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BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

EXECUTIVE SUMMARY 

EXECUTIVE SUMMARY 

This report documents the assessment of alternatives process to identify preferred candidate alternatives 

to store tailings, waste rock, and low grade ore generated during the Blackwater Gold Project (the Project). 

Particular to tailings management, the assessment considers the best available technology and best 

available practices. 

This report combines the two previously issued alternative assessments that were completed for the 

federal and provincial environmental impact assessment process (Application/EIS). Following the 

issuance of the federal Environmental Assessment (EA) Decision Statement and EA Certificate #M19-01 

in 2019, a pre-feasibility study (PFS) was completed in 2020 that resulted in minor changes to the mine 

plan. The plan for mine waste materials has been optimized in the 2020 PFS; however, some changes 

have required minor modifications to the alternatives assessment and are reflected in this report. 

The alternative assessments followed ECCC Guidelines (ECCC 2016) that sets out a seven-step process 

by which to identify, screen, and evaluate alternatives for mine waste disposal, including options relating 

to location selection, design, and other factors (Figure 1).  

Figure 1: Seven Steps of an Alternatives Assessment 

 

The ECCC Guidelines include a Multiple Accounts Analysis (MAA), which is the decision-making method 

used to identify the most suitable or advantageous alternative from a list of alternatives by weighing the 

relative advantages and disadvantages of each. Particular to tailings management, the alternatives 

assessment considers best available technology and best available practices. This resulted in the 

addition of a customized risk assessment in the pre-screening of the candidate alternatives. The risk 

assessment was incorporated to emphasize the importance of physical stability which was included as 

a separate account in the alternatives characterization. 

New Gold (previous owner) engaged with government agencies, Indigenous nations, local communities 

and the public on the alternatives assessment throughout the EA process. This included engagement 

with Indigenous groups and government agencies on the assessment methodology, identification of 

candidates and threshold criteria, “fatal flaw” screening criteria, high level risk assessment, multiple 

accounts and weightings, sensitivity of the MAA, and overall results. New Gold met with local communities 

and the public to discuss the proposed Project, including tailings management. Government agencies, 

Indigenous groups and the public had an opportunity to comment on the draft 2012 EIS Guidelines 

(and BC 2013 Application Information Requirements), which set out the information requirements for 

the Application/EIS.  

During the Application/EIS review, New Gold participated in Environmental Assessment Office working 

group meetings, attended public open houses, and met with Indigenous groups, local communities, the 

public, and government agencies to seek feedback on the Project, including mine waste management. 

The public had an opportunity to comment on the alternatives assessments included the Application/EIS 

during the held from January 20, 2016 to February 19, 2016 comment period. The federal and BC EA 

decisions include conditions that mitigate potential effects related to mine waste deposition and fish and 

fish habitat.  
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Step 1 of the tailings storage facility (TSF) alternatives assessment identified 23 reasonable, conceivable, 

and realistic options for technologies and storage locations for tailings and waste rock classified as 

Potentially Acid Generating (PAG) or Non-Acid-Generating (NAG)-potentially metal leaching. Candidates 

for management of mine waste were developed based on topographical maps of the project area with the 

threshold criteria considered in terms of terrain and storage capacity and the maximum production rate of 

55,000 tpd. 

A critical flaw assessment (Step 2) screened the TSF and PAG/NAG31 storage sites and technologies to 

eliminate those that: 

 would result in deposition of tailings into a fish-bearing lake; 

 are located in the sensitive Blackwater River watershed; 

 are located in Ungulate Winter Range; 

 are located on provincially or federally designated lands and/or private lands; 

 have insufficient capacity to store waste produced during the mine life; or  

 render collection and treatment of surface discharges impractical or improbable. 

Thirteen candidates passed the pre-screening step and were carried through to a high level risk assessment. 

The risk assessment identified four candidates with the lowest risk profile for each of the distinct tailings 

and waste rock technologies. The four TSF and PAG/NAG3 waste rock candidates carried forward into 

the MAA were: 

 Candidate 1 – thickened slurry tailings with submerged PAG/NAG3 waste rock; 

 Candidate 7 – ‘dry stack’ (filtered) tailings with submerged PAG/NAG3 waste rock;  

 Candidate 10 – paste tailings with submerged PAG/NAG3 waste rock; and 

 Candidate 22 – ‘dry stack’ (filtered) tailings with PAG/NAG3 waste rock on land. 

The characterization criteria for each of the alternatives were considered in the development of relevant, 

meaningful, and differentiating sub-accounts and indicators, which were used to create the multiple 

accounts ledger for the assessment. Based on ECCC Guidelines alternatives were characterized for 

four categories or accounts: Technical Account, Environment Account, Socio-economic Account, and 

Project Economic Account. A fifth account, Physical Stability, was added to emphasize and evaluate the 

importance of the short- and long-term safety of a tailings facility. 

Indicators were documented in a multiple accounts ledger and each alternative was scored for each 

indicator using six-point scales tailored to this assessment. A weighting component accounted for the fact 

that some indicators and accounts are more important to the decision making process than others. The 

rationale for scores and weightings are outlined in the report, in accordance with the recommendations 

provided in the ECCC Guidelines. The physical stability and environment account were afforded the 

highest weight. 

The results of the MAA indicated that Candidate 1 (thickened slurry tailings with submerged PAG/NAG3 

waste rock) scored highest overall and is the preferred alternative TSF location/technology. Candidate 1 

scored highest for all accounts except Physical Stability. Candidate 22 scored highest with respect to 

Physical Stability because it meets many of the best available technology principles (e.g., water not 

                                                      
1 NAG waste rock was further classified as to its metal leaching potential based on zinc content. NAG3 was characterized with a 

greater zinc concentration than NAG4 and NAG5 waste rock; and considered to have the potential for metal leaching. NAG3 waste 

rock is preferably stored sub-aqueously in the TSF to limit the potential for neutral metal leaching from NAG waste rock. 
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stored within the active waste storage facility and dry, compacted tailings promote strength). However, 

Candidate 22 does not score high in the other accounts because of the technical challenges of operating 

a filtered TSF at the Project throughput, operating in the climate (i.e., precipitation), and the geochemical 

risks associated with unsaturated storage of PAG waste rock.  

Candidate 1 scored highest for the Technical Account because this candidate allows for the best 

management of seepage through development of a long tailings beach. With Candidate 1, slurry deposition 

allows the greatest flexibility in the event of plant upset conditions as the tailings can easily be rerouted to 

other depositional areas. The saturation of PAG/NAG3 waste rock by submergence under water within the 

TSF is very important in ameliorating geochemical conditions so that metal leaching/acid rock drainage 

(ML/ARD) is minimized; long-term monitoring and maintenance is reduced with only the TSF runoff to 

capture (and anticipated quality of water will improve with saturation of PAG/NAG3 materials). 

Candidate 1 scored highest for the environment account because the effects from poor water quality 

(ML/ARD) are minimized by submergence. Deposition by slurry maintains a wetted beach that minimizes 

dust generation. The seepage quantity is less than the other candidates as water is kept away from the 

dam by a large beach. The better water quality and lower dust emissions means toxicological risk to 

wildlife is minimized. Candidate 1 also scored highest for the Socio-economic Account because less dust 

and better water quality minimize the potential health effects from harvested resources. 

To improve the physical stability of the chosen candidate further and to determine the Project best available 

practice, a failure modes effects assessment was conducted that catalogued many of the practices identified 

in the EA and identified additional operational design elements (northern and southern diversions, relocation 

of tailings pond) and contingency measures (emergency overflows). Those design elements and contingency 

measures result in more robust water management, and thus improve physical stability.  

Candidate alternatives were also assessed for locating the NAG waste rock and overburden stockpile(s). 

Two candidate alternatives were brought forward for characterization and assessment in a MAA 

(separate from the tailings assessment): 

 Candidate 1: Upper and Lower NAG Waste Rock and Overburden Storage; and 

 Candidate 2: West NAG Waste Rock and Overburden Storage. 

The results of the NAG waste rock and overburden MAA indicated that Candidate 1 (upper and lower) is 

the most appropriate candidate, with the highest rating. Although Candidate 1 has a slightly larger 

footprint when compared to Candidate 2, the dual stockpile design has the ability to split the waste into 

two streams and reduces overall waste haulage distances. In addition, the two stockpiles provide more 

flexibility for a phased approach/ramping up the mine throughput by providing more space for the low 

grade ore stockpile. This important aspect in terms of flexibility will support the project economics 

associated with a phased mining development.  

An alternative assessment of the low grade ore stockpile was also completed (separate from the tailings 

and NAG waste rock assessments). The location of the low grade ore stockpile is based on the prior 

selection of the TSF location and the NAG waste rock and overburden stockpiles’ location, such that the 

preferred locations for either was not available for the storage of low grade ore. Following the pre-screening 

assessment, two low grade ore candidate alternatives were deemed acceptable for further characterization: 

 Candidate 1: North of the Open Pit; and 

 Candidate 2: Northwest of the Open Pit. 

Both candidate alternatives are located in the same general area (which would already be disturbed by 

the mine site) and utilize the same technology for their construction, operation, closure and post-closure 

therefore a full alternative characterization of the alternatives’ environmental, technical, and socio-
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economic considerations was not deemed to be necessary. Following a qualitative comparison of the 

two candidates, Candidate 1 was preferred over Candidate 2 for all characteristics considered (with the 

exception of impact to fish habitat). Candidate 1 (low grade ore stockpile immediately north of the open 

pit) is the preferred location for the Project because it has better technical considerations (gentler slopes 

and ease of water treatment), meets design criteria, and is less costly than Candidate 2. 

Since acquiring the Project in August 2020, BW Gold LTD. (BW Gold) has continued to engage with 

Indigenous nations to provide updates on the Project, including the Project’s requirement for and plans to 

submit documents in support of the Schedule 2 amendment. BW Gold has met with Indigenous nations 

and Fisheries Oceans Canada to discuss the proposed fish compensation plan.  

BW Gold is confident that the best available technology and best available practices appropriate for the 

Project have been determined through the comprehensive assessments of tailings and PAG/NAG3 waste 

rock, NAG waste rock and overburden, and low grade ore stockpiles described in this report. In 

accordance with ECCC Guidelines, the preferred alternatives for waste disposal in fish frequented waters 

have considered environmental, technical and socio-economic perspectives. The deposition of waste is 

limited to creeks and tributaries within the Davidson Creek watershed with a total fish instream habitat 

loss of 4.8 ha (TSF = 3.5 ha; NAG waste rock and overburden stockpiles = 0.2 ha; and low grade ore 

stockpiles = 1.1 ha). BW Gold is committed to implementing the design elements and practices described 

in this report and looks forward to defining them further during the permitting stage of the Project.  
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1. INTRODUCTION 

1.1 Report Purpose 

This report documents the assessment of alternatives to identify preferred candidate alternatives to store 

tailings, waste rock and overburden, and low grade ore generated during the Blackwater Gold Project (the 

Project). Particular to tailings management, the assessment considers the best available technology and 

best available practices. 

The Fisheries Act applies to development projects that have the potential to impact a water body 

frequented by fish and prohibits the deposit of any deleterious substance into natural fish-bearing 

waterbodies. While fish-bearing waterbodies are normally avoided in planning a project, it is challenging 

to find feasible sites that would meet design, mitigation, inspection, and monitoring requirements for mine 

infrastructure. Therefore, fish-bearing waterbodies are being considered to meet these objectives. 

An amendment to Schedule 2 of the Metal and Diamond Mining Effluent Regulations (MDMER) is 

required to authorize the deposit of deleterious substances of any type into water frequented by fish. 

The MDMER prescribes deleterious substances or classes of substances. Before an amendment can 

be recommended by the Minister of the Environment, a proponent must demonstrate that mine waste 

disposal in fish-bearing waterbodies is the most appropriate option based on environmental, technical and 

socio-economic considerations by conducting an assessment of alternative locations for mine waste 

disposal for review by Environment and Climate Change Canada (ECCC). 

Two alternative assessments were previously completed and submitted with the Project’s Application 

for an Environmental Assessment (EA) Certificate/ Environmental Impact Statement (Application/EIS; 

New Gold 2015): 

 Assessment of Alternatives for the Blackwater Gold Project Tailings Storage Facility (ERM 2015a)2: 

This report assessed alternatives to identify the most suitable candidate to locate the tailings storage 

facility (TSF), waste dumps, and a low grade ore stockpile. The waste dump and low grade ore 

stockpile alternatives assessment was based on the preferred TSF location. This report followed 

Environment Canada Guidelines for the Assessment of Alternatives for Mine Waste Disposal, 2011 

(Environment Canada 2011) 

 Evaluation of Alternative Tailings Technologies for the Blackwater Project (EATT; ERM 2015b): 

This report was prepared in response to British Columbia (BC) Environmental Assessment Office 

(EAO; see August 27, 2015 letter in Appendix A-1) request that all mine proponents consider the 

implementation of Best Available Technology (BAT) and Best Available Practices (BAP) identified by 

the Mount Polley Independent Investigation Review Panel (the Panel). The report assessed tailings 

and waste rock storage alternatives and BAT/BAP for tailings management, considering the safety, 

technical, water balance, and lifecycle costs aspects for all Project phases, as well as the implications 

for environmental, health, social and economic values. 

This report combines the two previous reports into one stand-alone report as requested by ECCC, 

(February 11, 2020 letter Appendix A-2).  

New Gold Inc. (New Gold) received EA Certificate #M19-01 on June 21, 2019 under the 2002 

Environmental Assessment Act and an EA Decision Statement on April 15, 2019 under the Canadian 

Environmental Assessment Act, 2012 (CEAA 2012). In August 2020, BW Gold acquired the mineral 

tenures, assets and rights in the Project that were previously held by New Gold. The Impact Assessment 

                                                      
2 Erratum: The report was issued in 2014. This report is referenced as ERM 2015a in this report. 
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Agency of Canada (the Agency) notified BW Gold LTD. (BW Gold) on September 25, 2020 to verify that 

written notice had been provided within 30 days of the change of proponent as required in condition 2.16 

of the Decision Statement for the Blackwater Project. The Agency also advised that the Agency has 

commenced a process to amend the Decision Statement to reflect the new proponent name. On August 7, 

2020, the EA Certificate was transferred to BW Gold under the 2018 Environmental Assessment Act. 

Following the issuance of the federal and provincial EA decisions, BW Gold completed a pre-feasibility 

study (PFS) in August 2020 that resulted in minor changes to the mine plan.  

Table 1.1-1 describes the key changes applicable to the alternatives assessment. The plan for mine 

waste materials has been optimized in the 2020 PFS; however some changes have required minor 

modifications to the alternatives assessment and reflected in this report.  

Table 1.1-1: Changes to the Mine Plan since Environmental Assessment Decisions 

Mine Component Environmental Assessment  

(2019 EA Certificate) 

2020 Design  

(Artemis 2020) 

Life of Mine ■ 17 years ■ 23 years 

Ore processing rates ■ 66, 000 tpd ■ 15,000 tpd (Year 1 - 5) 

■ 33,000 tpd (Year 6 - 10) 

■ 55,000 tpd (Year 11 - 23)  

TSF and associated water 

management structures 

■ Designed to contain 344 Mt 

tailings and 446 Mt waste rock 

(PAG and NAG3) 

■ Tailings, PAG1, PAG2 and NAG3 

stored in TSF C and TSF D 

■ Designed to contain 334 Mt tailings and 

467 Mt waste rock (PAG and NAG3) 

■ Tailings, PAG1, PAG2 and NAG3 stored 

in TSF C and TSF D 

■ TSF C main dam is located further 

downstream from the 2019 EA Certificate 

location 

Low grade ore stockpiles ■ Low grade ore (temporary)  

■ Maximum capacity = 60 Mt 

■ Maximum storage in Year 10  

■ Low grade ore stockpile has been 

separated into two co-located sub-piles: 

a high grade ore stockpile and low grade 

ore stockpile. 

■ Maximum capacity = 111 Mt (low grade = 

111 Mt; high grade = 11.5 Mt) 

■ Maximum storage in Year 15 

Overburden and waste 

rock piles  

■ One pile (west dump)  ■ Two piles (upper and lower): 

o Upper (same location as the former 

west dump 

o Lower (immediately south of TSF C)  

Estimated total waste 

material (rock and tailings) 

■ Approximately 1,030 Mt ■ Approximately 1,000 Mt 

Notes:  

PAG = Potentially Acid Generating; NAG = Non-acid-generating; TSF = Tailings Storage Facility; 
EA = Environmental Assessment; tpd = tonnes per day; Mt = Million tonnes 

1.2 Structure of this Report 

The report has been prepared in accordance with ECCC Guidelines for the Assessment of Alternatives 

for Mine Waste Disposal (hereafter referred to as the ECCC Guidelines; ECCC 2016; Appendix A-3). 

The organization of the report follows the template provided by ECCC (ECCC 2019). The assessment 
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of alternatives considers concerns and interest raised by local communities, Indigenous groups, 

and stakeholders.  

1.3 Project Proponent 

BW Gold LTD. is a wholly-owned subsidiary of Artemis Gold Inc. (Artemis). Artemis is a publicly-traded 

company listed on the Toronto Stock Exchange (TSX-V:ARTG). Artemis is well financed, growth-oriented 

and aimed at creating shareholder value through the identification, acquisition and development of gold 

properties in mining friendly jurisdictions. BW Gold and Artemis are incorporated in BC (#73237 6876 and 

#71616 9511 respectively) and the corporate office is located in Vancouver BC. 
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2. PROJECT LOCATION AND DESCRIPTION 

The Project is located approximately 112 kilometres (km) southwest of Vanderhoof, 160 km southwest of 

Prince George, and 446 km northeast of Vancouver (Figure 2-1). The mine site is centered at latitude 

53°11'22.872" N, and longitude 124°52' 0.437" W (375400 E, 5893000 N) on National Topographic 

System sheet 93F/02. 

The Project is a greenfield gold and silver open-pit mine with associated ore processing facilities. The 

mine will have a life of mine of 23 years and will ramp up production in three phases: Year 1-5: 15,000 

tonnes/day (t/d) (5.5 Million tonnes per annum [Mtpa]); Year 6-10: 33,000 t/d (12 Mtpa); and Year 11-23: 

55,000 t/d (20 Mtpa) (Artemis 2020). Ore will be processed in a plant by a combined gravity circuit and 

whole ore cyanide leach to recover gold and silver. The gold and silver will be recovered into a gold-silver 

doré product.  

The mine site and mine access road is located within the traditional territories of Lhoosk’uz Dené Nation 

(LDN), Ulkatcho First Nation (UFN), Skin Tyee Nation (STN) and Tsilhqot'in Nation. The Project is 

supported by LDN and UFN, who submitted letters of support for the Project in October 2019 following 

completion of the EA process. Other components of the Project, including the existing Kluskus and 

Kluskus-Ootsa Forest Service Roads (FSR) and transmission line, cross the traditional territories of 

Nadleh Whut’en First Nation (NWFN), Saik’uz First Nation (SFN), and Stellat’en First Nation (StFN; 

collectively, the Carrier Sekani First Nations) as well as the traditional territories of the Nazko First Nation 

(NFN), Nee Tahi Buhn Band, Cheslatta Carrier Nation and Yekooche First Nation (EAO 2019).  

The mine site is accessed by vehicle via the Kluskus FSR, the Kluskus-Ootsa FSR and an exploration 

access road, which connects to the Kluskus-Ootsa FSR at km 124.5. BW Gold is planning to build a new, 

approximately 14 km, access road to the mine site, which will replace the existing exploration access 

road. The Kluskus FSR joins Highway 16 approximately 10 km west of Vanderhoof. Driving time from 

Vanderhoof to the mine site is about 2.5 hours. Access via helicopter is available from nearby heli-bases.  

