412 170.2723744 181.9202637 178.2150238 136.5779261
413.3954452 427.2784659 571.7972452 797.7261095 1236.362572 968.7146734 810.8208305 790.9576685 778.2315449 599.0259919
4831318.859 16418680.14 19542006.84 34016742.08 28195938.72 14576872.45 17461803.19 16392118.29 8052324.681 1448723.363
$412,354.34 $3,259,619.73 $5,549,593.74 $10,137,701.95 $12,293,192.59 ($481,349.67) $813,249.56 $3,800,272.70 $290,770.59 $3,351,923.36

8.54% 19.85% 28.40% 29.80% 43.60% -3.30% 4.66% 23.18% 3.61% 231.37%

2,663,138.25               2,576,188.62               2,576,188.62                2,576,188.62                 2,576,188.62                2,707,952.75               2,703,783.31               2,700,584.88                2,700,584.88                  2,700,584.88                 
707,562.18                  733,324.06                   759,085.95                   784,847.84                    810,609.72                   837,689.25                  864,727.08                   891,732.93                   918,738.78                     945,744.63                    

2,663,138.25               2,576,188.62               2,576,188.62                2,576,188.62                 2,576,188.62                2,707,952.75               2,703,783.31               2,700,584.88                2,700,584.88                  2,700,584.88                 
11,245,349.00             11,344,468.14             10,743,115.75              10,372,987.24               8,924,147.56                10,405,275.70             9,802,638.16               9,200,388.69                9,159,743.65                  10,070,574.58               

3,759,253.69               3,872,698.37               3,980,129.53                4,083,859.40                 4,173,100.88                4,277,153.63               4,375,180.01               4,467,183.90                4,558,781.34                  4,659,487.08                 
11,245,349.00             11,344,468.14             10,743,115.75              10,372,987.24               8,924,147.56                10,405,275.70             9,802,638.16               9,200,388.69                9,159,743.65                  10,070,574.58               

1 1 1 1 1 1 1 1 0 0
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1

3867638.221 1742118.744 1175490.155 3050863.603 5145358.995 4833301.405 1494406.309 3689329.657 3076044.529 2990615.278

($2,111,811.95) $8,840,753.05 $10,240,734.33 $18,251,987.91 $8,181,198.51 $7,516,967.96 $12,450,364.01 $6,201,931.05 $1,984,924.68 ($7,594,400.16)
70,756,217.82             73,332,406.44             75,908,595.06              78,484,783.68               81,060,972.30              83,768,925.05             86,472,708.36             89,173,293.24              91,873,878.12                94,574,463.01               
($156,235.88) $10,683,617.60 $12,057,837.00 $20,043,328.69 $9,946,777.41 $9,387,231.46 $14,289,420.24 $8,010,783.00 $3,766,770.78 ($5,839,559.91)

($2,111,811.95) $8,840,753.05 $10,240,734.33 $18,251,987.91 $8,181,198.51 $7,516,967.96 $12,450,364.01 $6,201,931.05 $1,984,924.68 ($7,594,400.16)
130,916,814.60          138,729,675.81           146,855,051.46            155,305,442.14            164,093,848.44            173,365,555.13          183,003,960.65           193,024,703.96            203,446,277.00             214,284,712.96            

$551,326.30 $11,416,941.67 $12,816,922.95 $20,828,176.53 $10,757,387.13 $10,224,920.71 $15,154,147.32 $8,902,515.93 $4,685,509.56 ($4,893,815.28)

($10,694,022.70) $72,473.53 $2,073,807.20 $10,455,189.29 $1,833,239.58 ($180,354.99) $5,351,509.16 ($297,872.75) ($4,474,234.09) ($14,964,389.86)
375,925,368.91          387,269,837.05           398,012,952.80            408,385,940.04            417,310,087.60            427,715,363.30          437,518,001.46           446,718,390.15            455,878,133.79             465,948,708.37            
($3,207,927.39) $7,544,243.30 $8,836,793.42 $16,744,317.13 $6,584,286.26 $5,947,767.08 $10,778,967.31 $4,435,332.03 $126,728.22 ($9,553,302.36)

($10,694,022.70) $72,473.53 $2,073,807.20 $10,455,189.29 $1,833,239.58 ($180,354.99) $5,351,509.16 ($297,872.75) ($4,474,234.09) ($14,964,389.86)
663,086,951.13          700,954,897.31           739,736,208.96            779,698,644.56            819,810,737.89            863,008,443.11          907,331,419.00           952,825,064.44            1,000,097,810.67          1,050,172,297.67         