2.1 Mine Plan 

The mine site will cover an area of approximately 4,400 hectares to accommodate ore processing, the 

mine, mine waste, and on-site infrastructure. Mine site components included in the Project footprint are:  

 Open pit and dewatering system; 

 TSF, dams, spillways and barge reclaim system; 

 TSF seepage collection system, including environmental control dam and plunge pool; 

 Fresh water reservoir (FWR); 

 Waste rock and overburden storage facilities, including surface water diversions; 

 Low grade ore stockpile including diversion channel, low permeability foundation and seepage 

collection system; 

 Water management infrastructure including ponds, dams, ditches, foundation drains, pipelines and 

structures for managing surface water; 

 Southern, Central, and Northern diversions; 

 Mine water treatment plants, ponds, pumps and piping; 

 Process plant buildings (mill, reagent, adsorption, run-of-mine (ROM) pile, primary crusher, cone 

crusher and screen and gold room);  
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 Administration and Ancillary buildings including the truck shop; 

 Domestic sewage treatment system; 

 Waste management handling facilities; 

 Explosives storage and emulsion plant; 

 Fuel farm; 

 Main camp; 

 Helipad; 

 Haul roads and other site access roads; 

 Portions of the mine access road; and 

 Portions of the electrical transmission line, fresh water supply system and booster bump stations. 

Offsite infrastructure will include an up to 140 km 230 kilovolt transmission line, a mine access road, 

a freshwater supply system, and fish habitat compensation sites. The Project has a projected construction 

phase construction phase expected to be approximately 2 years followed by a 23 year operations phase.  

2.2 Waste Classification 

Classification of mine wastes to be produced by the Project are based on the results of a Metal Leaching / 

Acid Rock Drainage (ML/ARD) test program, BC government and international guidance, and best mining 

industry practice (BC MEM and BC MELP 1998; Price and Errington 1998; MEND 2009; Price 2009). 

Mine waste was classified based on whether it is predicted to be potentially acid generating/non-acid 

generating (PAG/NAG), as shown by the calculated neutralization potential ratio (NPR). NAG waste rock 

was further classified as to its metal leaching potential (ML) based on zinc content. Classification criteria 

are as follows (Artemis 2020): 

 overburden (NAG); 

 waste rock; 

- PAG1 – NPR ≤ 1.0 (PAG); 

- PAG2 – 1.0 < NPR ≤ 2.0 (PAG); 

- NAG3 – NPR > 2.0 and Zn ≥ 1,000 ppm (NAG-ML); 

- NAG4 – NPR > 2.0 and 600 ≤ Zn <1,000 ppm (NAG); 

- NAG5 – NPR > 2.0 and Zn < 600 ppm (NAG); and 

 tailings (PAG). 

Median NPR values for PAG waste rock (particularly PAG1) are relatively low, indicating a relatively short 

lag time to acid production (Table 2.2-1), which have been verified in laboratory kinetic (humidity cells) and 

field tests (field bins). The humidity cell tests found that all PAG1 and some PAG2 samples were acid 

generating with little to no lag time. The results of the field bin tests for waste rock were similar to those for 

the humidity cell tests, but typically had a longer lag time to acid generation. Metal loads from sub-aqueous 

waste rock column tests were significantly lower than comparable humidity cell tests, due to oxygen-

deficient conditions created by the water cover inhibiting sulphide mineral oxidation. Taken together, 

the results of waste rock kinetic testing indicate the time to acid generation will be longer under field 

conditions than in laboratory testing, metal loads under neutral pH conditions will be lower than under 

acidic conditions, and saturated storage of waste rock will significantly reduce ML potential. 
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Table 2.2-1: Median Neutralization Potential Ratios and Metals for Waste Rock 

(Acid-Base Accounting Database) 

Waste Rock Type Neutralization 

Potential Ratio 

Total S  

(%) 

Zn  

(ppm) 

Cd  

(ppm) 

PAG1 0.3 0.6 1,720 10.4 

PAG2 1.5 0.3 878 5.6 

NAG3 3.6 0.14 1,600 9.9 

NAG4 6.1 0.12 767 5.0 

NAG5 6.8 0.04 128 0.25 

Notes: S = Sulphur; Zn = Zinc; Cd = Cadmium; ppm = parts per million 

In contrast, median NPR values for NAG waste rock are relatively high indicating very little potential for 

acid production. Segregation of waste rock with zinc greater than 1,000 ppm (NAG3) results in high NPR 

and relatively low zinc and cadmium concentrations in the remaining NAG4 and NAG5 waste rock. 

NAG4 and NAG5 waste rock can be stored in out-of-pit waste dumps, while NAG3 is preferably stored 

sub-aqueously in the TSF to limit the potential for neutral ML from NAG waste rock. 

All overburden samples from the open pit, plant site, TSF, and mine access road area were classified as 

NAG based on acid base accounting results and the net acid generation test. Except for material near the 

bedrock interface, overburden can be used for construction and reclamation purposes. Overburden near 

the interface will be tested and managed in accordance with the ML/ARD Management Plan.  

2.3 Tailings Storage Facility Design Criteria 

The primary design objectives for designing the TSF are to: 

 have minimal long-term environmental effects; 

 provide reliable and durable long-term containment with low maintenance and monitoring 

requirements; and 

 be able to safely and effectively contain tailings and PAG/ML waste rock produced over the life of 

the mine. 

In order to achieve these objectives, BW Gold adopted basic design criteria for the conceptual design of 

the candidate alternative TSFs: 

 Permanent, secure, and total confinement of all solid waste materials within an engineered 

disposal facility. 

 Control, collect, and remove free-draining liquids from waste rock and tailings during operations for 

recycling as process water to the maximum extent practicable. 

 Limit oxygenation and minimize ML from potentially reactive tailings and waste rock. 

 Include monitoring features for all aspects of the facility to confirm performance goals are achieved 

and design criteria and assumptions are met. 

 Stage development of the facility over the life of the mine. 

The TSF will contain 334 Mt of tailings, in addition to 467 Mt of PAG1 and PAG2 waste rock, and NAG3 

potentially ML waste rock, which will be generated during mine operations. Approximately 83 Mm3 of 

construction material will be required primarily (95%) from waste rock and overburden from development 

of the open pit.  
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PAG1 and PAG2 waste rock will be stored in the TSF or used in construction of the TSF embankments 

where it would be flooded within one year of placement.  

Similar to the design plan submitted in the Project’s Application/EIS, the 2020 PFS indicates that the TSF 

design includes two adjacent sites, TSF Site C and TSF Site D and has the same overall TSF footprint 

(Artemis 2020). The 2020 PFS includes a shift of the Site C Main Dam starter embankment within the 

overall TSF footprint relative to the Project’s Application/EIS (New Gold 2015). The starter dam shift 

achieves the following beneficial objectives:  

 simplify water management during early operations; 

 optimize initial capacity and haul distances;  

 improve constructability due to more gentle terrain; and  

 use the existing drivable trails network to facilitate construction to the extent practicable.  

The TSF embankments will be engineered, water-retaining, zoned earthfill/rockfill dams with compacted 

low-permeability core zones and appropriate filter/transition zones. Several borrow sources should be 

available for construction and are located in the vicinity of the TSF basin, including pit-run granular fill 

materials for the dam shell, fine-grained glacial till for the core zone, and aggregate materials that could 

be crushed and/or screened to produce desirable quantities and grain size distributions for engineered 

fill materials. 

Tailing slurry from the mill will be treated using the SO2/air process for cyanide destruction and metal 

precipitation. Laboratory tests have shown that this process will be effective in producing low residual 

cyanide and metal concentrations in the discharge to the TSF. BW Gold will operate the Project in 

accordance with the International Cyanide Management Code (International Cyanide Management 

Institute 2016). 

All drainage from the mine will flow by gravity to the TSF to simplify water management, spill control, and 

mine closure. Water within the Project area, except clean water diversions, will collect runoff from the 

mine site area and recycle process water to the maximum practicable extent. The tailings and mine water 

management plan will include the following strategies: 

 Manage sediment mobilization and erosion by installing sediment controls prior to land disturbance 

and limiting land disturbance to the minimum practicable extent.  

 Include appropriate temporary erosion and sediment control measures or use Best Management 

Practices (BMPs) prior to and during initial land disturbance. 

 Use water within the Project area by collecting and managing site runoff from disturbed areas, 

maximizing the recycle of process water, and storing water within the TSF to the maximum 

practicable extent. 

 Include staged engineered diversions (Southern, Central, and Northern diversions) to allow diversion 

of upstream flows from significant undisturbed catchment areas around the TSF to the FWR. Flow 

diversions will be operated as part of the mine site water balance and will be used for ore processing 

or Davidson Creek instream flow needs as required. 

 During operations, drainage from the low grade ore stockpiles may become acidic with elevated 

metals content; the drainage will be collected and neutralized with lime to increase the pH and 

precipitate metals before discharge to the TSF. Pit water is predicted to be of neutral pH with 

relatively low metals content during operations; it will be pumped to a small holding/monitoring pond, 

which will overflow to the TSF or be treated/released to a permitted discharge location in the 

downstream receiving environment. 
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 Collect all recoverable TSF seepage downstream of the main dam during operations and post closure 

until the pit lake overflows or the water is acceptable for direct discharge to Davidson Creek. 

 Monitor surface water and groundwater quality, maintain fish habitat, develop fish habitat offset plans, 

and reclaim disturbed areas. 

A preliminary site-wide water balance model (WBM) has been developed using GoldSim (version 12.1). 

The WBM is based on the average monthly climate conditions and does not include climatic variability 

at this stage of design. WBM results indicate that the mine is expected to operate with a surplus of 

approximately 2 to 3 Mm3 per year under average conditions during the first five years of operations as a 

result of the change to a lower initial production rate. Additional modelling is underway which considers a 

range of climatic conditions to further evaluate water quantity and water quality to support the engineering 

design and permit applications. 

2.4 Non-Acid Generating Waste Rock and Overburden Storage  

The concepts for waste rock and overburden handling remain unchanged from that presented during 

the Project’s Application/EIS (Artemis 2020; New Gold 2015).  

Waste rock classified as NAG3 (potentially ML) will be placed along with PAG1 and PAG2 waste rock in 

a Waste Rock Storage Facility (WRSF) located within the TSF. These WRSFs (within the TSF) will be 

staged such that the rock will be submerged within one year of placement to meet geochemical 

management criteria. 

The NAG4 and NAG5 waste rock and overburden will be used as construction material and unsuitable 

excess material will be disposed of in an on-land NAG waste rock stockpile. Surplus NAG waste materials 

from the open pit will be stored in the NAG waste rock stockpile. Surplus overburden not used in 

construction will be classified and managed in accordance with the segregation plans for the various 

waste rock types (i.e., placed in the NAG waste rock stockpile or the TSF).  

The 2020 PFS design includes upper and lower NAG waste rock and overburden stockpiles (Artemis 

2020). Both stockpiles overprint fish-bearing waterbodies. As the PAG material (both tailings and waste 

rock) has significantly greater ML/ARD potential than the NAG waste rock and, thus, has greater potential 

for effects to the environment, the locations and disposal methodologies for placement of the PAG 

material are more constrained than for the NAG waste rock. In order not to confound the importance of 

the placement of PAG material (in the TSF), the NAG waste rock and overburden alternatives have been 

assessed such that the preferred TSF location is not available for the storage of NAG waste rock and 

overburden. The NAG waste rock and overburden alternatives assessment is provided in Appendix B. 

The NAG waste rock and overburden storage areas will be designed to minimize surface water control 

requirements. Foundation drains will be installed in areas of existing drainage lines or when excessive 

seeps or springs are encountered during clearing and grubbing. Non-contact surface water will be 

diverted around the stockpiles during operations and closure and will be field-fit with the advancing fill 

platforms. Water that infiltrates through the stockpiles will be collected in ditches near the toe of the 

stockpile and routed to a sediment basin before discharge to the TSF. 

2.5 Low Grade Ore Stockpile 

Low grade ore has been characterized into two categories: lower and higher grade based on the gold 

equivalent (AuEq). Low grade ore with a 0.24 g/t AuEq will be stored in the low grade ore stockpile. 

Low grade ore with a 0.50 g/t AuEq will be sent to the high grade ore stockpile. The low and high grade 

ore stockpiles will be co-located at one stockpile location. The stockpiled ore will be re-handled back to 

the crusher during the mine life.  
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Low grade ore is classified as PAG with a relatively short lag time, and the low grade ore stockpile is 

expected to generate acidic drainage with elevated metals until the ore is processed. The stockpiled low 

grade ore will be placed on a compacted till liner with a drainage collection system. The drainage will be 

neutralized with lime prior to discharge to the TSF. 

The low grade ore stockpile location indicated in the 2020 PFS (Artemis 2020) overprint fish-bearing 

waterbodies. Therefore low grade ore stockpile alternatives have been assessed and is provided in 

Appendix C. 
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3. BACKGROUND FOR THE ASSESSMENT OF ALTERNATIVES 

3.1 Regulatory Context 

The alternatives assessment follows the transparent and standardized process in the 2016 ECCC 

Guidelines. The second alternatives assessment, EATT, was undertaken in response to direction from 

the BC EAO (March 19, 2015 letter) following the Mount Polley tailings storage facility breach in 

August 2014.  

The EAO 2015 letter directed that mine project EAs appropriately consider the recommendations of 

the “Report on Mount Polley Tailings Storage Facility Breach” by the Independent Expert Engineering 

Investigation and Review Panel (IEEIRP 2015). For proposed mining projects with new proposed tailings 

dams, proponents must provide the following information: 

 A description and assessment of alternative means of undertaking the proposed project with respect 

to options for tailings management that considers technology, siting, and water balance. 

 A presentation and comparison of BAP and BAT for tailing management for the project, along with 

options for managing water balance to enhance safety and reduce the risk (likelihood and 

consequence) of tailings dam failure during all phases of mine life (construction, operations, closure 

and post closure). The assessment must present and compare technically and economically viable 

engineering solutions that are available to adequately address site conditions. 

 Provision of a clear and transparent evaluation of the factors that supported the selection of the most 

suitable option. Factors that will be taken into consideration in the evaluation include safety, technical 

and financial aspects, and implications for environmental, health, social, heritage and economic 

values. The assessment must consider these factors in relation to tailings management options in 

both the short and long-term context. Life cycle cost assumptions (construction, operations, closure, 

and post closure) must be included in the analysis of options.  

Pursuant to the EAO 2015 correspondence, the EATT also assessed the BAT/BAP for the Project. In a 

letter dated June 3, 2015, the CEA Agency requested that environmental effects, as defined in section 5 

of CEA 2012, be included as factors to be considered in the assessment of the preferred option. 

Based on the EAO and CEA Agency direction, the ECCC Guidelines were reviewed to include the 

identification of BAT and BAP for the management of tailings and PAG/NAG3 waste rock storage. This 

resulted in the addition of a customized risk assessment in the pre-screening of the candidate alternatives 

(see Step 2a in Section 6.3). The risk assessment was incorporated to emphasize the importance of 

physical stability which was also included as a separate account in the alternatives characterization 

(see Step 3 in Section 7). 

ECCC’s Streamlining the Approvals Process for Metal Mines with Tailings Impoundment Areas (ECCC 

2012) describes the approach to streamline timelines for Governor in Council decisions authorizing the 

deposition of mine waste into water bodies frequented by fish. Amendments are eligible for streamlining 

if all the required documents are submitted and consulted on (i.e., Assessment of Alternatives and Fish 

Habitat Compensation Report) and all conditions for those documents are met. The streamlined process 

can shorten the approval time by exempting pre-publication of the Schedule 2 amendment in Canada 

Gazette, Part 1, which makes public the text of the proposed regulations and the associated regulatory 

impact statement. ECCC have further implemented a Streamlining Policy for projects meeting certain 

criteria and by shortening internal approval timelines of regulatory packages. The streamlined process 

can shorten the approval time following consultations for projects meeting the Streamlining Policy. 
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Pursuant to ECCC’s streamlined Schedule 2 approvals process, BW Gold has taken the following steps 

to go directly to Canada Gazette, Part 2 publication: 

 Conducted an assessment of mine waste (including tailings, waste rock, and overburden) and low 

grade ore stockpile alternatives, including the costs and benefits of the alternatives, as part of its 

Application/EIS; 

 Prepared a fish habitat compensation plan associated with the preferred TSF, waste rock and 

overburden stockpile, and low grade ore stockpile location, which outlines the habitat losses and 

gains in relation to the use of waterbodies affected by the Project (Palmer 2021); and 

 Conducted consultations on the alternatives as described in Section 3.3. The EA process has 

provided opportunities for Indigenous nations and the public to comment on the assessment of 

alternatives (ERM 2015a,b). 

3.2 ECCC Guidelines for the Assessment of Alternatives 

The assessment of alternatives for each mine waste disposal area is used by ECCC to carry out 

consultations associated with the amendment of Schedule 2 of the MDMER (Appendix A-1). Thus ECCC 

has requested that the two previously submitted alternative assessment reports (see Section 1.1) be 

combined into one stand-alone report prior to ECCC initiating their consultation process. Subsequent to 

ECCC’s February 11, 2020 letter, BW Gold met with ECCC on November 5, 2020 to discuss the contents 

of the 2020 combined report. In the meeting, ECCC indicated the approach taken in the December 2015 

report is suitable for the combined report (i.e., the use of a high level risk assessment in the pre-screening 

assessment and to include a separate ‘Physical Stability’ account in the alternatives characterization). 

ECCC confirmed that the combined report should include an assessment of all mine waste deposited into 

a waterbody that will affect fish and fish habitat. BW Gold has included the assessment of alternative for 

tailings storage (Main Report) in addition to the NAG waste rock and overburden stockpile(s) (Appendix B), 

and the low grade ore stockpile (Appendix C). 

Guidelines have been provided by ECCC that describe the process that must be undertaken when a 

proponent is proposing to deposit a deleterious substance into a natural waterbody or overprinting a 

natural waterbody frequented by fish (Appendix A-2). The process is designed to be robust, transparent, 

and replicable, and address issues of bias and subjectivity in decision-making. A Table of Concordance 

has been provided in Appendix A-3 to indicate where the requirements in the ECCC Guidelines have 

been addressed in this report. 

Section 2 of the ECCC Guidelines sets out a seven-step process by which to identify, screen, and 

evaluate alternatives for mine waste disposal, including options relating to location selection, design, and 

other factors. The ECCC Guidelines advise that the assessment include at least one alternative that does 

not impact a natural waterbody that is frequented by fish. The ECCC Guidelines include a Multiple 

Accounts Analysis (MAA), which is the decision making method used to identify the most suitable or 

advantageous alternative from a list of alternatives by weighing the relative advantages and 

disadvantages of each. As outlined in Section 3.1, the assessment was revised to include a high level risk 

assessment to identify the best candidate (i.e., lowest risk) for different tailings technologies. 

Consistent with ECCC’s seven-step process, this alternatives assessment: identifies reasonable, 

conceivable, and realistic alternatives for the TSF location and technologies (Steps 1 and 2); 

characterizes the alternatives and identifies relevant indicators by which to compare and contrast them 

(Steps 3 and 4); systematically evaluates the alternatives using quantitative and qualitative factors 

(Steps 5 and 6); and transparently documents the results (Step 7). Figure 3.2-1 illustrates the seven 

steps, each of which is described in further detail below.  
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Figure 3.2-1: Seven Steps of an Alternatives Assessment 

 

Step 1: Identify Candidate Alternatives  

Step 1 identifies a list of possible TSF locations and technologies that are reasonable, conceivable, and 

realistic alternatives for the Project. At this step it is imperative that no a priori judgement be made about 

any of the alternatives. Threshold criteria can be used to establish regional boundaries for selecting the 

candidate alternatives. The threshold criteria should be as broad as possible and described and 

rationalized to ensure transparency. The level of detail is highly conceptual but in principle be sufficiently 

thorough to allow an understanding of the concept.  