$551,326.30 $11,416,941.67 $12,816,922.95 $20,828,176.53 $10,757,387.13 $10,224,920.71 $15,154,147.32 $8,902,515.93 $4,685,509.56 ($4,893,815.28)
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

1986 1987 1988 1989 1990 1991 1992 1993 1994 1995

322,059 373,380 362,794 393,967 382,591 429,973 395,018 413,098 430,238 410,966

74,074 89,611 77,275 95,340 110,569 117,813 112,975 109,058 113,583 104,385

67,563,059 87,319,637 72,672,997 67,851,687 90,010,809 67,297,262 68,003,615 68,174,046 83,438,851 73,673,109

$64,724,549.99 $66,609,083.63 $73,530,049.78 $64,415,193.25 $85,202,024.34 $64,872,965.71 $60,338,193.60 $62,684,723.89 $62,544,623.77 $63,586,257.56
200.9710953 178.3948889 202.6771385 163.5040327 222.6974088 150.8768358 152.7479599 151.7429857 145.3721516 154.7238885

873.787371 743.3120372 951.5358614 675.6364988 770.5792693 550.645386 534.0837757 574.7840366 550.6520895 609.1491673
2838508.752 20710553.1 -857052.7566 3436493.695 4808784.599 2424296.25 7665421.625 5489322.332 20894227.54 10086851.58

$3,205,583.96 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00 $0.00

112.93% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

3,336,354.37                 2,995,325.13               11,667,116.18              11,640,324.69             11,640,324.69               11,455,823.91               11,455,823.91             11,455,823.91                11,455,823.91                11,455,823.91                 
979,108.17                     1,009,061.43               1,125,732.59                1,242,135.83               1,358,539.08                 1,473,097.32                 1,587,655.56               1,702,213.80                  1,816,772.04                  1,931,330.28                    

3,336,354.37                 2,995,325.13               11,667,116.18              11,640,324.69             11,640,324.69               11,455,823.91               11,455,823.91             11,455,823.91                11,455,823.91                11,455,823.91                 
8,901,453.87                 10,292,044.00             9,501,990.23                10,520,429.60             10,693,400.99               9,286,614.33                 8,996,318.90               8,987,713.57                  7,992,981.88                  7,684,204.63                    
4,748,501.62                 4,851,422.06               4,946,441.96                5,051,646.26               5,158,580.27                 5,251,446.41                 5,341,409.60               5,431,286.74                  5,511,216.56                  5,588,058.60                    
8,901,453.87                 10,292,044.00             9,501,990.23                10,520,429.60             10,693,400.99               9,286,614.33                 8,996,318.90               8,987,713.57                  7,992,981.88                  7,684,204.63                    

0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
1 1 1 1 1 1 1 1 1 1

2819925.776 16550685.07 39151552.49 17980039.43 6886397.24 4230532.282 1193198.62 1175455.89 0 0

($6,523,355.36) $1,164,542.90 ($51,675,721.42) ($26,183,870.42) ($13,717,937.33) ($13,262,059.94) ($4,983,600.91) ($7,141,957.47) $9,438,403.63 ($1,368,972.33)
97,910,817.38               100,906,142.51           112,573,258.68            124,213,583.38          135,853,908.07            147,309,731.98            158,765,555.89           170,221,379.80              181,677,203.71             193,133,027.62               

($4,166,109.16) $3,150,806.61 ($41,134,337.83) ($15,785,681.57) ($3,436,151.72) ($3,279,333.35) $4,884,567.45 $2,611,652.64 $19,077,455.50 $8,155,521.31
($6,523,355.36) $1,164,542.90 ($51,675,721.42) ($26,183,870.42) ($13,717,937.33) ($13,262,059.94) ($4,983,600.91) ($7,141,957.47) $9,438,403.63 ($1,368,972.33)
226,192,455.85             238,235,479.21           259,432,014.56            281,449,619.83          304,347,929.32            327,977,670.40            352,552,601.13           378,110,529.08              404,690,774.16             432,334,229.03               
($3,187,000.98) $4,159,868.03 ($40,008,605.25) ($14,543,545.73) ($2,077,612.64) ($1,806,236.03) $6,472,223.01 $4,313,866.44 $20,894,227.54 $10,086,851.58