Step 2: Pre-screening Assessment 

In Step 2 the alternatives are screened to identify and eliminate alternatives with critical flaws. A critical 

flaw is a flaw that is so unfavourable that it alone is sufficient to eliminate an alternative from further 

consideration as it would render the TSF, or other aspects of the Project inoperable or unachievable. 

Screening criteria are yes-or-no questions designed to identify critical flaws. Screening questions are 

defined to reflect the specific context of a project; there is no standard set of questions. If a critical flaw 

is identified, the alternative is not considered further and the rationale for elimination is documented. 

Alternatives without critical flaws are carried forward to Step 2A, an additional step (in response to the 

EAO; Section 3.1) to screen candidates that have significant risk to the Project. In the high level risk 

assessment, candidates were screened out from further assessment based on safety (physical stability), 

environmental, and technical execution hazards. The lowest risk candidate for each tailings technology 

(slurry, paste, and filtered tailings) and the most “physically stable” candidate to address the 

recommendations in the Panel Report (Section 9.3.3, IEEIRP 2015) were carried to the characterization 

of alternatives in Step 3. 

Step 3: Alternatives Characterization 

Step 3 involves characterizing each remaining alternative within four broad categories, or accounts, 

based on technical design and execution (technical account), potential biophysical effects (environment 

account), potential effects on people (socio-economic account), and the project financial costs (economic 

account). This characterization is based on the candidate design concepts and the environmental and 

social baseline information relevant to each candidate.  

Step 4: Multiple Accounts Ledger 

Based on the characterization in the previous step, relevant and differentiating sub-accounts and 

indicators are identified in Step 4. A multiple accounts ledger is prepared to describe the indicators.  

Step 5: Value-based Decision Process 

The value-based decision process includes both objective (“scoring”) and subjective (“weighting”) 

components. Rating scales are developed for each indicator, using a scale of one to six, against which 

each alternative is scored. Next, the value-based weighting step acknowledges that some accounts, 

sub-accounts or indicators are more or less important to the decision-making process than others, and 

provides an opportunity to weight them accordingly. Weightings are assigned on a scale of one (less 
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important) to six (more important). Finally, this step uses the calculations stipulated in the ECCC 

Guidelines to calculate the weighted merit rating of each candidate based on the scores and weightings 

identified for each indicator. The results are compared, and alternatives with a higher weighted merit 

rating are preferred. 

Following the completion of Step 5, a Failure Modes Effects Assessment (FMEA) was completed to 

identify and characterize risks from accidents, failures of an engineered system or malfunctions. The 

FMEA evaluated risks specific to the TSF concept identified to be the BAT for the Project. The FMEA 

evaluated risk management practices outlined in the Project’s Application/EIS, and other practices 

expected to be applied during the Project’s permitting phase. Best Available Practices were identified to 

reduce residual Project risks identified during the FMEA. These measures included additional design 

elements, operational practices, and contingencies that reduce risk. The FMEA also identified areas 

where additional mitigations and contingencies, based on BAP for tailings management, could be 

implemented to minimize identified risks. Risk management measures identified in the FMEA focus on 

improvements to water management practices and contingencies as water is often a key factor in tailings 

dam failures.  

Step 6: Sensitivity Analysis 

A sensitivity analysis is then conducted to explore the influence of the weighting regime and identify 

potential areas of bias and subjectivity.  

Step 7: Documentation and Reporting 

In this step, the alternatives assessment process is summarized and the results are described. Input from 

communities, Indigenous groups, and other stakeholders is highlighted, and the sensitivity of the results is 

discussed. A thorough and transparent description of the process and results is a fundamental 

requirement of the ECCC Guidelines. 

3.3 Engagement 

This section provides an overview of engagement with Indigenous nations, government agencies, 

stakeholders and the public on the Assessment of Alternatives for the Blackwater Gold Project Tailings 

Storage Facility (ERM 2015a) and Evaluation of Alternative Tailings Technologies for the Blackwater 

Project (EATT; ERM 2015b) during the EA process and post issuance of the federal and provincial EA 

decisions. Engagement on the alternatives assessment reports is discussed in Section 3.3.1. Comments 

on the alternative assessments and New Gold’s comments are discussed in Section 3.3.2.  

3.3.1 Context 

During the EA review, New Gold (prior owner) engaged with Indigenous nations in accordance with the: 

 EIS Guidelines issued by the CEA Agency on February 19, 2013 (CEA Agency 2013); and  

 EAO’s Section 11 order3, and as amended, by the Section 13 orders.4,5,6 

                                                      
3 Part G (Consultation with Aboriginal Groups) and Schedule B of the July 9, 2013 Section 11 order issued pursuant to 2002 

Environmental Assessment Act. 

4 March 15, 2016 Section 13 order added Cheslatta Carrier Nation, Nee Tahi Buhn Band and Yekochee First Nation to Schedule C 

(notification of EA milestones). 

5 May 3, 2017 Section 13 order added NFN to a new Schedule D due to overlap from transmission line realignment. 

6 March 4, 2019 Section 13 order captures additional consultation and engagement with Indigenous groups on Schedule B and 

deeper engagement on Schedule D.  
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Throughout the EA process, EAO consulted LDN, UFN, NWFN, SFN, and StFN according to the deeper 

end of the consultation spectrum described in 2004 by the Supreme Court of Canada in Haida Nation v. 

British Columbia (Minister of Forests). After taking into account new information and revising the Section 11 

Order in May 2017 to add a Schedule D, the EAO also consulted with NFN at the deeper end of the 

Haida consultation spectrum on impacts posed by a transmission line re-route option, the access roads 

associated with that section of the transmission line, and the portion of the Kluskus FSR in the same 

area. The EAO consulted with STN, TNG, Nee-Tahi-Buhn (NTB), Cheslatta Carrier Nation and Yekooche 

First Nation at the lower end of the Haida consultation spectrum (EAO 2019).  

The CEA Agency consulted LDN and UFN at the deeper end of the Haida spectrum. The CEA Agency 

determined at the commencement of the EA process that it was appropriate to consult the NWFN, SFN, 

and StFN at the moderate level of the Haida consultation spectrum, based on information regarding 

potential impacts to rights available at the time. Following receipt of information outlining how their members 

exercise rights in areas potentially affected by the Project, specifically the area along the transmission 

line, the CEA Agency began consulting the CSFNs at the deeper end of the Haida consultation spectrum 

in January 2019. The CEA Agency consulted the Nazko First Nation, STN, Tsilhqot’in National Government 

(TNG), Métis Nation British Columbia (MNBC) and NTB at the lower end of the Haida spectrum and 

Nazko First Nation was consulted at a moderate depth (CEA Agency 2019).  

The EAO and CEA Agency worked collaboratively with LDN, UFN, and NWFN, SFN and StFN to assess 

the impacts and reach consensus on the Project impacts on LDN, UFN, NWFN, SFN and StFN Aboriginal 

title, rights and interests. The result of this collaboration is discussed in the CEA Agency and EAO 

Assessment Reports (CEA Agency 2019 and EAO 2019). 

LDN and UFN provided their consent to the issuance of an EA Certificate for the Project in letters 

provided to the EAO on October 9 and October 25, 2020, respectively. BW Gold has a Project 

Participation Agreement with UFN and LDN and is discussing agreements with other Indigenous nations.  

3.3.2 Government, Indigenous Nations and Public Engagement 

New Gold (prior owner) engaged with government agencies, Indigenous groups, local communities and 

the public on the tailings alternatives assessment during the pre-Application/EIS Stage. Government 

agencies, Indigenous nations and the public also had opportunities to review and provide feedback on the 

alternatives assessment during the review of the Project Application/EIS and subsequent to the issuance 

of federal and provincial EA decisions as summarized below.  

3.3.2.1 Pre-Application/Environmental Impact Statement Engagement 
on the Alternatives Assessments  

During the Pre-Application/EIS stage, information on the alternatives assessment was provided at 

open houses, community meetings and meetings with government agencies and Indigenous nations. 

Government agencies, Indigenous nations, and the public had an opportunity to comment on the draft 

2012 EIS Guidelines (and BC 2013 Application Information Requirements), which set out the information 

to be included in the Application/EIS. Engagement with government agencies and Indigenous groups 

during the pre-Application/EIS are summarized in Appendix D.  

New Gold (prior owner) engaged with government agencies and Indigenous nations during the 

preparation of the EATT (ERM 2015b). This included consultation on the identification of candidates and 

threshold criteria, “fatal flaw” screening criteria, high level risk assessment, multiple accounts and 

weightings, MAA, sensitivity analyses and overall results. Key meetings are summarized below. 
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June 11, 2015 

Meeting with EAO, CEA Agency, and Ministry of Environment (MOE) to seek feedback on New Gold’s 

proposed approach to respond to EAO’s March 19, 2015 letter requesting examination of alternative 

technology options to determine the BAT and the application of BAP for tailings management. Key points 

raised included: 

 Confirmed the tailings evaluation options being considered are all located in the Davidson Creek and 

Creek 661 watersheds, and the evaluation will consider different TSF configurations. New Gold’s 

approach is adapted from EC’s 2011 Guidelines and incorporates high level and detailed (FMEA) risk 

assessments.  The approach set out in EC’s guidelines incorporates multiple accounts analysis and 

provides for transparency as the rationale must be clearly presented as you advance through each 

step. New Gold’s approach also includes engagement with Aboriginal groups and relevant 

government agencies.    

 Anticipated the lake disposal option would not be carried forward in the assessment beyond 

pre-screening and into the MAA given public and Indigenous concerns related to use of a lake to 

store tailings and the anticipated difficulty in permitting the option. Confirmed the alternatives 

assessment will include rationale for excluding candidates will be documented. 

 Confirmed the risk assessments will consider the likelihood and consequences of potential failures of 

the TSF candidate (e.g., tailings dam breach, water collection system failure option). The detailed 

risk assessment (FMEA) will be used to fine tune the selected alternative to identify the BAP. ENV 

indicate agreement with this approach and noted it was the first systematic approach that ENV had 

reviewed to respond to EAO direction. 

June 12, 2015 

Meeting with EAO, CEA Agency and BC Ministry of Energy and Mines (MEM) to seek feedback on 

New Gold’s proposed approach to respond to EAO’s March 19, 2015 letter requesting examination of 

alternative technology options to determine the BAT and the application of BAP for tailings management. 

Key points raised included: 

 Confirmed the tailings evaluation options being considered are all located in the Davidson Creek and 

Creek 661 watersheds, and the evaluation will consider different TSF configurations. New Gold’s 

approach is adapted from EC’s 2011 Guidelines and incorporates high level and detailed (FMEA) risk 

assessments. The approach set out in EC’s guidelines incorporates multiple accounts analysis and 

provides for transparency as the rationale must be clearly presented as you advance through each 

step. New Gold’s approach also includes engagement with Aboriginal groups and relevant 

government agencies.  

 MEM and EAO commented the fatal flaws that will be used to pre-screen options must be clearly 

explained to ensure candidates are not eliminated prematurely. MEM agreed that options that are not 

technically or economically feasible should be screened out as the project would not be viable. 

 MEM recommended the geographic area be expanded to identify potential TSF sites in Step 1.  

 Confirmed that filtered tailings on land would be considered.  

 EAO recommended the Working Group (WG) be involved as the assessment as it is conducted. 

 Confirmed that reclamation and closure and long-term costs would be considered in the report, 

including costs identified by the Panel. 
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August 13, 2015 

Teleconference with the EAO WG: Participants included EAO, CEA Agency, EC, Natural Resource 

Canada (NRCan), Health Canada (HC), MEM, BC Major Mines Permitting Office (MMPO), BC Ministry 

of Forests, Lands and Natural Resource Operations (FLNRO), BC Ministry of Jobs, Tourism, Skills and 

Training, LDN, consultants for LDN and UFN, and NWFN, SFN and StFN, District of Vanderhoof, 

Regional District of Bulkley Nechako and District of Fort St. James. New Gold presented the overall 

approach to the alternatives assessment, including pre-screening results (refer to Appendix D.2 for 

a summary of comments raised at the meeting). New Gold confirmed that current use of lands and 

resources for traditional purposes is considered in the MAA and that geotechnical information is available 

for the candidates proceeding to the MAA. EAO highlighted the need to address social aspects in 

the high level risk assessment including possible removal of social criteria as they are considered in 

the pre-screening criteria.  

October 8 and 13, 2015 

Meetings with the EAO WG to discuss the alternatives assessment: Participation at the October 8, 2015 

WG meeting included EAO, CEA Agency, EC, HC, NRCan, MOE, FLNRO, MEM, MMPO, NWFN, SFN, 

consultants for LDN and UFN, the District of Vanderhoof. Participation at the October 13, 2015 meeting 

included EAO, MEM, FLNRO, CEA Agency, Ministry of Indigenous Relations and Reconciliation (BC MARR), 

NWFN, and District of Vanderhoof. New Gold provided the following conclusions: 

 A comprehensive, structured and transparent approach has been taken to respond to BC EAO 

March 19, 2015 and CEA Agency requests.  

 The approach considers technologies, locations and practices for tailings management. 

 The Davidson Creek valley location demonstrated significant benefits, and identified as best location. 

 PAG tailings and waste rock management, execution challenges and water balance are major factors 

in comparing tailing storage facility alternatives. 

 Thickened slurry tailings with submerged PAG waste rock is BAT for the Blackwater project. 

 The BAP were identified for Blackwater in the FMEA. 

 Enhanced water management practices (to improve physical stability and operations of the FS/EA 

option) have been identified and will be implemented.  

See Appendix D for a summary of comments raised at the August 13, and October 8 and 10, 2015 

WG meetings. 

3.3.2.2 Application/ Environmental Impact Statement Engagement 
on the Alternatives Assessment Reports  

During the Application/EIS review stage, New Gold (previous owner) participated in EAO WG meetings, 

attended public open houses and met with Indigenous nations, government agencies, local communities 

and the public to seek feedback on the Project, including mine waste management.  

During the Application/EIS review stage, government and Indigenous nations’ representatives had an 

opportunity to review and comment on the alternative assessment and participate in the EAO WG 

meetings. The public had an opportunity to comment on the alternatives assessments during an EAO 

public comment period from January 20, 2016 to February 19, 2016.  

Key meetings are summarized below. 
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February 12, 2016 

Teleconference with LDN and UN to discuss the TSF design and alternatives assessment. LDN and UFN 

provided the following comments: 

 Design has used generally accepted best practices for management of mine waste (particularly plan 

to place PAG tailings and rock underwater); 

 Geometry of the dam could be modified to be more robust; 

 Less water in TMF [TSF] would be preferred; 

 Seepage pathway through the dam (through rock) may not be characterized; 

 Tailings alternatives report was well done and supports conclusions/project design; and 

 Communicated that water treatment may need to be considered for the project. 

LDN and UFN requested a copy of the MAA spreadsheets and a TSF inundation study (Note: This study 

was completed and provided to EAO and WG during the Application/EIS review). 

June 7 and 8, 2017 

An EAO Water Quality WG meeting to discuss water quality, water treatment, tailings alternative 

assessments and fish offsetting plans: meeting participants included EAO, CEA Agency, MEM, ENV, 

FLNRO, Major Mines Permitting Office (MMPO), ECCC, DFO, LDN, UFN, NWFN, and consultants 

attending on behalf of LDN, UFN, NWFN, SFN, and StFN. Appendix D-2 provides the comments raised 

and New Gold responses during the meetings.  

To respond to the WG comments as a result of the EATT, New Gold made a number of changes to the 

Project design and incorporated additional project mitigation and contingency measures based on the 

EATT (Table 2 in EAO 2019; Appendix D). 

3.3.2.3 Engagement on the Alternatives Assessment Post Issuance of Federal and 
BC Environmental Assessment Decisions 

Since acquiring the Project in August 2020, BW Gold has continued to regularly engage with LDN, UFN, 

NWFN, SFN and StFN to provide updates on the Project, the 2020 PFS and permitting schedule, and to 

seek comments on draft permit applications (e.g., geotechnical investigations, heritage studies). As part 

of permitting discussion, BW Gold has provided UFN, LDN, NWFN, SFN and StFN with updates on the 

Project’s requirement for and plans to submit documents in support of the Schedule 2 amendment. 

On January 19, 2021, BW Gold met with LDN and UFN to discuss the Schedule 2 amendment and 

related fish compensation plan. BW Gold explained why a Schedule 2 amendment was required and 

described the proposed plan to compensate impacts to fish and fish habitat from the deposition of mine 

waste into Davidson Creek. 

3.3.3 Summary of Government and Indigenous Comments on the Alternatives 
Assessments during the Application/EIS Review Stage  

Comments and issues raised by Indigenous nations during the EA process and the former proponent’s 

responses are documented in Aboriginal and Public Consultation reports submitted to the EAO and 

summarized in the Canadian Environmental Assessment Agency (CEA Agency) and EAO Assessment 

reports (CEA Agency 2019; EAO 2019).  
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Appendix D summarizes comments submitted by LDN, UFN, NWFN, SFN, StFN, and ECCC on the EATT 

and New Gold’s responses. Comments on the EATT in the EAO Assessment Report are provided below:  

 LDN, UFN, NWFN, SFN, and StFN concluded that overall the tailings alternative assessment “appears 

biased in favor of the original design for tailings and waste rock management, a conventional water-

retaining dam. This bias may simply over-emphasize the original Candidate option, or it may obscure 

a better tailings technology for the proposed Blackwater Mine…”  

 The LDN, UFN, NWFN, SFN, and StFN further commented that they were not able to conclude that it 

was “a fair assessment of Candidates based on direction provided in the EAO (2015) directive, nor 

that the ultimate Candidate selected is an appropriate BAT for the Mine.” 

 New Gold provided additional information on the tailings alternative methods, and EMPR and ECCC 

WG reviewers were satisfied that the TAA was conducted appropriately. 

 However, LDN and UFN continued to request an independent assessment. Because the main 

concerns of the LDN, UFN, NWFN, SFN, and StFN related to the choice of a tailings management 

system that allows for the storage of excess water on-site, the EAO concluded that these concerns 

could best be addressed by including a certificate condition related to the volume of water that would 

be stored in the TSF, and subsequent permitting processes. 

Appendix D summarizes ECCC comments on EATT including the use of value scales, and the addition of 

the dry stack tailings to the candidate list. 
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4. PROJECT SETTING 

4.1 Physical Environment 

The mine site is located on the Nechako Plateau along the northern flanks of Mount Davidson. The 

Nechako Plateau topographic landscape consists of moderate relief mountains with wide, gently sloping 

glacial valleys. Topographic features are largely associated with glacial deposition and erosion and 

include flutings, parallel ridges, eskers, melt water channels, and localized moraines. The elevation of 

the Blackwater property ranges from just over 1,000 m in low-lying areas northeast of the mine site to 

1,800 m at the summit of Mount Davidson, the highest peak in the Fawnie Range. The Project area spans 

two ecoregions, the Fraser Plateau and Fraser Basin; and three ecosections, the Nazko Upland, Bulkley 

Basin and Nechako Lowland (AMEC 2012a).  

4.1.1 Geology and Topography 

Local topographic and geological factors considered for conventional TSF and waste rock facility siting 

and technology are bedrock type and condition, overburden type and depth, slope characteristics, and 

valley geometry. Bedrock and overburden affect dam foundation conditions, associated earthquake risks, 

and potential seepage. Steepness of slopes and valley geometry affect containment dam construction, 

and magnify the risks of local geohazards such as debris chutes, rock falls, avalanches, and landslides. 

The Project is located on the northern flanks of Mount Davidson within the Nechako Plateau of the Interior 

Plateau physiographic region. The topographic form of the region is controlled by volcanic uplift of 

bedrock and subsequent erosion by glacial ice during the last glaciations (Diakow and Levson 1997). 

The Nechako Plateau topographic landscape is generally described as moderate relief mountains 

intersected by wide, gently sloping glacial valleys. Topographic features are largely associated with 

glacial deposition and erosion and include flutings, parallel ridges, eskers, meltwater channels, and 

localized moraines. 

The local topography is moderately steep to steep and has been shaped by glacial erosion. Average 

elevations vary from approximately 1,200 masl to approximately 1,900 masl, with the Project area located 

on one of the higher points in the region, reaching approximately 1,860 masl (Figure 4.1-1).  

The Project area’s regional geology is defined by the uplifted Nechako block. The Nechako Uplift 

juxtaposes older Jurassic arc-related rocks of the Hazelton and Bowser Lake groups with younger 

Eocene extensional-related rocks of the Ootsa Lake and Endako groups. The Nechako uplift is a 

structurally raised block bounded to the north and south by two faults, which provides a window through 

younger cover rocks into older rocks. Quaternary glacial overburden, colluvial, and fluvial deposits mask 

the majority of bedrock within the Project mine site. 

The Project area is underlain by the “Blackwater wedge,” a laterally discontinuous wedge of intercalated 

volcanic and volcaniclastic felsic to intermediate lapilli and ash tuff, volcanic breccias, and andesitic flows. 

The Blackwater deposit has characteristics of a low sulphidation epithermal gold-silver deposit. 

Mineralization occurs in volcanic rocks of Late Cretaceous age emplaced through and on Hazelton Group 

strata. Gold grains are between 5 and 50 microns in size and are mainly associated with sulphide 

minerals (AMEC 2011). 

The surficial sediments in the Project area consist of Quaternary and Holocene deposits, with localized 

areas of bedrock outcroppings near the flanks and peak of Mount Davidson. Morainal, glaciofluvial, and 

glaciolacustrine deposits are Quaternary in age, with deposition associated with the last glacial period. 

Holocene sediments include materials that were deposited since the end of glaciation to the present, and 

include fluvial, colluvial, eolian, and organic (peat) deposits (AMEC 2013h). The thickness of the till in the 

Project area is described as till blankets (bedrock controlled but masking bedrock outcrops) along the 
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lower mountain slope positions, and till veneers, of variable thickness and generally less than 1 m, over 

higher elevations. On steeper slopes, colluvial deposits are identified. These deposits are generally 

derived from local till or bedrock outcrop sources (Plouffe, Levson, and Mate 2004). The sediments tend 

to occur in the valley bottom locations where glacial meltwater flowed throughout deglaciation. Localized 

occurrences of modern sediments, including fluvial and organic deposits, also occur in the Project area. 

The Project is located in an area of low seismic activity (the southern Cordillera seismic region), with the 

closest major fault line (the Queen Charlotte fault system) approximately 500 km to the west along the 

west coast of Haida Gwaii (Knight Piésold 2014a). The results of a site-specific seismic hazard 

assessment indicate a range of Peak Ground Acceleration (PGA) for various return periods at the Project 

area. The assessment shows that the 10,000-year return period mean PGA of 0.11g could be associated 

either with a randomly located earthquake of magnitude 8.5 along the Queen Charlotte fault system or a 

magnitude 7.5 earthquake along the BC coast (approximately 300 km west of the Project area). The 

largest earthquake recorded in the southern Cordillera region was an event of about magnitude 6.0 in 

1918, located in the Valemount area of the Rocky Mountain trench. More recently, a magnitude 5.4 

earthquake occurred near Prince George in 1986 (New Gold 2014). 

4.1.2 Surface Water 

Activities associated with the construction, operation, and closure of tailings and waste rock storage 

facilities can alter surface water hydrology and quality with consequent effects on hydrological features 

(e.g., streams, lakes and wetlands) as well as terrestrial and aquatic species and habitat. The natural 

hydrological regime of a TSF’s catchment affects the safe construction, operation and closure of the 

facility. Surface water factors such as catchment size, precipitation, and runoff affect the water flows in 

and out of a TSF site, influencing water quality, surplus water, and flood risks. These effects are key 

parameters for consideration in the tailings and waste rock management alternatives assessment. 

The Project area is located entirely within the Nechako sub-basin north of the Euchiniko Lake watershed 

of the Blackwater sub-basin. Both the Nechako and the Blackwater sub-basins are part of the greater 

Fraser River Basin, with relevant regional catchment areas provided in Figure 4.1-2 (New Gold 2012). 

The surface hydrology of the Project area includes the Turtle Creek, Davidson Creek, Creek 661, 

Creek 705, and Chedakuz watersheds. The Chedakuz Creek basin, in turn, drains toward the northwest 

via the Nechako River system into the Nechako Reservoir, which was created by the construction of the 

Kenney Dam in 1952. The Davidson Creek valley is incised locally and flows northeast from the site 

toward Chedakuz Creek downstream of Tatelkuz Lake. The Blackwater deposit lies within the upper 

reaches of the Davidson Creek catchment area. The terrain within this footprint is predominantly gently 

inclined, except along the incised portions of Davidson Creek. Creek 661 flows northeast from the project 

site into Chedakuz Creek upstream of Tatelkuz Lake (Knight Piésold 2013a). 

An unnamed catchment drains Snake Lake, which is located between the Davidson Creek and Creek 661 

catchments. This area drains directly to Tatelkuz Lake. Chedakuz Creek drains Tatelkuz Lake before its 

confluence with Davidson Creek approximately 800 m downstream of the lake. Chedakuz Creek flows 

northwest passing under a bridge at the Kluskus FSR approximately 2 km downstream from the Lake. 

Turtle Creek, located to the north of Davidson Creek, drains another undisturbed catchment running 

parallel to Davidson Creek towards Chedakuz Creek. Turtle Creek flows closely to Davidson Creek near 

the base, before flowing north under the Kluskus FSR to its confluence with Chedakuz Creek downstream 

of the Kluskus FSR. Chedakuz Creek flows northwest from this point for approximately 25 km to the 

Nechako Reservoir.  
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Matthews Creek and Creek 705 both flow west of the deposit area and combine with westward flowing 

Fawnie Creek to form a second predominant surface water flow pattern in the region. Fawnie Creek flows 

towards Laidman Lake and Johnny Lake, into Entiako Provincial Park, and ultimately forming a portion of 

the flow of the Entiako River into the Nechako Reservoir. 

South of the deposit area lies the catchment divide for the Blackwater River, which constitutes the third 

major surface water flow pattern in the region. The Blackwater River is a tributary of the Fraser River and 

flows generally north-eastward across the Fraser Plateau in the Chilcotin region of central British Columbia. 

Its confluence with the Fraser River is approximately 40 km northwest of Quesnel and it forms the division 

between the Chilcotin Plateau and the Nechako Plateau, which are subdivisions of the Fraser Plateau. 

The river is of significant historical importance to First Nations and Canadian history. The Blackwater River 

has been designated as a heritage river by the government of British Columbia Ministry of Environment 

(BC MOE 2010). 

Hydrological data were initially collected within the Project area from the spring of 2011 through the winter of 

2013 and continued into 2020 with 12 hydrology stations that are active in the Project area (Knight Piésold 

2013a, 2021a). Details of the baseline hydrology studies for the Project are provided in Knight Piésold 

(2018a,b; 2021a). The Project hydrometric monitoring stations are shown in Figure 4.1-3. The long-term 

records are used to define the hydrological inputs required for water management and engineering design 

and to facilitate the assessment of long-term hydrologic impacts due to mine operations. 

Streams in the area are generally characterized by high flows in late spring and early summer due to rain 

and snowmelt, and low flows in the winter. The baseline data suggests that higher elevation stations and 

smaller catchments tend to experience higher runoff during spring high flows (Knight Piésold 2021a). 

Runoff attenuation at stations directly downstream of a lake are related to the storage capacity of 

the upstream lake. 

Surface water quality monitoring within the Project area was initiated in 2011 in support of the 

Application/EIS and is ongoing, to provide baseline water quality prior to the Project development 

(AMEC 2013d; ERM 2020). Water quality results from samples collected from streams and rivers suggest 

that waters have neutral to low alkalinity, low hardness, low total dissolved solids, and low concentration 

of nitrogen species; however, these constituents tend to increase during low flow periods. Total 

suspended solids and turbidity were generally low, except during periods of increased runoff in freshet 

and during fall. Mean metal concentrations were low, typically one to several orders below guidelines 

(BC and Canadian Council of Ministers Environment Water Quality Guidelines). However, some 

exceedances of provincial and/or federal water quality guidelines were observed as a result of natural 

environmental conditions, with exceedances most frequently observed in the upper Creek 661 and 

Davidson Creek watersheds, proximal to the mineralized deposit area. Total and dissolved aluminum, 

total cadmium, total chromium, total and dissolved copper, and total and dissolved zinc guideline 

exceedances were observed in all Project area watersheds. Other parameters observed above guidelines 

were nitrite, total arsenic, dissolved cadmium, total and dissolved iron, total mercury, and total silver 

(ERM 2020).  

4.1.3 Groundwater 

Activities associated with construction, operation, and closure of tailings and waste rock facilities can alter 

groundwater flows and water quality with consequent effects on hydrological features (e.g., streams, 

lakes and wetlands) as well as terrestrial and aquatic species and habitat. These effects are key 

parameters for consideration in the tailings and waste rock management alternatives assessment. 

The groundwater baseline program is based on 130 boreholes as part of geotechnical, geomechanical 

and hydrogeological site investigations. The groundwater program includes measurements of hydraulic 
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head from a minimum of 26 monitoring wells (at 13 locations), 24 vibrating wire piezometers, 4 test wells, 

1 pumping well and baseflows at 11 locations. 

Understanding of the groundwater site conditions is based on investigations that began in mid-2012 

(Knight Piésold 2013a), and have continued since then to the present day (Knight Piésold 2020). 

Typically, the groundwater table in the Project area exhibits a muted form of topography (Section 4.1.1) 

and is recharged from surface infiltration (New Gold 2012). Groundwater levels vary greatly across the 

Project area and range from surface level to 36 m below ground surface (m bgs). The majority (20 of 26) of 

initial groundwater levels measured were shallower than 18 m bgs (Knight Piésold 2013a). Groundwater 

flows from higher elevations to lower-lying areas where it discharges to streams and small wetland areas 

(New Gold 2012). 

The Project’s deposit area is situated on a groundwater subcatchment divide and near the upper reaches 

of Davidson Creek and Creek 661 catchments. In the western portion of the deposit area, groundwater 

flows downslope towards the Davidson Creek catchment. Groundwater from the eastern portion of the 

deposit area flows downslope towards the northeast in the Creek 661 subcatchment. Seasonal variation 

in groundwater levels is expected given the climate conditions in the area with groundwater levels highest 

during periods of snowmelt (New Gold 2012). 

Groundwater quality samples were collected from 13 sets of wells. The wells were strategically placed to 

provide baseline results up-gradient of the mine site as well as from downstream for capturing potential 

future mine activity–impacted groundwater (AMEC 2013e; Knight Piésold 2020). 

Most of the analytical results show typical groundwater quality with no anomalies regarding potential 

groundwater effects. Except for measured concentrations of aluminum, lead, arsenic, iron, and 

manganese, the measured substance concentrations in the groundwater baseline samples did not 

exceed the BC MOE water quality guidelines at the time of reporting (AMEC 2013c, 2013d; 

Knight Piésold 2020). 

Groundwater pH values range between pH 6.4 and pH 8.9 with an average pH 7.8. Groundwater from 

the Project area ranges from soft to hard (hardness ranges between 13 and 167 mg/L; average 77 mg/L 

as calcium carbonate) and has a wide ranging total alkalinity (20 to 206 mg/L; average 87 mg/L as 

calcium carbonate; AMEC 2013d; Knight Piésold 2020). 

4.1.4 Geochemistry 

Activities associated with the TSF construction, operation, and closure can alter geochemistry and water 

quality with consequent effects on terrestrial and aquatic species and habitat. TSF construction materials 

as well as the tailings and waste rock stored in the impoundment may be potential sources of ML/ARD to 

the receiving environment. These effects are key parameters for consideration in the TSF alternatives 

assessment. 

4.1.4.1 Geology 

The Blackwater Project site is located on the northern flank of Mount Davidson within the uplifted 

Nechako block. In the region the Hazelton Group is overlain by the Bowser Lake Group and both groups 

are intruded by late Cretaceous felsic plutons. The two groups and felsic pluton are overlain by Eocene 

Ootsa Lake and Endako groups and the entire package is capped by Chilcotin Group basalts. There is 

very low potential for carbonate units in the region and the majority of the host rock is a laterally 

discontinuous wedge of intercalated volcanic and volcaniclastic felsic to intermediate lapilli and ash tuffs 

with volcanic breccias and andesitic flows.  
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4.1.4.2 Characterization Program 

Geochemical sampling was conducted from 2011 to 2013. The program design incorporated existing 

assay rejects, drill core from 2009 to current drilling, surface grab samples, and from metallurgical testing 

programs (AMEC 2014; Artemis 2020; Table 4.1-1). 

Acid potential (AP) was calculated from the measured total sulphur value, neutralization potential (NP) 

was measured using the modified Sobek method, and the net potential ratio (NPR) was calculated as 

the ratio of NP to AP (AMEC 2014). 

Table 4.1-1: Summary of Characterization Program 

Test Waste Rock 1 Ore 1 Tailings 2 Overburden 3 

Static Tests 

Acid Base Accounting 945 72 18 95 

Exploration ICP Database ≈285,000 ≈70,000 - - 

Multi-element Chemistry 672 87 18 95 

Mineralogy/Petrography 32 48 - 2 

Shake Flask Extraction 58 8 5 14 

Net Acid Generation Test 587 36 8 29 

NAG Leachate 78 7 5 5 

Kinetic Tests 

Humidity Cells 20 2 5 - 

Modified Humidity Cells 3 1 - - 

Saturated Columns 2 - - - 

Kinetic Field Bins 6 2 - - 

Project-specific Tests 

Oxygen Consumption 1 - - - 

Acid Buffering Characteristic Curve 12 - - - 

Sequential NAG 4 - - - 

Kinetic NAG 6 - - - 

Humidity Cell pH Neutralization 5 1 - - 

Sequential Extraction 10 - - - 

Adsorption Experiments 6 - - - 

Scanning Electron and Optical Microscopy 5 - 2 - 

SO2 Air/Cyanide Destruction - - 23 - 

1 Samples of waste rock and ore include 10 m composites. 
2 Tailings samples were obtained from metallurgical testing.  
3 Overburden samples were selected from core and test pits. 

4.1.4.3 Waste Rock 

AMEC (2014) identified five classes of waste rock based on NPR and zinc content (Table 4.1-2). 
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Table 4.1-2: Acid Rock Classification of Project Samples 

Classification NPR Metal Content 

PAG 1 NPR ≤ 1.0 - 

PAG 2 NPR > 1.0 and ≤ 2.0 - 

NAG 3 NPR > 2.0 zinc ≥ 1,000 ppm 

NAG 4 NPR > 2.0 zinc < 1,000 and ≥ 600 ppm 

NAG 5 NPR > 2.0 zinc < 600 ppm 

Notes: PAG = potentially acid generating; NAG = non-acid generation; NPR = neutralization potential ratio;  
ppm = parts per million 

Sulphide mineral phases identified in waste rock samples included pyrite or pyrrhotite (0.3 to 4.0%) and 

sphalerite (0.1 to 0.8%). Carbonate mineral phases were reported, with calcite and siderite reported as 

the most frequently occurring mineral phases; calcite abundances ranged from 0.7 to 3.3%. AMEC (2014) 

reported that siderite was found only in the PAG1, PAG2, and NAG samples, while calcite was more 

commonly found in the NAG4 and NAG5 samples. The median NPR values of the five waste rock 

classifications according to the ARD block model were: PAG1 NPR = 0.22, PAG2 NPR = 1.4,  

NAG3 NPR = 3.9, NAG4 NPR = 5.5, and NAG5 NPR = 7.4.  

The ML potential of the waste rock samples was assessed through elemental content, NAG test leachate 

analyses, and shake flask extractions (SFE). The elemental content indicated that Ag, As, Bi, Cd, and P 

were elevated and had a positive correlation with sulphide sulphur. The 77 NAG test leachate analyses 

indicated that the majority of samples had elevated parameters including Ag, Al, Cd, Co, Cu, Pb, and Zn. 

SFE leachate concentrations indicate the potential for elevated Al, Cd and Zn. 

4.1.4.4 Ore and Tailings 

The Blackwater deposit is an example of an intermediate sulphidation epithermal-style gold-silver deposit. 

Mineralization is hosted within felsic to intermediate composition volcanic rocks that have undergone 

extensive silicification and hydrofracturing in association with pervasive stockwork veined and 

disseminated sulphide mineralization. 

Mineralization is strongly controlled by northwest-southeast-trending structures characterized by zones 

of tectonic brecciation and chloritic gouge. A major north-south-trending fault dissects the orebody and 

east–northeast-trending faults along UTM easting 375600E. This fault represents a well-defined 

disruption in lithology, alteration, and mineralization patterns and was used to subdivide the resource 

block model into two structural domains, one to the east of it and one to the west. 

The alteration minerals most commonly identified included muscovite, high- and low temperature illite, 

ammonium-bearing illite, smectite, silica, biotite, and chlorite.  

Gold-silver mineralization is associated with a variable assemblage of pyrite- sphalerite- Marcasite-

pyrrhotite ± chalcopyrite ± galena ± arsenopyrite (± stibnite ± tetrahedrite ± bismuthinite). 

In general, all rocks at Blackwater are mineralized, with trace pyrite–pyrrhotite–sphalerite in outboard 

andesite flows and volcaniclastics, or as gold-bearing polymetallic sulphide mineralization within the 

fragmental felsic unit of the deposit. The only exceptions are Eocene dacite porphyry dykes intersected 

along the southern and northwestern part of the drilling grid, and amygdaloid mafic intermediate flows 

in the northern part of the grid, possibly related to the Eocene Ootsa Group.  

Laboratory testing has been conducted to determine the geotechnical and physical characteristics of the 

tailings. The material can be described as non-plastic sandy-silt with trace clay. The particle size distribution 

of the tailings sample was approximately 44% fine sand, 46% silt, and 10% clay (Artemis 2020). 
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The ML potential of the tailings material was assessed through solid phase elemental content and SFE. 

Elemental content suggested elevated concentrations of: Ag, As, Bi, Cd, P, Pb, S, Sb, and Zn in the 

transition and sulphide tailings samples. The whole ore leach transition and sulphide tailings had elevated 

As, Cd, and Zn in the solid phase. The results of the SFE analyses on the whole ore leach transition and 

sulphide tailings indicate elevated potential for ML of Cd, Co, Mn, and Zn, although the detection limits of 

some parameters were above screening criteria. The leachate from the NAG leach tests typically had 

elevated As, Cr, and Tl. Humidity cell results suggest that the lag time to the onset of ARD for some 

transition and sulphide tailings could be less than one year (based on lab conditions) with a longer period 

expected in the field if the tailings were left exposed (New Gold 2015, Section 5). 

4.1.4.5 Overburden 

The AP and NP values for overburden samples was low (0.31 to 20.2 and 1 to 127 kg CaCO3/t, 

respectively). Calculated NPR values were greater then 2.0 for 95% of overburden samples indicating 

that overburden was non-PAG (AMEC 2014).  

The metal content of overburden samples indicated elevated Bi, Cd, Pb, Sb, Se, and Zn, while the SFE 

results indicated elevated Al, Cd and Fe.  

4.1.5 Climate 

Climate consists of the long-term statistical trends of temperature, precipitation, humidity, atmospheric 

pressure, wind, atmospheric particle count, and other meteorological elements in a given region. Climate 

conditions, particularly precipitation events (e.g., 1:200 year recurrence), contribute strongly to TSF 

design for safe construction, operation, and closure. The siting of a TSF with respect to the prevailing 

wind direction can also influence air quality through fugitive dust emissions.  