($12,088,454.86) ($6,132,175.97) ($49,510,595.48) ($25,063,975.33) ($12,771,013.63) ($11,092,850.36) ($2,524,095.89) ($4,673,847.13) $12,901,245.66 $2,402,646.96
474,850,162.24             485,142,206.24           494,644,196.48            505,164,626.07          515,858,027.07            525,144,641.40            534,140,960.29           543,128,673.86              551,121,655.74             558,805,860.37               
($7,935,502.61) ($691,554.03) ($44,955,047.21) ($19,595,191.99) ($7,236,192.91) ($7,057,682.45) $1,130,813.40 ($1,117,420.30) $15,383,010.98 $4,498,792.98

($12,088,454.86) ($6,132,175.97) ($49,510,595.48) ($25,063,975.33) ($12,771,013.63) ($11,092,850.36) ($2,524,095.89) ($4,673,847.13) $12,901,245.66 $2,402,646.96
1,101,080,643.45          1,155,415,913.19        1,211,134,539.95        1,270,100,351.15       1,331,597,766.18         1,394,148,291.16         1,458,910,541.71        1,526,254,676.94           1,595,297,845.90          1,666,793,964.36            

($3,187,000.98) $4,159,868.03 ($40,008,605.25) ($14,543,545.73) ($2,077,612.64) ($1,806,236.03) $6,472,223.01 $4,313,866.44 $20,894,227.54 $10,086,851.58
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006

367,421 389,400 193,350

96,264 105,138 54,718

66,867,723 62,790,964 27,751,802

$61,517,509.13 $57,681,464.93 $28,714,776.27 $0.00 $0.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00
167.4305745 148.129083 148.5119021
639.0479944 548.6262335 524.7770392
5350214.134 5109499.115 -962974.115 0 0 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000

$0.00 $0.00 $0.00

0.00% 0.00% 0.00%

11,455,823.91                11,455,823.91               11,455,823.91               
2,045,888.52                  2,160,446.75                 2,275,004.99                 

11,455,823.91                11,455,823.91               11,455,823.91               
7,278,372.66                  7,591,756.12                 5,431,841.81                 
5,660,842.33                  5,736,759.89                 5,791,078.31                 
7,278,372.66                  7,591,756.12                 5,431,841.81                 

0 0 0
0 0 0
1 1 1

0 0 0 338039483.2 17756327.99 0 69823110.03 0 0 26612624.08 0
($338,039,483.24) ($17,756,327.99) ($1,910,000.00) ($71,733,110.03) ($1,910,000.00) ($1,910,000.00) ($28,522,624.08) ($1,910,000.00)

($6,105,609.78) ($6,346,324.80) ($12,418,798.03) ($338,039,483.24) 209,744,171.36            ($1,910,000.00) (71,733,110.03)        ($1,910,000.00) (1,910,000.00)          ($28,522,624.08) (1,910,000.00)          
204,588,851.53             216,044,675.44            227,500,499.35            227,500,499.35               0

$3,304,325.62 $2,949,052.36 ($3,237,979.11) ($338,039,483.24) ($17,756,327.99) ($1,910,000.00) ($71,733,110.03) ($1,910,000.00) ($1,910,000.00) ($28,522,624.08) ($1,910,000.00)
($6,105,609.78) ($6,346,324.80) ($12,418,798.03) ($338,039,483) $320,283,155 $15,846,328 ($69,823,110) $69,823,110 $0 ($26,612,624) $26,612,624
461,083,422.10             490,982,582.90            522,077,710.13            522,077,710.13               $184,038,227 $166,281,899 $164,371,899 $92,638,789 $90,728,789 $88,818,789 $60,296,165

$5,350,214.13 $5,109,499.12 ($962,974.12) ($338,039,483.24) ($17,756,327.99) ($1,910,000.00) ($71,733,110.03) ($1,910,000.00) ($1,910,000.00) ($28,522,624.08) ($1,910,000.00)

($1,928,158.53) ($2,482,257.00) ($6,394,815.92) ($338,039,483) 320,283,155                 15,846,328               (69,823,110)             69,823,110               -                             (26,612,624)                  26,612,624               
566,084,233.03             573,675,989.14            579,107,830.95            579,107,830.95               241,068,348                 223,312,020            221,402,020            149,668,910            147,758,910            145,848,910                 117,326,286            

($310,628.20) ($627,260.78) ($6,754,052.42) ($338,039,483.24) ($17,756,327.99) ($1,910,000.00) ($71,733,110.03) ($1,910,000.00) ($1,910,000.00) ($28,522,624.08) ($1,910,000.00)
($1,928,158.53) ($2,482,257.00) ($6,394,815.92) ($338,039,483) 320,283,155                 15,846,328               (69,823,110)             69,823,110               -                             (26,612,624)                  26,612,624               

1,740,744,095.59          1,817,965,615.54         1,896,116,081.96         1,896,116,081.96            1,426,616,800              1,401,955,233         1,399,302,455         1,299,673,136         1,297,020,358         1,294,367,580              1,254,752,825         
$5,350,214.13 $5,109,499.12 ($962,974.12) ($338,039,483.24) ($17,756,327.99) ($1,910,000.00) ($71,733,110.03) ($1,910,000.00) ($1,910,000.00) ($28,522,624.08) ($1,910,000.00)
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

$1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00

-1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000

0 0 0 0 0 0 0 0 79126285.61 0 0 0
($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($81,036,285.61) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00)
($1,910,000.00) (1,910,000.00)           ($1,910,000.00) (1,910,000.00)          ($1,910,000.00) (1,910,000.00)          ($1,910,000.00) (1,910,000.00)           ($81,036,285.61) (1,910,000.00)          ($1,910,000.00) (1,910,000.00)          

($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($81,036,285.61) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00)
$0 $0 $0 $0 $0 $0 $0 $0 ($79,126,286) $79,126,286 $0 $0

$58,386,165 $56,476,165 $54,566,165 $52,656,165 $50,746,165 $48,836,165 $46,926,165 $45,016,165 $43,106,165 ($37,930,121) ($39,840,121) ($41,750,121)
($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($81,036,285.61) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00)

-                             -                             -                             -                             -                             -                             -                             -                             (79,126,286)                79,126,286               -                             -                             
115,416,286            113,506,286             111,596,286            109,686,286            107,776,286            105,866,286            103,956,286            102,046,286             100,136,286               19,100,000               17,190,000               15,280,000               

($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($81,036,285.61) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00)
-                             -                             -                             -                             -                             -                             -                             -                             (79,126,286)                79,126,286               -                             -                             

1,252,100,047         1,249,447,269          1,246,794,491         1,244,141,713         1,241,488,936         1,238,836,158         1,236,183,380         1,233,530,602          1,230,877,825            1,118,327,428         1,115,674,650         1,113,021,872         
($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($81,036,285.61) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00)
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All in constant 2019 CAD$ Year
Tonnage

Oz Au
Net Revenue

Operating Costs
$/tonne
%/Oz Au
EBITDA
Taxes

Effective Tax Rate

Cash
Letter of Credit

Trust
Contribution

Balance
Trust

EPA Financial Test Pass
Altman Z Score Pass Public
Altman Z Score Pass Private

Capital Costs

Cash
Balance

Letter of Credit
Trust

Balance
Corporate Promise/Test

Cash
Balance

Letter Of Credit
Trust

Balance
Corporate Promise/Test

RECLAIM EFA

SRK EFA

Financial Tests

SRK CASH FLOW

RECLAIM CASH FLOW

2019 2020 2021 2022 2023 2024 2025 2026

$1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00 $1,910,000.00

-1910000 -1910000 -1910000 -1910000 -1910000 -1910000 -1910000 0

0 0 0 0 0 0 0
($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) 0
($1,910,000.00) (1,910,000.00)          ($1,910,000.00) (1,910,000.00)          ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) 0

0
($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) 0

$0 $0 $0 $0 $0 $0 $0 ($55,120,121)
($43,660,121) ($45,570,121) ($47,480,121) ($49,390,121) ($51,300,121) ($53,210,121) ($55,120,121) 0

($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) 0

-                             -                             -                             -                             -                             -                             -                             1,910,000.00            
13,370,000               11,460,000               9,550,000                 7,640,000                 5,730,000                 3,820,000                 1,910,000                 0

($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) 0
-                             -                             -                             -                             -                             -                             -                             1,094,452,428          

1,110,369,095         1,107,716,317         1,105,063,539         1,102,410,761         1,099,757,983         1,097,105,206         1,094,452,428          0
($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00) ($1,910,000.00)
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Reclaim 6.1 Project: Giant Mine               6/25/2019