The climate in the Project area is sub-continental, characterized by brief warm summers and long cold 

winters resulting from the influence of cold Arctic air. 

Climate data have been collected from two meteorological stations at the Project site since early 2011 

(Knight Piésold 2021b). Climate stations were established at elevations of 1,470 metres above sea level 

(masl; Blackwater High) and 1,050 masl (Blackwater Low). The meteorological data recorded at each of 

the stations for the period of record can be summarized as follows (Knight Piésold 2021b): 

 The mean annual temperature is estimated to be 3.5°C at the Blackwater Low station and 2.2°C at 

the Blackwater High station. A minimum temperature of -37.5°C has been recorded at the Blackwater 

Low site (in January) and maximum temperature of 32.8°C was recorded in July at the Blackwater 

Low site. 

 The mean annual precipitation is estimated to be 506 mm (Blackwater Low) and 617 mm (Blackwater 

High). Precipitation is fairly evenly distributed throughout the year at both sites, with mean monthly 

values ranging from a low of 29 mm in March to a high of 63 mm in June at the Blackwater Low 

station. Mean monthly precipitation values ranged from a low of 37 mm in August to a high of 75 mm 

in June at the Blackwater High station. 

 The monthly mean relative humidity at the Blackwater High station ranged between 54% (August) 

and 88% (October) with the annual mean at 70%. The monthly mean relative humidity at the 

Blackwater Low station was generally lower than the Blackwater High station and ranged between 

44% (August) and 80% (October) with the annual mean at 63%. 

 The mean annual wind speed at the Blackwater Low station is approximately 2.2 m/s (7.9 km/h), with 

the wind direction being predominantly from the west and southwest. Strong southeast winds were 

also evident in the fall and winter at the Blackwater Low station. At the Blackwater High station the 
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wind direction is predominately from the west with strong southwest gusts during the fall and winter. 

The mean annual wind speed at the Blackwater Low station is approximately 3.0 m/s (10.8 km/h). 

Prior to the Application/EIS submission, a review of long-term climate7 and streamflow8 records indicated 

no notable climate change effects on climatic or hydrologic conditions near the Project, with the exception 

of possibly decreasing peak annual flows (Knight Piésold 2013b). 

4.1.6 Air Quality 

Activities associated with construction, operation, and closure of tailings and waste rock storage facilities 

can alter air quality with consequent effects on wildlife and surrounding ecosystems. These effects are 

important parameters for consideration in the alternatives assessment.  

Availability of reliable, public domain air quality data covering remote areas of central and northern BC 

allows the determination of the most likely baseline concentrations of relevant air contaminants near 

the Project. 

Several databases were identified and analyzed using such references as the number of monitored 

criteria air contaminants (CACs), instrumentation, location, the monitoring period, and the relevance to 

the Project with respect to level of development (AMEC 2013b). The final selection was narrowed to the 

following four data sources (AMEC 2013b): 

 Canadian Air and Precipitation Monitoring Network (CAPMoN); 

 National Air Pollution Surveillance Program (NAPS); 

 BC MOE Monitoring Network; and 

 On-site Blackwater particulate monitoring. 

Based on relevant data available at the above sources, values of the background concentrations for 

the Project site for relevant contaminants are presented in Table 4.1-3 (AMEC 2013b). As the Project is 

located in a remote area with no existing anthropogenic emission sources, the background concentrations 

are low; however, total suspended particulates, particulate matter (PM10), and PM2.5 concentrations 

exceed ambient air quality objectives. CACs emissions are predicted to increase compared to 

background levels during Project construction and operation as a result of machinery and equipment use 

(combustion), vehicle travel, and materials handling. Details of the air quality baseline and modelling 

studies are provided in AMEC (2014a,b). 

Table 4.1-3: Background Concentrations for Criteria Air Contaminants 

Source Concentration 

Particulate matter 2.5 μm diameter (PM2.5) 4 μg/m3 

Particulate matter 10 μm diameter (PM10) 9 μg/m3 

Nitrogen dioxide (NO2) 8 μg/m3 

Sulphur dioxide (SO2) 1 μg/m3 

Ozone (O3) 48 μg/m3 

Carbon monoxide (CO) 120 μg/m3 

                                                      
7 Ootsa climate station operated by Environment Canada has the longest climate record available in the region (46 years of 

complete data). This dataset was used to analyze long-term regional climate trends applicable to the Project area. 

8 Data reviewed from flow records for the Dean River (1973 to 2010) and Van Tine Creek (1975 to 2005). 
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4.2 Biological Environment 

4.2.1 Vegetation 

The construction and operation of tailings and waste rock storage facilities may affect ecosystems 

through direct loss or degradation. In particular, the loss of rare and endangered ecosystems and the 

presence of rare and endangered plants are significant factors that are considered in the candidate 

alternative selection process. 

Vegetation baseline surveying was conducted over a period of three years, from July 2011 to July 2013. 

These surveys included three terrestrial ecosystem mapping studies and four species at risk surveys (AMEC 

2013a). Details of the vegetation baseline studies are provided in AMEC (2013e) and ERM (2017a,b). 

The Project area spans two ecoregions, the Fraser Plateau and Fraser Basin; and three ecosections, 

the Nazko Upland, Bulkley Basin, and Nechako Lowland. There are four biogeoclimatic variants within the 

Project vegetation mine site local study area (VLSA; Figure 4.2-1), presented in Table 4.2-1 (AMEC 2013h). 

Table 4.2-1: Biogeoclimatic Variants Identified within the Project Vegetation Local 

Study Area 

Biogeoclimactic 

Code 

Biogeoclimactic Unit General Description Elevation 

(masl) 

SBSmc2 Sub-Boreal Spruce Moist Cold 

Babine variant 

Low elevation interior forests 

and wetlands 

900 to 1,250 m 

SBSmc3 Sub-Boreal Spruce 

Moist Cold Kluskus variant 

Low elevation interior forests 

and wetlands 

975 to 1,300 m 

ESSFmv1 Engelmann Spruce – Subalpine Fir 

Moist Very Cold Nechako variant 

High elevation interior forest 

and wetlands 

1,300 to 1,620 m 

ESSFmvp Engelmann Spruce – Subalpine Fir 

Moist Very Cold Nechako Parkland 

variant 

High elevation subalpine 

parkland; rolling landscape 

tree islands interspersed with 

herbaceous meadows 

1,620 to 1,660 m 

(cool aspect); 

1,660 to 1,800 m 

(warm aspect) 

Sensitive ecosystems in the Project area include riparian, old growth forest, and sparsely vegetated 

areas. Wetlands classes in the Project area include: wet bogs, fen wetlands, marsh wetlands, swamp 

wetlands, shallow waters, and ponds. The wetland hydrological functions include: larger wetlands that 

typically occupy flat areas that are part of historical or small lake / flood plain bottoms with little 

groundwater input. Linked basins and linked hollows that receive water from uplands and inflow from 

streams, with the excess water flowing onto other water ways. Details of the vegetation baseline studies 

are provided in AMEC (2013e) and ERM (2017b, c).  

The majority of the Project mine site consists of sub-boreal spruce, Engelmann spruce, and subalpine fir, 

although there are also areas containing Lodgepole pine that have been severely affected by Mountain 

pine beetle and have been subject to accelerated salvage logging. The ore deposit is located on the north 

face of Mount Davidson, the tallest peak in the Fawnie Range. At these higher elevations, forestry activity 

is limited and Mountain pine beetle infestation is less predominant.  

There is 341 ha of whitebark pine (Pinus albicaulis) in the Project area, which is listed as endangered on 

Schedule 1 of the Species at Risk Act (2002a; Figure 4.2-1). This species occurs in dry high elevation 

sites, such as Boreal Alta-Fescue Alpine habitats on Mount Davidson. BW Gold has been restoring 

whitebark pine habitat and planting whitebark pine and will continue to actively manage whitebark pine 

during the Project construction and operation. 
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One additional plant species of conservation concern was documented within the mine site VLSA: meesia 

moss (Meesia longiseta) and is found in wetlands (AMEC 2013e; Figure 4.2-1). Meesia longiseta is 

identified as Blue-listed in BC (BC Conservation Data Centre [BC CDC] 2020). No red- or blue-listed 

ecosystems were identified in the mine site during the EA baseline studies. Rare plant surveys did not 

identify any rare plants. 

4.2.2 Terrestrial Wildlife and Habitat 

Terrestrial wildlife are characterized and considered in the tailings and waste management alternatives 

assessment process. In particular, the loss of rare and endangered ecosystems and the presence of 

rare and endangered wildlife are significant factors that are considered in the candidate alternative 

selection process. 

Wildlife field surveys were conducted within the terrestrial ecology local study area (TELSA) and 

terrestrial ecology regional study area (TERSA; Figure 4.2-2) according to Resources Information 

Standards Committee (RISC) protocols. Targeted studies for songbirds, diurnal and nocturnal raptors, 

waterbirds, common nighthawks (Chordeiles minor), sharp-tailed grouse (Tympanuchus phasianellus 

columbianus), pond-breeding amphibians, ungulates, furbearers, bats, butterflies, and dragonflies were 

undertaken in 2011 and 2012 (AMEC 2013j). Details of the wildlife and wildlife habitat baseline studies 

are provided in AMEC (2013f) and ERM (2017c). 

Federal species-at-risk, provincial blue- and red-listed species and at-risk ecosystems were identified 

from previous baseline studies (AMEC 2013a; AMEC 2013b; AMEC 2014), and provincial and federal 

statuses were updated (BC CDC 2020; Government of Canada 2019; Table 4.2-2). A total of 11 wildlife 

species of conservation concern, and one plant species of conservation concern have been observed 

within the mine site. 

Note that while Northern Goshawk laingi (Accipter gentilis langii) subspecies is red-listed in BC, and 

a Species at Risk Act (2002a) and COSEWIC, this subspecies does not occur in the Project area. 

The Northern Goshawk laingi subspecies is found west of the Coast Mountains and would not occur 

further east of Terrace, BC. The wildlife baseline report provided in Appendix 5.1.3.4A of the 

Application/EIS states in Section 3.4.2.5 Raptors that with respect to the mine site LSA “The most 

frequently detected raptor was the red-tailed hawk (Buteo jamaicensis), followed by the northern 

goshawk”. This statement refers to the atricapillus subspecies, which is blue-listed in BC and not 

considered a species of concern under Species at Risk Act (2002a) or COSEWIC. 

4.2.3 Aquatic Life and Habitat 

Activities associated with construction, operation, and closure of the tailings and waste rock facilities can 

cause alterations in the water chemistry, water quality, and hydrology of streams and lakes. This is in 

addition to the loss of instream aquatic habitat and riparian habitat. In turn, these changes can impact fish 

and other aquatic organisms, including the aquatic food web resources upon which fish depend for 

growth and reproduction (Vander Zanden and Vadeboncoeur 2002).  

A potential environmental hazards caused by deposition of mine waste involve effects arising from one or 

more of the following sources: metals and other trace elements leaching from tailings and waste rock; 

residual chemicals remaining from the ore extraction process; and/or waterbody acidification resulting 

from the oxidation of exposed sulfide minerals (Scott and Sloman 2004; Di Giulio and Hinton 2008; 

Besser and Rabeni 1987; Lottermoser 2010). Given the potential environmental consequences, mitigating 

these possible effects of mine tailings on fish, fish habitat, and other aquatic resources are primary 

considerations in the evaluation of the tailings and waste rock management alternatives.   
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Figure 4.2-1: Vegetation Local and Regional Study Areas and Locations of Identified Species of Conservation Concern
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Table 4.2-2: Terrestrial Species of Conservation Concern Recorded within the Project Mine Site Terrestrial Ecology 

Local and Regional Study Areas 

Group/Association English Name Scientific Name BC Listing1 COSEWIC2 Species at Risk Act3 

Amphibian Western toad Anaxyrus boreas Yellow  Special Concern (2012) Special Concern (2018) 

Forest and Grassland Birds Barn swallow Hirundo rustica Blue Threatened (2011) Threatened (2017) 

Common nighthawk Chordeiles minor Yellow  Special concern Threatened (2010) 

Olive sided flycatcher Contopus cooperi Blue Special concern Threatened (2010) 

Raptors Northern goshawk  Accipter gentilis atricapillus Blue Not at risk Not listed 

Mammals Little brown myotis Myotis lucifugus Yellow Endangered (2013) Endangered (2014) 

Northern myotis Myotis septentrionalis Blue Endangered (2013) Endangered (2014) 

Mountain caribou Rangifer tarandus Blue Special Concern (2003) Threatened (2014) 

Grizzly bear Ursus arctos Blue Special Concern (2012) Special Concern (2018) 

Invertebrate Assiniboine skipper Hesperia assiniboia Red - - 

Jutta Arctic Oeneis jutta chermocki Blue - - 

Terrestrial plants Whitebark pine Pinus albicaulis Blue Endangered Endangered 

Notes:  

COSEWIC = Committee on the Status of Endangered Wildlife in Canada; Provincial = BC provincially listed species. 
1 BC List Status: Red = Extirpated, Endangered, or Threatened; Blue = Special Concern; Yellow = Not At Risk. BC Rank and Global Rank also found on the 
BC Conservation Data Centre (BC CDC 2020).  
2 Committee on the Status of Endangered Wildlife In Canada (COSEWIC 2019). 
3 Species at Risk Act (2002a). 
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Freshwater systems in the Project area contain habitat such as riparian zones, wetlands, and stream 

channels that support aquatic life, including several species of fish. The key streams and lakes that have 

the potential to be affected by the Project include (Figure 4.2-3): 

 Tatelkuz Lake; 

 Lake 01682LNRS in the Davidson Creek watershed;  

 Lakes 01538UEUT and 01428UEUT in the Creek 705 watershed; 

 Snake Lake in the Tatelkuz Lake tributaries watershed; 

 Davidson Creek, which flows into Chedakuz Creek downstream of Tatelkuz Lake; 

 Chedakuz Creek immediately downstream of Tatelkuz Lake; 

 Turtle Creek, an ungazetted stream that flows into Chedakuz Creek downstream of Tatelkuz Lake; 

 Creek 661, an ungazetted stream that flows into Chedakuz Creek upstream of Tatelkuz Lake; 

 Creek 705, an ungazetted stream that flows down the west side of Mount Davidson into Fawnie 

Creek; and 

 Ungazetted tributaries to the streams listed above. 

Fish and aquatic life baseline studies were conducted within the Aquatics Local Study Area (ALSA) and 

Aquatics Regional Study Area (ARSA) specifically for the project from 2011 to 2013 and again in 2017 

(ERM 2019g). One set of baseline studies focussed on fish communities and the aquatic resources that 

are important to fish habitat in the lakes and streams within the Project area (AMEC 2013f, 2013e). The 

investigated biological resources included primary and secondary producers (periphyton and 

macroinvertebrates in streams; phytoplankton, zooplankton, and macroinvertebrates in lakes), many of 

which serve as important food items for fish or key trophic links sustaining the growth, reproduction, and 

other life processes of fish (Vander Zanden and Vadeboncoeur 2002).  

A second set of baseline studies focussed on physical and chemical characteristics, water quality, and 

sediment quality of selected streams and three headwater lakes in the ALSA and ARSA (AMEC 2013d). 

Mine tailings can potentially affect these aspects of stream and lake habitats (Lottermoser 2010), which in 

turn can possibly result in direct impacts to fish, or indirect impacts to fish via direct effects on biological 

resources such as primary and secondary producers.  

Results of the 2011 to 2013 and the 2017 baseline studies are summarized as follows (AMEC 2013d; 

ERM 2019g): 

 Stream temperatures: Measured stream temperatures within the ARSA and ALSA at the time of 

reporting were less than the BC MOE optimal temperature ranges for the full life history 

(i.e., spawning, rearing, over-wintering, and migration) of Rainbow Trout (Oncorhynchus mykiss) and 

Kokanee (Oncorhynchus nerka), the two most common fish species in the region (AMEC 2013d). 

Low temperatures rather than high temperatures limit aquatic biological processes in the ARSA 

and ALSA. 

 Periphyton density and biomass: Mean periphyton density and biomass (as indexed by chlorophyll a 

concentration) within the ALSA both showed substantial variation among sites, but different spatial 

distributions. This variation was associated with differences in taxonomic composition among sites. 

Overall, periphyton communities tended to be dominated by diatoms and cyanobacteria. Diatoms 

were predominant at 10 of the 14 sites and cyanobacteria at the other four sites. Relatively high 

proportions of cyanobacteria in streams are generally associated with high nutrient concentrations.  
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 Phytoplankton: Mean phytoplankton cell density and biomass were Lake 01682LNRS (the headwater 

lake of Davidson Creek) and lowest in Lake 01538UEUT (one of two headwater lakes in the Creek 

705 Watershed). Mean densities and biomasses were similar among depths in each of the three 

lakes within the ALSA and ARSA. Different taxa of Chrysophyta (i.e., golden algae and diatoms) were 

predominant in lakes 01428UEUT and 01538UEUT and in the surface and deep samples from Lake 

01682LNRS. In contrast, Cryptophyta was the predominant taxon of phytoplankton below the 

thermocline of Lake 01682LNRS. Green algae (Chlorophyta) were present in all of the lakes, but 

never made up more than 29% of total the total number of cells in a sample. Chlorophyta are often 

preferred food for higher aquatic organisms that feed on plankton, and heavy phytoplankton grazing 

may be one reason for its lack of numerical dominance in the Project area. Blue-green algae 

(cyanobacteria) were not abundant in any of the samples, and dinoflagellates and euglenoids were 

uncommon to rare. 

 Zooplankton: Mean zooplankton density and biomass were highest in Lake 01428UEUT and lowest 

in Lake 01682LNRS. Both density and biomass were similar between Lake 01538UEUT and Lake 

01682LNRS. Lake 01428UEUT has the lowest mean Secchi depth (3.5 m; i.e., highest turbidity), 

followed by Lake 01538UEUT (4.8 m) and Lake 01682LNRS (5.6 m). This suggests that zooplankton 

abundance in these headwater lakes is driven by lake morphometry and transparency. Rotifers were 

the predominant zooplankters by density in all three lakes. 

 Sediment: Stream sediments are dominated by sand and gravel-sized sediments with relatively low 

nutrient content. At some sites in Davidson Creek, Fawnie Creek, Creek 705, Creek 661 metal 

concentrations (arsenic, chromium, iron, and manganese) in sediments tended to be greater than 

federal and provincial guidelines. 

 Benthic macroinvertebrates (Benthos): Benthos communities within the streams and lakes varied 

significantly across years, across sites, and within sites. For streams, among-site variation was the 

most pronounced, followed by annual variation, and within-site variation was lowest. The benthos 

communities within the ALSA and ARSA closely reflect site conditions related to altitude, productivity 

(i.e., periphyton density and biomass), stream size, and the amount of silt in the stream. 

 Fish and fish habitat: Surveys of stream fish habitat were conducted to identify, characterize, and 

quantify the available habitat for fish within the ALSA, and at stream crossings along the transmission 

line and road access corridors. This revealed a habitat distribution pattern typical of the central BC 

interior—steep, sub-alpine headwaters of naturally poor quality fish habitat, in general, draining to 

lower gradient reaches of higher quality habitat that flow into large, overwintering lakes (e.g., Tatelkuz 

Lake). No major fish barriers were identified during the surveys, with fish habitat widely distributed 

and access available into headwater drainages within the ALSA and affected drainages. A ‘partial’ 

cascade barrier in reach 11 of Davidson Creek was identified that likely limits upstream fish passage 

(at least during summer low flows and possibly during freshet flows) and likely contributes to the 

maintenance of the two genetically-distinct Rainbow Trout populations in Davidson Creek.  

The quality of overwintering habitat for fish was assessed at 25 stream sites and in three headwater lakes 

in 2012 and 2013. Sites in the lower reaches of streams tended to have good overwintering habitat 

(e.g., Davidson Creek mainstem and a ponded section of Turtle Creek) but other sites at higher 

elevations were rated as poor (e.g., surveyed headwater sites in Davidson Creek and Turtle Creek). 

The lake surveys revealed that overwintering fish habitat in Lake 01682LNRS is poor quality below 4.0 m 

due to the presence of low dissolved oxygen concentrations, yet the quality improves at shallower depths. 

Snake Lake offers poor overwintering habitat owing to its shallow depth and low dissolved oxygen 

concentrations. In contrast, overwintering habitat in Lake 01538UEUT is good at all depths. Two years of 

sampling show that there is a range of overwintering habitat quality in streams and lakes in the ALSA, 

and that the quality of overwintering habitat at most sites varies between years.  
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Twelve species of fish were captured in the ALSA and ARSA, including Kokanee (Oncorhynchus nerka), 

Rainbow Trout (Oncorhynchus mykiss), Lake Chub (Couesius plumbeus), Longnose Sucker (Catostomus 

catostomus), Brassy Minnow (Hybognathus hankinsoni), Mountain Whitefish (Prosopium williamsoni), 

Burbot (Lota lota), Longnose Dace (Rhinichthys cataractae), Slimy Sculpin (Cottus cognatus), Northern 

Pikeminnow (Ptychocheilus oregonensis), Largescale Sucker (Catostomus macrocheilus), and White 

Sucker (Catostomus commersonii).  

The Brassy Minnow is a blue-listed species in BC and is classified as sensitive or vulnerable (BC CDC 

2020). Blue-listed taxa are at risk, but are not extirpated, endangered or threatened. Brassy Minnow is not 

ranked by the COSEWIC or listed under the Species at Risk Act (2002a). This species has not been 

identified in the Project’s Section 79(1) notice under the Species at Risk Act (2002a). 

Kokanee, Rainbow Trout, Burbot, and Mountain Whitefish are fished recreationally in many parts of BC. 

Kokanee and Rainbow Trout were the most common species counted, however sampling methods 

(e.g., Kokanee spawner surveys) targeted these species. Data on the geographic distribution of fish in 

the study area are summarized in Figure 4.2-3. For the purposes of this assessment it is assumed fish 

are present in the areas where fish presence/absence has not been assessed. 

Different populations of Kokanee and Rainbow Trout were identified on the basis of four factors: genetic 

relatedness; proximity to overwintering habitat; location of partial impediment to fish migration; and 

geographic distribution, including that of young-of-the year fish, which indicates spawning areas. 

The Project area contains three populations of Kokanee: one population inhabits Kuyakuz Lake and 

spawns in tributaries of the lake and the main channel of Chedakuz Creek downstream from the lake 

(Figure 4.2-3); two populations inhabit Tatelkuz Lake, one spawning in August in one set of creeks and 

the other spawning in September in a different set of creeks (AMEC 2013c, 2013f). Whereas immature 

Kokanee are mainly found in lakes, Rainbow Trout are the predominant species in creeks of the Project 

area. Seven possibly distinct populations of Rainbow Trout were proposed in the baseline studies, 

however, they are all closely related (AMEC 2013c, 2013f): one population from the lower reaches of 

Davidson Creek near Tatelkuz Lake; one population from the headwater reaches of Davidson Creek; one 

population each in Turtle Creek and Creek 661; and three populations in Creek 705. During the baseline 

surveys, Rainbow Trout were also found in Tatelkuz Lake, the headwater lake of Davidson Creek (Lake 

01682LNRS), and the two headwater lakes of Creek 705 (Lake 01538UEUT and Lake 01428UEUT; 

Figure 4.2-3). Rainbow Trout do not inhabit Snake Lake likely as a result of the low concentration of 

dissolved oxygen in winter and poor surface drainage connectivity. 

4.2.4 Wetlands 

Wetlands and associated ecosystems are characterized and considered in the tailings and waste rock 

management alternatives assessment process. In particular, the loss of wetland habitat/ecosystems and 

the presence of rare and endangered plants/wildlife associated with the wetlands are significant factors 

that are considered in the candidate alternative selection process. 

Wetlands classes in the Project area include: wet bogs, fen wetlands, marsh wetlands, swamp wetlands, 

shallow waters, and ponds. The wetland hydrological functions include: larger wetlands that typically 

occupy flat areas that are part of historical or small lake / flood plain bottoms with little groundwater input. 

Linked basins and linked hollows that receive water from uplands and inflow from streams, with the 

excess water flowing onto other water ways.  

As part of wetland mapping and classification for the Project, 127 wetland-related field surveys within the 

wetland local study area (WLSA) and wetland regional study area (WRSA) were completed in 2011 and 

2012. Wetland resources comprised approximately 3,697 ha (13% by area) of the WLSA (see ERM 2017b, 

2018a). Approximately 402 ha (11% by area) of the mine site footprint were classified as wetlands with 

the most common wetland class identified as bogs and swamps (Figure 4.2-4; ERM 2017b, 2018a). 
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4.3 Human Environment 

Project components are situated in both the Cariboo and Bulkley Nechako Regional Districts. The mine 

site components include the open pit, ore processing facilities, TSF, waste rock and overburden 

stockpiles, low grade ore stockpiles, water management facilities, and borrow sites. The Project footprint 

also includes offices, workforce accommodation camps, warehouses and mechanical repair shop, 

the mine access road, air strip, freshwater supply system, freshwater pipeline and portions of the 

transmission line are located within the Cariboo Regional District. The northern portion of the proposed 

140 km transmission line passes through the Bulkley Nechako Regional District. 

There is one ranch within a 20 km radius of the mine site: Mills Ranch at Tatelkuz Lake. The communities 

nearest to the Project are dependent on forestry and the public sector for income and employment, 

with less reliance on mining and agriculture. Prince George is the regional hub with air service from 

major centres.  

The construction, operation and closure of the Project’s tailings and waste rock storage facilities 

have the potential to affect the socio-economic environment, including the use of Crown tenures. 

These activities may also interfere with heritage sites, including sites of archaeological, historical, 

and paleontological significance. 

The Project and its components extend through areas accessed by commercial interests, the public, and 

Indigenous groups. The Project has been designed to avoid private land and, through consultation with 

stakeholders, the Project footprint has been modified to minimize effects on range, guide outfitter, and 

trapping tenures. The mine site area does not cross or overlap any federal or provincial parks, protected 

areas or Agricultural Land Reserves. 

The transmission line and the Kluskus FSR extend from the mine site to Highway 16 (Yellowhead 

Highway), which connects more populated areas, including Vanderhoof and Fraser Lake. Vanderhoof is 

a district municipality with a population of approximately 4,500 residents (Figure 4.3-1). The major 

industries are lumber and agriculture. Community facilities include schools, health centre, Royal 

Canadian Mounted Police (RCMP) detachment, and fire hall. Vanderhoof also provides regional services 

for smaller rural communities nearby. 

The Village of Fraser Lake between Burns Lake and Vanderhoof along the Yellowhead Highway has 

approximately 1,300 residents. Fraser Lake is close to the Endako mine, which suspended operation in 

December 2014 due to weak molybdenum prices. Forestry is the main industry is the area. Community 

services include a school, health centre, RCMP detachment, and fire hall. 

4.3.1 Parks and Protected Areas 

There are no National Historic Sites, Marine Conservation Areas, Wildlife Areas, or migratory bird 

sanctuaries in the vicinity of the mine site, nor any overlap with national and provincial parks or protected 

areas. Entiako Provincial Park is located approximately 26 km northwest of the mine site (Figure 4.3-1). 

4.3.2 Non-Traditional Land Use 

The Vanderhoof Land and Resource Management Plan (Vanderhoof LRMP) was approved by the BC 

government in 1997 (Minister of Forests 1997). The LRMP covers 1.38 million ha of Crown land and 

includes provisions relating to commercial and recreational access and uses. The Vanderhoof LRMP 

establishes several Resource Management Zones (RMZs). The mine site footprint is located mostly in the 

Davidson Creek RMZ 17, which is designated as “Resource Development Emphasis”, and borders on 

Multi-value Emphasis Zones (AMEC 2013g). The intent of the Davidson RMZ 17 is to: balance resource 

development with wildlife, Indigenous, and recreational values through appropriate access management; 
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limit access to the whole area south of the Kluskus-Ootsa FSR (which is associated with resource 

development); and manage the northwest zone to restrict access and provide a buffer for critical caribou 

winter range that lies further west (Minister of Forests 1997).  

There are four guide outfitting tenures in the general Project area; certificate No. 601089 overlaps the 

Blackwater deposit (Figure 4.3-2). There are five registered traplines in the Project area; TR0512T027 

and TR0601T003 overlap the Blackwater deposit (Figure 4.3-2). 

Four range tenures occur in the Project area, with one tenure (RAN075154) overlapping the mine site 

(Figure 4.3-3). The recreational sensitivity and significance has also been classified for the general 

Project area; although the Blackwater deposit occurs within an area of unclassified recreational sensitivity 

and significance. The area immediately to the south of the deposit is classified as having moderate 

sensitivity and high significance for recreation (Figure 4.3-3).  

4.3.3 Heritage 

An archaeological impact assessment (AIA) was conducted for the Project under Heritage Conservation 

Act (HCA) Heritage Inspection Permit 2012-0295; the findings of the AIA are provided in the Archaeology 

2013 Baseline Report (Appendix 8.1A of the Application/EIS). In addition, a paleontological assessment 

was conducted for the Project, the results of which have also been summarized in Appendix 8.1A). 

The AIA of the mine site footprint included a total of 1,423 subsurface tests within 77 areas identified as 

having moderate or high archaeological potential. Subsurface testing and pedestrian surveys identified 

three prehistoric archaeological sites: FhSe-73, FhSe-74, and FhSf-4. Site FhSe-73 consists of an 

isolated artifact (a chalcedony flake) and a cache pit, FhSe 74 consists of an artifact scatter of dacite and 

obsidian flakes and shatter, and FhSf-4 consists of a single chert scraping tool. Historic features, 

including the remains of a historic cabin, 73 blazed trees, and eight culturally modified trees post-dating 

1846 AD were also observed; these features are not protected by the HCA. No paleontological sites were 

identified within the mine site. 

4.3.4 Current Use of Lands and Resources for Traditional Purposes 

The current use of lands and resources for traditional purposes information contained in this report is taken 

directly from the Blackwater Gold Project Current Land and Land Resource Use for Traditional Purposes 

(ERM 2016a). New Gold (prior owner) consulted on the draft report by providing copies of the draft current 

use of lands and resources for traditional purposes report to the LDN, UFN, NWFN, SFN, and StFN on 

January 14, 2016. The final version of the report was provided to the EAO and CEA Agency on April 11, 

2016 for distribution to Indigenous groups and the EAO Working Group.  

4.3.4.1 Lhoosk’uz Dené Nation Current Use 

The LDN traditional territory covers approximately 1,405,246 ha (Figure 4.3-4), which is overlapped by 

components of the Project including the mine and the transmission line. Approximately 44 km of the 

Kluskus FSR crosses through LDN traditional territory. A portion of the transmission line crosses through 

LDN traditional territory. The LDN has seventeen Indian Reserves (IR) totalling approximately 1,648 ha 

and members reside at Kluskus 1 and Sundayman’s Meadow 3. Tatelkuz Lake Indian Reserve (IR) 28, 

located at the northern end of Tatelkuz Lake, is occupied by one LDN family.  

Seasonal Round 

Lhoosk’uz Dené Nation members follow a seasonal round of activities within their keyoh. The LDN has 

characterized the seasonal round in the following manner:  
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 Spring: In late winter and early spring, trapping beaver and muskrat occur. In areas where fish enter 

creeks to spawn during this period, LDN fish for trout, suckers, kokanee, Dolly Varden and whitefish. 

Trapping ends around May when beavers start to have their young. Plants, such as lodgepole pine 

and wild onion, are harvested in late spring.  

 Summer: Hunting, fishing and plant gathering are important activities in the summer. Cariboo, deer 

and moose are hunted, and some of the meat is dried and cached for winter. Summer salmon are 

fished in areas north of Kuysha IR 7, Lhtako Dene IR 2 and other areas in the region. Berries, 

including blueberries, raspberries, huckleberries, strawberries, soapberries and Saskatoon berries 

are harvested in areas such as hillsides with southern and western exposures. A range of medicinal 

plants are harvested. Food and other resources are prepared and preserved for the winter.  

 Fall: During the fall, LDN fish, hunt and complete their preparations for the winter. Fishing at this time 

occurs at the outlets of lakes and near creeks. Kokanee, trout, whitefish, char and suckers are caught 

at this time. Big game hunting occurs in the fall and historically focused on caribou, although moose is 

now the dominant ungulate that is hunted. Traplines are laid in lowland swamps and meadows near 

lakes to trap small furbearers such as marten, beaver, mink, muskrat and squirrel. 

 Winter: Trapping is an important winter activity. Species that are trapped include muskrat, beaver, 

otter, lynx, fisher, wolverine, fox and coyote. These species are used for fur as well as for food. 

Caribou and moose are hunted in the winter. In the winter, caribou tend to move to lower elevations 

where they are more accessible, while moose are often near swamps and meadows (until February or 

March, depending on the year). Lhoosk’uz Dené Nation also fish at Tatelkuz Lake and Tsacha Lake.  

Current Hunting and Trapping 

Lhoosk’uz Dené Nation harvest moose, deer, beaver, duck, grouse and smaller animals, such as squirrel, 

muskrat and rabbits. Caribou is also hunted, but accessing caribou range is more costly, so fewer LDN 

participate in this hunt, and caribou is now considered a delicacy (Trapline TR0512T014 pers. Comm; 

LDN Comments 2014). LDN has identified that hunting occurs throughout its traditional territory including 

on the south side and summit of Mount Davidson (within the Current Use LSA) and other mountain 

ranges. LDN hunt near Chedakuz Creek and Tatelkuz Lake. Elders noted that the moose population in 

the Current Use LSA and RSA was historically much higher, but there has been a substantial decline 

since their childhoods (LDN Elders pers. comm.).  

Lhoosk’uz Dené Nation trap beaver, bear and marten. Two provincially registered traplines (TR0512T014 

and TR0512T027) held by LDN members overlap the Project area. These traplines are associated with 

larger historic keyohs. Trapline TR0512T014 is currently used. It was noted that LDN members 

historically accessed trapline TR0512T014 from the north, however consultation efforts did not indicate if 

this is currently a preferred route (i.e., access from Tatelkuz Lake IR 28, crossing over Mount Davidson 

from the north side). Based on an interview with the holder of trapline TR0512T027, the line has not been 

used for 20 years. The Messue Wagon Trail was used to access this trapline (owner of Trapline 

TR0512T027 pers. comm.). Information regarding LDN’s trapping outside of provincially registered 

traplines was not available at the time of writing. LDN continue to use hides to create traditional clothing 

(Indigenous Work Force 2013). 

Current Fishing 

Lhoosk’uz Dené Nation fish for trout, whitefish, ling cod, kokanee, and suckers in Tatelkuz Lake, as well 

as fishing for kokanee in Davidson Creek. They noted that Tatelkuz Lake is a preferred location to fish for 

trout, since trout caught in rivers “taste muddy” (LDN Elders pers. comm.). Other fishing locations include 

Kuyakuz Lake, middle Chedakuz Creek (the portion of Chedakuz Creek between Kuyakuz and Tatelkuz 

Lake) and lower Chedakuz Creek, the Twin Lakes (location unknown), and a little creek (not named) near 
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km 104 of the Kluskus FSR. LDN representatives also noted the presence of a fish trap on Chedakuz 

Creek. West Kluskus Lake (also known as Squirrel Lake) has historical fishing camps that have been 

used for hundreds of years. LDN rely on fish resources as a food source, with three to four meals per 

week consisting of fish, which are eaten dried or fresh. Fishing occurs in the spring, and fish is dried for 

consumption throughout the year (Interviews with Lhoosk’uz Dene Nation Elders 2013). LDN use a range 

of fishing techniques, including using moose heart as bait for larger rainbow trout (Indigenous Work Force 

2013). For the one family that resides at Tatelkuz Lake IR 28, fish, including rainbow trout, suckers, and 

kokanee from Tatelkuz Lake, lower Davidson Creek, and lower and middle Chedakuz Creek, are an 

important source of food. (Interviews with Lhoosk’uz Dene Nation Elders 2013). 

The Blackwater River and its tributaries (i.e., Tsacha Lakes) were identified as critical fishing areas for 

LDN. New Gold made a conscious effort to avoid siting the Project or components in the vicinity of the 

Blackwater River drainage given its importance to Aboriginal groups. 

Current Gathering 

Plants gathered by LDN include soapberries, spruce pitch and tips, pine, willow (green and red), 

strawberry runners, kinnikinnick, Oregon grape, bear berries, poplar bark, and poplar buds (LDN Elders 

pers. comm.). Plants gathered by LDN as food sources include wild celery, wild onion, soapberries, 

huckleberries, raspberries, strawberries, Saskatoon berries, cranberries and blueberries (LDN Elders 

pers. comm.). Berries are preserved for use later in the year. LDN gather wild mushrooms, other wild 

plant foods, and plant medicines during this time (Indigenous Work Force 2013; LDN Elders pers. 

comm.).LDN pick plants around the east of Tatelkuz Lake and at Kuyakuz Lake and berry picking sites 

have been identified around the base of Davidson Mountain. An abundance of berries and medicinal 

plants exist on the south and south-east sides of Tatelkuz Lake, within the current use LSA. Plant 

harvesting is done ‘as needed’. Plant gathering is also conducted along trails, including the Messue 

Wagon Trail within the current use LSA. Interviewees noted that sometimes balsam and spruce bark are 

harvested near Vanderhoof (outside of the current use RSA and LSA) (LDN Elders pers. comm.). The 

holder of trapline TR0512T027 indicated that plants and medicines are collected in the trapline area.  

Other Current Cultural and Traditional Uses of the Land 

Lhoosk’uz Dené Nation members use cultural and spiritual sites within the LDN traditional territory, 

including sacred sites and trails used for centuries by local Aboriginal people. Two sacred sites, Kuyakuz 

Mountain and an area on the northeast shore of Tatelkuz Lake, are located within the current use LSA 

(Andrew Leach & Associates 2008; LDN Elders pers. comm.), and both are areas where ceremonial 

activities may occur. The east end of Tatelkuz Lake was traditionally used for cremation of family 

members. Cremated remains were carried by relatives for a year and then scattered in this area (LDN 

Elders pers. comm.). LDN members consider the site at the east end of Tatelkuz Lake to be a sacred 

place, particularly for praying.  

Lhoosk’uz Dené Nation use historic trails including the Messue Wagon Trail that connects Tatelkuz Lake 

IR 28 to the Knewstubb Lake in the north and the West Road (Blackwater River)/Alexander Mackenzie 

(Grease) Trail and the West Road/Blackwater River in the south. LDN fish, hunt, and gather food while 

using the trail. LDN indicated that there is are horse/foot trails as going up Mount Davidson. 

Activities such as sweat lodges, smudge ceremonies, hunting, fishing, berry picking, working buckskin, 

and making traditional baskets are all important cultural practices (Andrew Leach & Associates, 2008). 

Canoeing and boating were popular activities on Tatelkuz Lake (LDN Elders pers. comm).  

Culture camps are held on each of the keyoh, in rotation, with each family hosting on their keyoh. 

The Cassam/Baptiste keyoh is overlapped by the Project.  
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There is a possibility of CMTs and other archaeological sites in the area.  

Lhoosk’uz Dené Nation have indicated that Davidson Creek is a source of drinking water for the members 

living on Tatelkuz Lake IR 28. 