SUMMARY OF COSTS

CAPITAL COSTS

COMPONENT TYPE
COMPONENT 

NAME TOTAL COST
LAND 

LIABILITY
WATER 

LIABILITY

OPEN PIT A1 $173,899 $28,167 $145,732

A2 $39,006 $39,006 $0

B1 $2,230,301 $2,230,301 $0

B2 $16,752 $16,752 $0

B3 $16,027 $16,027 $0

B4 $9,438 $9,438 $0

Brock $74,903 $74,903 $0

C1 $22,409 $22,409 $0

UNDERGROUND MINE 0 $124,409 $124,409 $0

TAILINGS North, Central and South $13,451,916 $13,451,916 $0

Northwest $8,265,003 $8,265,003 $0

Settling and Polishing $2,353,593 $2,353,593 $0

Foreshore Tailings $275,090 $0 $275,090

BUILDINGS AND EQUIPMENT Townsite $974,943 $974,943 $0

A-Shaft $113,544 $113,544 $0

C-Shaft $439,764 $439,764 $0

Mill Complex $441,392 $441,392 $0

Roaster $236,996 $236,996 $0

B Shaft Ventilation Plant $7,249 $7,249 $0

TRP $88,487 $88,487 $0

B3 Vent Plant $5,045 $5,045 $0

Effluent Treatment Plant $18,162 $18,162 $0

Akaitcho Complex $70,881 $70,881 $0

Exterior Piping $0 $0 $0

CHEMICALS AND SOIL MANAGEMENT $5,577,538 $75,000 $5,577,538

WATER MANAGEMENT $6,737,362 $6,179,976 $557,386

POST-CLOSUREMONITORING AND MAINTENANCE $33,360,240 $0 $33,360,240

FREEZE PROGRAM $95,084,210 $95,084,210 Assumed from SRK

SUBTOTAL $170,208,560 $130,367,573 $39,915,987

PERCENTAGES 77% 23%

MOBILIZATION/DEMOBILIZATION $2,825,200 2,163,901 662,544

PROJECT MANAGEMENT 5% $8,510,428 $6,518,379 $1,995,799
Bonding 1% $1,702,086 $1,303,676 $399,160
Taxes (GST on supplies) - est. allowance $0 $0 $0
Insurance 1% $1,702,086 $1,303,676 $399,160

ENGINEERING 5% $8,510,428 $6,518,379 $1,995,799

CONTINGENCY 20% $34,041,712 $26,073,515 $7,983,197

Market Price Factor Adjustment 0% $0 $0 $0

GRAND TOTAL - CAPITAL COSTS $227,500,499 $174,249,097 $53,351,647

Giant RECLAIM Model.xlsm 1 of 1
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Component Capital Cost
Component Direct Cost Indirect Cost Contingency Subtotals (2019) Dewatering
Remediation Management 65,657,339 0 9,848,601 83,730,096 Open Pit Remediation 3,605,882
Care and Maintenance 70,276,286 0 1,078,040 79,126,286 Borrow Source Areas
Baker Creek 10,444,509 4,425,194 3,717,426 20,611,651 Tailings and Sludge Ponds 69,823,110
Buildings, Hazardous Waste and Debris Disposal 13,398,988 0 6,699,494 22,287,622 Water Treatment Plant 41,642,664
Contaminated Soils 9,180,135 3,136,990 3,695,137 17,756,328 Baker Creek Rehabilitation 26,612,624
Freeze System 95,084,210 27,536,273 29,281,862 168,447,647 Historic Quarries, Borrow Sources and Overburden Piles
Highway 3,278,643 1,427,047 705,854 6,000,973 Contaminated Soils Excavation and Reclamation 17,756,328
Pits 1,902,590 924,978 424,136 3,605,882 Buildings and Infrastructure Disposal 40,613,194
Shafts and Adits 680,374 390,560 160,640 1,365,718 Freeze System Construction 168,447,647
Tailings and Sludge Ponds 42,608,281 14,755,144 5,601,504 69,823,110 Active to Passive Freezing
Sub-Surface Work 8,967,055 3,777,961 2,549,004 16,959,855 Active Freezing UG
Water Management 27,058,511 4,706,893 5,787,025 41,642,664 Active Freezing Surface
Subtotals 348,536,921 61,081,040 69,548,723 531,357,831 Frozen Block Monitoring

Passive Monitoring and Maintenance 79,126,286
Component Average Annual Cost Other (Overhead, Structural) 83,730,096
Site management and monitoring 260,000 CAPEX 531,357,831
Freeze system operation & maintenance 360,000 Check 0
Earthworks inspection & maintenance 90,000
Water management operation & maintenance 1,200,000
Total 1,910,000

Inflation Rate 0%
Discount Rate 7.50%
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