4.3.4.2 Ulkatcho First Nation Current Use 

The UFN traditional territory covers approximately 3,030,687 ha (Figures 4.3-5). There are 21 UFN 

reserves totalling approximately 3,246 ha. The UFN traditional territory boundary that appears on Project 

figures was developed based on from publicly available sources and was not outlined in the TK/TLU. 

UFN traditional territory is overlapped by components of the Project include the mine and a portion of 

the transmission line crosses through UFN traditional territory.  

Figure 4.3-5 shows the TK/TLU “intensity of use map” (DM Cultural Services Ltd. 2013: 42) overlaid on 

the current use LSA and RSA, including Project components. These areas have been numbered and are 

indicated in the following way throughout the document: e.g., grid 93F.015.3 of the UFN TK/TLU.  

Seasonal Round 

The UFN seasonal round includes travelling north to Burns Lake and Ootsa Lake, south towards Bute 

Inlet, Nemiah Valley and Chilko Lake, eastward to the Fraser River and west to Bella Coola, Kitimat and 

Kimsquit. The seasonal round includes four seasons, as described in the UFN TK/TLU (DM Cultural 

Services 2013), and summarized below.  

1. Spring: During the spring, UFN trap otter, beaver and muskrat, and fish for suckers and trout in creeks. 

Ice fishing also occurs. In late spring, UFN travel west to Bella Coola to start hunting. Some plants 

are harvested in the spring, including avalanche lily, cow-parsnip and stinging nettle.  

2. Summer: During the summer, UFN gather berries, fish and hunt. Hunting for deer occurs in the south 

near the Chilcotin Mountains, and UFN travel to Ulkatcho and Rainbow Mountains (near Tweedsmuir 

South Provincial Park) to hunt mountain goat, groundhog, bear and deer. Fishing for spring and 

summer salmon occurs on the Dean River (north of Bella Coola) and Tanya Lakes (near Tweedsmuir 

South Provincial Park). Several weeks are dedicated to preserving fish (e.g., salmon and steelhead) 

by smoking or drying. Plants and berries, such as blueberries, black currents, strawberries, thimble 

berries and mint, are gathered. 

3. Fall: The fall is the time for preparing trapping material and travelling to areas typically used for 

hunting and trapping. Trapping is done on family-owned traplines. UFN hunt and trap caribou, 

marmots, beaver, muskrats, wolves, bears, rabbits and deer.  

4. Winter: UFN continue to hunt and trap in the winter; winter is the main season for hunting caribou. 

UFN gather at Ulkatcho village around Christmas time for potlatching and gatherings with relatives, 

although some UFN travel to Bella Coola to join family living in that area. There are harvesting 

opportunities in the Bella Coola area at this time. Ice-fishing for carp in frozen lakes and creeks 

occurs in the winter. 

Current Hunting and Trapping  

The UFN hunt and trap within their traditional territory. The UFN TK/TLU study identifies general areas 

where hunting and trapping occur. The UFN TK/TLU study identifies hunting and trapping activities in the 

Project Site (i.e., grids 93F.016.3, 93F.016.4, 93F.026.1, 93F.026.2 in the UFN TK/TLU) , and identifies 

hunting along the transmission line ROW and the Mills Ranch Re-route (i.e., grids 93F.026.4 and 

93F.037.1 in the TK/TLU) and near Tatelkuz Lake (i.e., grids 93F.027.2 – 4 in the TK/TLU).  
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Figure 4.3-5: Ulkatcho First Nation Traditional Territory
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UFN hunt and trap for moose, deer, and caribou, lynx, squirrel, timber wolf, rabbit, and beaver, as well as 

ducks and geese. Hunting and trapping areas were also identified near Kuyakuz Lake, Chedakuz Creek, 

Mount Davidson (referred to as Tillie by UFN), and near Moose Lake, as well as near Kluskus Lake. 

Geese and ducks are hunted along Chedakuz Creek and near Kuyakuz Lake. No traplines registered to 

UFN members were identified in the current use LSA or RSA. 

Current Fishing 

Ulkatcho First Nation ndicated that they fish at Chedakuz Creek (i.e., grids 93F.026.2 and 93F.027.3 of 

the UFN TK/TLU), and Tatelkuz Lake (i.e., grid 93F.027.4 of the UFN TK/TLU), Kuyakuz Lake (i.e., grid 

93F.017.4 of the UFN TK/TLU), Moose Lake and Johnny Lake. Fishing also occurs in the Klukus Lake 

area (including Squirrel Lake, Euchiniko and near Klukus IR 1). The UFN have a fish camp at the north 

end of Kuyakuz Lake. Species fished include suckers, lingcod, salmon, and trout. Steelhead is also fished 

at the Blackwater River, outside of the Current Use RSA.  

The Blackwater River and its tributaries (i.e., Tsacha Lake) were identified as critical fishing areas for UFN. 

New Gold avoided the Blackwater River drainage in consideration of its importance to Aboriginal groups.  

Current Gathering 

Ulkatcho First Nation gather berries, medicinal and food plants along the Messue Wagon Trail (i.e., grids 

93F.027.2; 93F.017.4 of the UFN TK/TLU), at Kuyakuz Lake (i.e., grid 93F.017.4 of the UFN TK/TLU), 

Moose Lake, Tatelkuz Lake (i.e., grids 93F.027.2 and 93F.027.3 of the UFN TK/TLU), and Tsacha Lake, 

Johnny Lake. The UFN have specifically identified wild celery, raspberries and blueberries as plants that 

are gathered within the current use RSA. Mushroom picking is an important gathering activity. Specific 

locations where species are collected were not provided as the information is sensitive either cultural 

or economically.  

Other Current Cultural and Traditional Uses of the Land 

Ulkatcho First Nation identified sites of spiritual and cultural significance within the current use LSA and 

RSA. A trail, campsite, and a place name were identified within the area of the Project Site (i.e., grid 

93F.026.2 of the UFN TK/TLU). The precise locations of the trail and campsite have not been determined. 

CMTs associated with the trail have been recorded however dates recorded from CMTs sampled do not 

indicate current use. 

A trail in the vicinity of Tatelkuz Lake has been identified in the TK/TLU, and may refer to the Messue 

Wagon Trail, although it is not named in the UFN report. A trail on the east side of Tatelkuz Lake has also 

been identified, which connects with the Messue Wagon Trail. 

Additionally, the Nuxalk-Carrier Grease Trail, also referred to as Alexander Mackenzie Heritage Trail, is 

identified as a historic and currently used trail for the UFN. This trail spans 300 km between southern 

Carrier territory and the coastal villages of the Nuxalk (DM Cultural Services Ltd. 2013). The trail connects 

homesteads, fishing camps and hunting and trapping territories of the Carrier people (Furniss 2004), and 

is currently used by the UFN and is considered to be a spiritual site. This trail is south of the current use 

RSA. The UFN requested a 5 km buffer along the length of the Nuxalk-Carrier Grease Trail to prevent 

damage to cultural and spiritual sites (DM Cultural Services Ltd. 2013). 

Mount Davidson, named Tillie by the UFN, includes trails and campsites considered by UFN to be 

sensitive either cultural or economically (DM Cultural Services 2013). 

The Kluskus Lakes area is identified having historic land use sites, and there are currently several 

gathering sites, spiritual sites, gravesites and place names in this area (DM Cultural Services 2013). 
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4.3.4.3 Nadleh Whut’en First Nation Current Use 

The NWFN traditional territory covers approximately 534,479 ha (Figure 4.3-6). The NWFN has seven IRs 

totalling 969 ha and members reside on the banks of the Nadleh Bun (Fraser Lake) near Fort Fraser. 

A portion of the transmission line cross through NWFN traditional territory. 

Seasonal Round 

No information about NWFN seasonal round has been provided to the Project. When information is 

shared, the Project with consider incorporating relevant information into Project design, execution, 

management plan development, permitting, and monitoring. 

Current Hunting and Trapping 

Animals hunted by NWFN include moose, deer, bears and small game (Hudson 1983; Cranny 1986; 

Carrier Sekani Tribal Council 2006; PTP ASEP Training Society 2010a). NWFN direct a high degree of 

hunting effort in areas to the north of Highway 16 (north and outside of the current use RSA), including 

the Sutherland River Valley and Ormond Lake (Carrier Sekani Tribal Council 2006; Firelight Group 2014). 

Ormond Lake, for example, was a traditional winter hunting and trapping location (Bouchard and Kennedy 

2007), and is currently an important camping, hunting, trapping and fishing area (Pacific Trails Pipelines 

LP 2005). The area is also the site of an NWFN culture camp (Firelight Group 2014).  

NWFN trap throughout their traditional territory. NWFN trap in areas around the Sutherland River Valley 

(Coastal Gaslink 2014). Traplines typically follow the edges of waterways and shorelines where game 

travel (Hudson 1983). Trapping activity, as part of the seasonal round, is typically carried out in the winter 

(Carrier Sekani Tribal Council 2006). An NWFN member holds a provincially-registered trapline 

(TR0712T036) which is overlapped by transmission line and access roads by 0.67%. Based on individual 

interviews with the son and daughter of the trapline holder on 29 November 2012 and 30 April 2013 

respectively, both noted the trapline is currently dormant and not used, however the trapline may be in 

use by other NWFN members. NWFN advised the information collected by New Gold with respect to 

TR0712T036 does not represent the Nation’s use of their traditional territory for trapping purposes. 

Current Fishing 

Fish, specifically sockeye salmon, is a staple traditional food for NWFN (Hudson 1983; Cranny 1986; 

PTP ASEP Training Society 2010a). Species fished by NWFN members include salmon, steelhead trout, 

Dolly Varden trout, and rainbow trout. NWFN members use food preservation techniques such as drying, 

freezing and canning in order to consume fish throughout year. In 2009, 100% of NWFN women and 94% 

of men reported consuming salmon on a regular basis, the bulk of which was harvested from NWFN 

territory (Firelight Group 2014). 

Secondary data sources indicate NWFN fish in lakes and rivers to the north and outside of the current 

use RSA (Pacific Trails Pipelines LP 2005; Carrier Sekani Tribal Council 2006; Bouchard and Kennedy 

2007; Coastal Gaslink 2014). For example, NWFN harvest salmon, steelhead trout, Dolly Varden trout 

and rainbow trout in the Sutherland River (Coastal Gaslink 2014). The Nautley River (to the north and 

outside of the current use RSA) is identified as a salmon fishing area for NWFN (the river also contains 

trout, kokanee, and White Sturgeon). Secondary research indicates NWFN are concerned about the 

existing population of white sturgeon in the Nechako River (Carrier Sekani Tribal Council 2006).  

Several NWFN IRs are located north of Highway 16 at historical fish harvesting sites, including Canyon 

Lake 7, Ormonde Creek 8, Fraser Lake 2, Nautley 1, and Seaspunkut 4. These sites are outside the 

current use LSA and RSA.  
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Figure 4.3-6: Nadleh Whut’en First Nation Traditional Territory
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Current Gathering  

Nadleh Whut’en First Nation members gather plants, primarily berries, to help sustain them over the 

winter (Carrier Sekani Tribal Council 2006; PTP ASEP Training Society 2010a; Coastal Gaslink 2014). 

Berries harvested include raspberries, soapberries, black currents, Saskatoon berries, thimble berries 

and huckleberries (Carrier Sekani Tribal Council 2006). Service berries are a mainstay but other plants 

are collected for their leaves, bulbs and roots (Hudson 1983). Other plants harvested include, but are not 

limited to, fir, aspen, red willow, sage, fireweed, wild rose. Many of these plants are used for medicinal 

purposes (Carrier Sekani Tribal Council 2006).  

Based on publically-available information, NWFN gather at sites to the north and outside of the current 

use RSA, including Fraser Lake, Barlow Road, Ormond Creek, Ormond Lake, Sutherland River/Valley, 

Angly Lake, and Top Lake (Carrier Sekani Tribal Council 2006; Coastal Gaslink 2014).  

Other Current Cultural and Traditional Uses of the Land 

Nadleh Whut’en First Nation use trails, habitations, and sacred sites to the north and outside of the 

current use RSA (Coastal Gaslink 2014). The Cheslatta Trail (or Tset’ladak t’seti in Carrier) crosses 

through NWFN traditional territory. 

4.3.4.4 Saik’uz First Nation Current Use 

The SFN traditional territory covers approximately 982,510 ha (Figure 4.3-7). There are ten SFN reserves 

totalling 3,235 ha and members reside primarily on Stony Creek 1, located 9 km southeast of Vanderhoof. 

Tatuk IR 7 has been developed as the SFN cultural camp and a location for training SFN youth. A portion 

of the proposed transmission line cross through SFN traditional territory of this. 

The SFN TLUOS provides a “robust preliminary description of the use of the lands and resources by 

the SFN’s members” (Thomas 2015). The SFN TLUOS identifies 4,753 interconnected sites within the 

TLUOS study area, which include the following:  

 620 overnight sites (cabins, lean to, boat, tent, camper trailer, breakdowns, under open sky and other);  

 2,812 animal kill sites (including 275 trapping kill sites, 1,057 fish kill sites [Char, Dolly Varden, 

Kokanee, whitefish, course fish, trout, Arctic grayling, salmon, ling cod, sturgeon and other fish], 

1,069 mammal kill sites [moose, elk, black bear, porcupine, shot muskrat, deer, caribou, rabbit, shot 

beaver, shot lynx, other mammal], 408 bird kill sites [grebes, geese, ducks, grouse, eggs, and other 

bird], 3 other animal kill sites); 

 968 plant and wood collecting sites (berries, medicine plant, construction wood, food plant, specialty 

wood, firewood, and other plant/wood);  

 129 earth material collecting sites (earth material and drinking water); and  

 224 fixed cultural sites (burial, death sites, gathering places, cache pits, sacred site, birth sites, 

settlement, cottonwood – canoe site, ceremony, and other cultural sites).  

The SFN TLUOS indicates that each current use activity (e.g., hunting, gathering) includes the act itself, 

as well as other associated cultural practices and regimes. These practices and regimes are not 

described in the TLUOS. The absence of information about practices does not represent the absence 

of that particular practice. 
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Fig ure 4.3-7: Saik’uz First Nation Traditional Territory
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The map provided in the SFN TLUOS does not include a legend so it is not possible to identify site 

locations within the current use LSA and RSA. During the June 29, 2015 meeting to discuss the TLUOS, 

SFN informed New Gold that the red diamonds on the map represent moose kill sites and red circles are 

berry picking sites. It is difficult to discern the different sites due to their concentration and map quality. 

Based on the map, SFN current use sites are concentrated around SFN IRs and to the south of the 

reserves. There are also current use sites along the Kluskus FSR and Kenny Dam Road, and around 

Tatelkuz Lake. At the June 29, 2015 meeting, SFN agreed to provide a map legend to assist with New 

Gold’s understanding of SFN current uses in relation to Project components and activities. 

Seasonal Round 

The SFN TLUOS notes that the life on the keyoh consisted of fishing, hunting and gathering during 

the season. Each family had their own keyoh that they had to look after (Thomas 2015). No additional 

seasonal round information has been provided. When additional information is shared, the Project will 

consider incorporating relevant information into Project design, execution, management plan 

development, permitting, and monitoring. 

Current Hunting and Trapping 

Based on the TLUOS and SFN consultations, SFN members hunt and trap throughout their traditional 

territory. Animal kill sites identified in the TLUOS include moose, caribou, elk, deer, black bear, porcupine, 

muskrat, rabbit, beaver and lynx. Based on the map in the TLUOS, densities of moose kill sites appear to 

occur around and to the south of SFN reserves, as well as along waterways, including Greer Creek, 

within the current use RSA. The kill sites represent only a portion of the larger habitat required to maintain 

healthy wildlife populations (Thomas 2015). Interviewees noted the moose and deer populations are being 

affecting by increased hunting pressure from non-Indigenous hunters. Caribou used to be harvested but 

they are no longer in the area (SFN Elder pers. comm.). A SFN member noted that hunting of calves has 

placed additional pressure on populations. Grouse, geese, grebes, ducks are also harvested, along with 

the eggs of these birds.  

Finmoore and Wedgewood, near the confluence of the Nechako and Stewart rivers (to the north and 

outside of the current use RSA) are locations frequented for a variety of current use activities. SFN 

members hunt moose, deer, and bear at Finmoore and bear along the Nechako River (Carrier Sekani 

Tribal Council 2006). The Stony Creek area (outside the current use RSA) is noted as a valuable moose 

hunting area (SFN member pers. comm.). 

Based on the TLUOS and SFN consultations, SFN members trap throughout their traditional territory. 

The TLUOS identifies 275 trapping sites, and based on missing shapefile information and map quality, 

it is difficult to determine if specific locations are identified within the current use RSA or LSA. Different 

species are harvested depending on the season, and include beaver, mink, lynx, marten, muskrat, 

wolverine, rabbit, porcupine and squirrel. Animals trapped within one SFN keyoh include marten, squirrel, 

lynx, black bear, muskrat, rabbit, fisher, wolf, coyote, and weasels.  

In addition to general trapping areas undertaken throughout SFN traditional territory, two provincially-

registered traplines (TR0711T007 and TR0712T009) held by SFN members overlap with the current use 

LSA. The SFN have advised New Gold that there are community traplines (raised at June 29, 2015 

meeting). The proposed transmission line overlaps these traplines by 0.61% and 0.05% respectively. 

Registered trapline (TR0711T007) and larger keyoh (approximately 77 km2 in size) is located near 

Big Bend Meadow and the Kenney Dam (Keyoh holder pers. comm.). The keyoh has been used for 

generations and holds special value for its owners, who refer to the keyoh as a “bank book” or a “store.” 

The keyoh owners consider themselves as stewards with a responsibility to take care of the keyoh in 

a sustainable way. The keyoh provides its owners with a connection to both culture and history.  
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Species harvested from TR0711T007 include bear, marten, lynx, rabbit, squirrel, wolf, coyote, fisher and 

weasel. The trapline is used extensively by the entire family and the trapline corresponds to a larger 

keyoh boundary.  

The holder of TR0712T009 noted the effects of clear-cut logging have affected trapping, and the area 

might only be ready to trap for his grandchildren (SFN Elders pers. comm.). The trapline holder noted that 

trapping is an important part of SFN culture, but that it is not economically feasible anymore; trapping 

activities follow fur prices and when prices are low, trapping is economically disadvantaged. 

Current Fishing 

Based on the TLUOS and SFN consultations, SFN members fish throughout their traditional territory. 

The TLUOS identifies 1,057 fish kill sites, and although the TLUOS map legend or shapefiles have not 

been shared with New Gold, however, symbols representing fish appear to occur within the current use 

LSA and RSA, including Tatelkuz Lake. Species fished include char, Dolly Varden, kokanee, whitefish, 

trout, Arctic grayling, salmon, ling cod, and sturgeon. 

During interviews, SFN representatives noted that fishing is an important traditional practice and dietary 

source. This knowledge is used when deciding what, when, and where to fish, and is shared and taught 

to the community’s youth. 

Although salmon fishing has slowed down due to poor salmon returns and regulatory limitations, salmon 

(particularly sockeye) continue to be a species of importance to SFN (SFN Chief and Council 

representatives pers. comm.; SFN Elders pers. comm.). Elders and youth fish for spring, sockeye and 

pink salmon at Wedgewood and Finmoore (to the north and outside of the current use RSA). One SFN 

member owns a salmon fishing camp at Wedgewood.  

The SFN identified fishing for spring salmon on the Nechako River. The SFN have indicated they have a 

fish camp along the Nechako River and there are currently no roads to the camp (June 29, 2015 meeting). 

The fish camp is located in an area that would be under the proposed transmission line. The SFN 

indicated to New Gold that they would prefer the fish camp remain remote. SFN also fish in Greer Creek, 

and a keyoh holder noted the presence of a family fish trap on the portion where the proposed transmission 

line would cross Greer Creek. The SFN TLUOS identifies that Tatelkuz Lake is used for fishing. 

The SFN also identified fishing in Swanson Creek and Big Bend Creek as well as Tatuk Lake, Lavoy Lake 

and Finger Lake. Other fishing locations include Ormond Lake, Oona Lake, Fraser Lake and Nautley 

River (all to the north and outside of the current RSA) (Carrier Sekani Tribal Council 2006; Coastal 

Gaslink 2014). Fishing for whitefish, trout, suckers, and char was reported to occur in and around Cluculz 

Lake (to the east and outside of the current RSA) in the mid-1980s (Cranny 1986). Kokanee is fished in 

a variety of lakes (e.g., Kokanee is available in Takuk Lake in the fall). Some ice fishing occurs during 

the winter. Trout is the major species, and there are other types that are consumed as well. 

The SFN TLUOS map legend or shapefiles have not been shared with New Gold, however, symbols 

representing fish occur within the current use LSA and RSA. 

Current Gathering  

Based on the TLUOS and consultations with SFN, SFN members gather plants throughout their 

traditional territory. The TLUOS identifies 968 plant and wood gathering sites, and based on the map, 

some plant gathering locations occur within the current use LSA and RSA. The TLUOS identifies berry 

picking, and other TLU sites around Tatelkuz Lake. Plants harvested include huckleberries, soapberries, 

strawberries, and medicinal plants such as elderberry. Indian tea is typically harvested in marshy areas, 

and Labrador tea is made by members. Labrador tea is used for medicinal purposes (SFN member 

pers. comm.).  
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Spruce, pine, birch and alder are harvested. These plants must be harvested from areas that are 

untouched, and a smudge ceremony must be held before these plants can be picked. Cottonwood is 

harvested for cottonwood for canoes. Smudge ceremonies are used to cleanse areas of physical or 

spiritual negative energy, and typically involve the burning of certain herbs. The smoke is rubbed or 

brushed over the body and/or area to be cleansed. Wood is also collected and used for construction, 

firewood and other purposes.  

Plant gathering is important throughout the year, especially during the spring cleanse when large 

amounts of greens are consumed, including nettles and fiddleheads. During the winter, stinging nettles 

(which are high in iron) and fresh grasses are consumed. 

Plant gathering for huckleberries, soapberries, bear berries, strawberries, raspberries, and blueberries is 

undertaken in the keyoh associated with trapline TR0711T007. Plankton grows in the wet areas of the 

keyoh, as well as wild onions and wild celery, which are eaten. The keyoh holder associated with trapline 

TR0711T007 also gathers willow, balsam, spruce, pine, pitch, elderberry, kinnikinnick, juniper, and spruce 

roots (used to make baskets and to tan hides). Saskatoon bush is harvested, and can be used to make 

baby baskets. Black moss is used to make bannock. Poplar bark is gathered, and its ashes are used to 

tan hides. Medicines gathered in the keyoh include strawberry runners, which treat fevers, and soapberry 

bushes, used to make Labrador tea (SFN member pers. comm.). SFN raised concerns about effects on 

medicinal plants that may be downstream of the Project, although specific sites of concern were 

not identified. 

The keyoh holder associated with trapline TR0712T009 noted that the land has been devastated by clear-

cut logging; noting that berry patches are no longer available. In addition, the region has been heavily 

impacted by the Mountain Pine Beatle (MPB), which has disturbed areas within the current use LSA.  

Based on the map in the TLUOS, plant gathering locations occur within the current use LSA or RSA.  

Other Current Cultural and Traditional Uses of the Land 

The SFN TLUOS identifies 224 fixed cultural sites, including but not limited to birth sites, settlements, 

burial sites, death sites, gathering places, cache pits, Cottonwood-canoe sites, ceremonial sites and 

sacred sites.  

Areas near Corkscrew Road, to the west of Nulki Lake, are considered to have sacred water for spiritual 

cleansing, as well as drinking water. 

SFN believe forestry resources that have been untouched should be preserved for the future. Cottonwood 

is important for canoes as it long lasting; they are sunk to the bottom of rivers to preserve them over 

winter. Birch is also important to SFN. 

A total of 620 overnight areas are noted in the SFN TLUOS report which include cabins, lean-tos, boat 

areas, tents, camper trailers, open sky and other overnight areas.  

Keyoh holders conduct a number of spiritual and cultural ceremonies in their keyoh. This includes 

smudging one’s body (in this case burning spruce or pine) to remove negative energies before harvesting 

in the keyoh. In addition, deep holes are dug in the land to use as solitary prayer places or spaces to take 

traditional medicines. Sometimes the spaces become areas to “sweat,” using lava rocks to heat the 

space. These purification ceremonies have been used for hundreds of years in Aboriginal cultures. 

The conditions involved heated spaces that are representative of the womb. The ceremonies provide 

keyoh holders with balance and a sense of security and safety. 

The holder of trapline TR0712T009 noted that the effects of clear-cut logging have removed all reference 

points and trails. 
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Saik’uz First Nation members engage in medicine gathering and culture camps at Wedgewood and 

Finmoore (to the north and outside of the current use RSA; Carrier Sekani Tribal Council 2006). There is 

a camp at Tatuk IR 7 for training youth.  

A number of historic trails are located to the north and outside of the current use RSA, including a trail 

from Vanderhoof airport north to Stuart River Trail from Laketown IR 3 to Tatuk Lake, a trail from Nulki 

Lake to Bella Coola (Grease Trail), a trail from Nulki Lake to Cluculz Lake to Fort George, and a trail from 

Tatuk Lake to Bobtail Lake (Coastal Gaslink 2014). 

The SFN TLUOS identifies 129 earth material collection sites and drinking water sites, although specific 

locations are not identified.  

The SFN TLUOS indicates there is use within the current use LSA or RSA that may include cultural and 

traditional land use sites, but specific locations have not been shared with New Gold. 

4.3.4.5 Stellat’en First Nation Current Use 

StFN traditional territory covers approximately 700,000 ha, and lies approximately 157 km west of Prince 

George (Triton 2014; Figure 4.3-8). The Stellat’en currently reside on lands around Francois and Fraser 

Lakes and extending south to the Nechako Reservoir and north between Stuart and Babine Lakes 

(Triton 2014). StFN members occupy two reserves (Stellaquo or Stella IR 1 and Binta Lake IR 2). 

A portion of the transmission line cross through StFN traditional territory. 

Seasonal Round 

The StFN LRUS discusses StFN seasonal round and describes use of trails and waterways by clans and 

extended families. Five seasons are discussed:  

1. Early spring: StFN harvest roots and shoots, and some trapping and hunting activities occur. Beaver, 

small game and migrating birds, such as ducks and geese are harvested. StFN ice and open water 

fish for suckers, burbot and trout at this time.  

2. Late spring-Early summer: StFN focus on collection and preparation of resources for the coming year. 

This includes harvesting fish, game and birds, and a strong emphasis on plant collection.  

3. Summer-Late fall: Late summer is a time for hunting both small game and ungulates. Chinook and 

Sockeye salmon are fished in rivers. This is also an important time for berry preservation.  

4. Late fall-Early winter: During the late fall to early winter, fur bearing animals are trapped. Whitefish 

(and other species) are harvested.  

5. Winter: Ungulates are hunted in the winter, in addition to hare, grouse and other small game. 

Trapping continues throughout the winter. 

Current Hunting and Trapping 

Stellat’en First Nation members hunt throughout their traditional territory and hunting trips are used to 

both “optimally and opportunistically” harvest species (e.g., grouse or rabbit may be harvested on a 

moose hunting trip (Triton 2014:46). Species hunted by StFN include moose, deer, and black bear (Triton 

2014; Firelight Group 2015). Despite arriving relatively recently to the area, “moose is predominant and is 

the most sought after animal” (Triton 2014:46). Additionally, various species of birds – used for both 

subsistence and ceremonial purposes – are culturally valued and sought (Triton 2014). Interview 

respondents noted that hunting has been adversely affected by forestry practices and other activities, 

such as the development of roads (Triton 2014). Some respondents were concerned that pipelines may 

negatively affect prime areas by destroying habitat or facilitating access by non-Aboriginal users (Triton 

2014). StFN members reported reduced consumption of traditional food, including moose meat, as a 

result of contamination concerns (Firelight Group 2015).  
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Interviews conducted with the holder of trapline TR0712T039 (which overlaps with the LSA along the 

northern section of the proposed transmission line alignment) indicate that some StFN members continue 

to trap. Economic benefits from trapping are low, but representatives noted that it provides opportunities 

to engage in traditional and cultural activities (Holders of trapline TR0712T039 pers. comm.) and trap line 

TR0712T039 may be linked to keyah system of land stewardship (Triton 2014).  

Beaver and muskrat are trapped in marshy areas and are used as food and for fur; wolverine is trapped 

for fur (Triton 2014). Ducks and geese, in addition to small game, are also trapped (Triton 2014).  

The StFN LRUS (Proponent Version; Triton 2014) identifies uses within the current use LSA or RSA but 

it is not possible to identify the types of use based on the maps provided in the StFN LRUS.  

Current Fishing 

The StFN TLUS notes that there were more references by StFN to fishing than to hunting, which supports 

the importance and wealth of waterways and fishing resources in the area. StFN indicated that their 

subsistence food fishery is dependent upon the health of fish habitat, and water quality is necessary for 

watersheds to sustain fish (Triton 2014). 

Stellat’en First Nation members use a variety of fishing practices (e.g., hook and line fishing, netting, 

traps, barricades). StFN harvest many different species of fish including salmon, halibut, char, whitefish 

and trout – with salmon being the most important (Firelight Group 2015). Other species (e.g., suckers and 

minnows) are also harvested for bait or food for domestic animals. StFN communities rely on rivers 

(e.g., the Nechako, the Endako and Stellako rivers) and lakes (e.g., Fraser and Francois lakes) to support 

fishing practices (Triton 2014). Members have reported reduced consumption of traditional food, 

particularly salmon, as a result of contamination concerns (Firelight Group 2015).  

The StFN LRUS (Proponent Version; Triton 2014) identifies fishing areas within the current use LSA or 

RSA but it is not possible to identify the types of use based on the maps provided in the report.  

Current Gathering  

Plants are an important resource for StFN and are used for both food and medicine (Triton 2014). 

There are many important species of berries (e.g., soapberries, huckleberries, blueberries, raspberries, 

thimbleberries, blackberries, currants, gooseberries, strawberries, Saskatoon berries and cranberries), 

bulbs and stems (e.g., various species of lily, water plantain, bulrush, cattail, and spring-beauty), and 

historically, edible tree lichens (Triton 2014). Tea plants are also consumed (Firelight Group 2015). 

These species provide many different nutrients to the StFN diet. Triton (2014:39) note “there are many 

areas of contemporary and intense use that lie within the proposed transmission line due to the proximity 

of the alignment to the Stellaquo reserve and the habitat quality it crosses.”  

Stellat’en First Nation members report traditional foods are harvested by individuals or with family 

members, primarily within the StFN traditional territory or in combination with other areas (Firelight Group 

2015). Although many StFN members participate in the non-traditional economy, fish, game, and berries 

constitute a major portion of their diet, and the StFN reported they do not get enough traditional foods on 

a regular basis (Firelight Group 2015).  

The StFN LRUS (Proponent Version; Triton 2014) identifies uses within the current use LSA or RSA but it 

is not possible to identify the types of uses based on the maps provided in the report.  



  
 

www.erm.com Version: D.1 Project No.: 0575928 Client: BW Gold LTD. February 2021          Page 4-47 

BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

PROJECT SETTING 

Other Current Cultural and Traditional Uses of the Land 

There are a number of sacred sites in the StFN traditional territory listed on their website (Stellat'en First 

Nation n.d.), including: 

 The Grandfather’s Trails (Atsiyan Buhati) are described as trails suitable for catching salmon, char, 

and whitefish, and where camping occurred. Portions of these trails are believed to be in the Current 

Use LSA in the northernmost section of the transmission line right of way. The Grandfather Trail 

network represents sustained use of the land, and is used by recreational users today (Proponent 

Version; Triton 2014). 

 The Women’s Song Place (Tse Koo Shun K’ut) is a sacred site for women to use when attaining their 

spiritual powers. These sites are treated with great respect by Stellat’en people, and were used by 

Stellat’en ancestors to acquire spiritual powers for the betterment of the Stellat’en people and their 

environment. This site is believed to be near Fraser Lake, outside the current use LSA and RSA. 

 The Red Rock (Tselkin K’ut), near the Women’s Song Place (Tse Koo Shun K’ut), is an extinct 

volcano, complete with a lava cone. This is where Stellat’en men go to attain their spiritual powers to 

become shaman or dreamers. This site is believed to be near Fraser Lake. 

 Binta Lake is part of the network of lakes and rivers Stellat’en people used to hunt and fish on their 

territory. Binta Lake is outside of the current use RSA. 

The StFN LRUS identifies the following cultural uses: 

 CMTs: Traditionally, the StFN harvested cambium as a food and nutrient source mostly from lodge 

pole pine. Their harvesting methods marked the tree but allowed it to continue growing. These trees 

and their marks remain visible today and constitute one form of CMT. There are many CMT still 

present within StFN traditional territory (Triton 2014). 

 Minerals: Minerals are an important part of StFN culture, and many different minerals were used for 

adornments, trade or ceremonial purposes (e.g., basalt, chert, chalcedony, red ochre, obsidian, 

copper and jade; Triton 2014).  

The Cheslatta Trail crosses through StFN traditional territory and the StFN LRUS indicates that the Trail was 

an important travel, information sharing and trade route (Proponent Version; Triton 2014; Figure 7.2.7-6).  

The StFN LRUS (Proponent Version; Triton 2014) identifies uses within the current use LSA or RSA but 

it is not possible to identify the types of use based on the maps provided in the report. 

4.3.4.6 Nazko First Nation Current Use 

The NFN traditional territory is approximately 1,548,894 ha (Figure 4.3-9) and is crossed by the Kluskus 

FSR. There are twenty-two NFN reserves, totalling approximately 1,973 ha, located around the 

community of Nazko, BC. 

Limited NFN current use information has been shared with the Project. In a letter to the EAO in 2013 

(Nazko First Nation 2013), the NFN indicates that Nazko people have a long-standing history of use in 

the northwest corner of their traditional territory.  

Seasonal Round 

No information about NFN seasonal round has been provided to the Project. When information is shared, 

the Project with consider incorporating relevant information into Project design, execution, management 

plan development, permitting, and monitoring.  
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Current Hunting and Trapping  

Nazko First Nation members hunt within their traditional territory. Moose are hunted, although NFN noted 

that the population has declined. NFN also trap within their traditional territory and identified trapping 

locations around Titetown Lake (east of the Project and outside the current use RSA). NFN-held traplines 

are also located in this area (Nazko First Nation 2013). It is not currently unknown if NFN registered 

traplines overlap with the current use LSA and RSA. 

Current Fishing  

Within the NFN traditional territory, there are seven rivers and many productive, year-round fishing lakes. 

NFN members actively fish within their traditional territory, specifically identifying kokanee as a key 

species. The Euchiniko and Blackwater watersheds (to the south and east of the current use RSA) are 

areas used by NFN people, as noted in a letter to the BC EAO in 2013 (Nazko First Nation 2013).  

Current Gathering  

It is not currently known if NFN are engaged in gathering in the current use LSA and RSA. If information 

on gathering becomes available, New Gold will integrate relevant information into the Project design, 

execution, management plans, permitting and monitoring. 

Other Current Cultural and Traditional Uses of the Land 

There are a number traditional land use sites in the northwest area of NFN’s traditional territory, including 

spiritual sites and sites or features important to traditional ecological knowledge (such as place names). 

The Nuxalk Carrier Grease Trail, located to the south and outside of the current use RSA, is also in the 

NFN territory.  

It is not currently known if NFN use traditional or cultural sites within the current use LSA and RSA. 

If information on cultural sites becomes available, New Gold will integrate relevant information into 

the Project design, execution, management plans, permitting and monitoring. 

4.3.4.7 Tsilhqot’in National Government Current Use 

The Tsilhqot'in National Government (TNG) represents the Tsilhqot'in communities of Tl'etinqox 

(Anaham), Esdilagh (Alexandria), Yunesit'in (Stone), Tsi Deldel (Alexis Creek), Tl'esqox (Toosey) and 

Xeni Gwet'in (Nemiah) (TNG 2014). The TNG traditional territory covers approximately 9,668,294 ha and 

is overlapped by the mine site and a portion of the transmission line (Figure 4.3-10).  

Traditionally, the Tsilhqot’in people occupied and use lands and resources in the Chilcotin River drainage 

and the upper reaches of the Homalco, Klinaklini, and Dean Rivers (R. B. Lane 1981). TNG engage in 

hunting, trapping, fishing, and plant gathering, including in northern areas of their traditional territory. 

Elk, deer, caribou, mountain goats and sheep are primarily hunted, though moose has replaced elk more 

recently. Trapped species include marmot, hare, beaver, muskrats and porcupine. They also harvest 

ducks, geese, ptarmigan and grouse. Important fish for TNG communities include trout, whitefish, 

suckers, and Kokanee and sockeye salmon. The sockeye salmon run on the Chilcotin River occurs in 

mid-July, when Tsilhqot’in people gather at fishing sites along the Chilcotin and Chilko rivers. Plant foods 

are important diet supplements, and berries and roots are gathered in sufficient quantities for winter 

storage. A number of the Tsilhqot’in practice, to varying degrees, their traditional subsistence lifestyle 

based on hunting, fishing, and gathering. No information about TNG seasonal round has been provided 

to the Project.  
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In February 2016, TNG provided a letter to the BC EAO regarding their review of the Application/EIS. 

In this letter, TNG refers to caribou and moose hunting throughout the traditional territory, including areas 

in the northern part of Tsilhqot’in territory and close to the Project. Tsilhqot’in use of lands and resources 

in the current use RSA. Current use of lands and resources in the Xeni Gwet’in (Nemiah) area was 

outlined during the Tsilhqot’in v. British Columbia (2014) litigation. Use of the Fish Lake area was 

characterized in the Prosperity Mine EA Application (Taseko Mines Ltd. 2009).  

If current aboriginal use information becomes available, New Gold will consider integrating it into Project 

design, execution, management plan development, permitting, and monitoring in subsequent stages of 

the Project development. 

4.3.4.8 Skin Tyee First Nation Current Use 

The STN traditional territory is approximately 3,824,861 ha (Figure 4.3-11). There are six STN reserves 

located in the Bulkley/Nechako Region, that have a combined area of 396.6 ha (DM Cultural Services Ltd. 

2015). The STN traditional territory is overlapped by the current use LSA and includes the mine site, FSS 

and proposed transmission line. The STN TLUS includes an “intensity of use map” (DM Cultural Services 

Ltd. 2015) overlaid on the current use LSA and RSA. These areas have been numbered and are indicated 

in the following way in this memorandum: e.g., grid 93F.037.3 of the STN TLUS9 and have been 

considered in the understanding of current use activities.  

Seasonal Round 

The STN follow seasonal round that divides the year into five seasons (DM Cultural Services 2015):  

1. Fall dry meat: In the early fall, STN hunt large game such as moose and dear. Fish, mountain sheep, 

mountain goat, bear, elk and caribou are also harvested. 

2. Early winter hunting and trapping: Traplines are disbursed in the early winter. STN trap beaver, 

muskrat, otter and lynx.  

3. Late winter hunting and trapping: Trapping and hunting continues throughout the winter, both for food 

as well as for fur collection.  

4. Spring beaver hunting: Trapping for beaver and other furbearers occurs in the spring. This is also a 

time to fish for salmon, char, trout, whitefish and sturgeon.  

5. Summer slack: Berry picking and plant harvesting is conducted in the summer, primarily between July 

and September. Fishing also occurs, and fish are dried and stored for winter use. 

Current Hunting and Trapping  

The STN TLUS (DM Cultural Services 2015) identifies up to six hunting areas10 within the Project Site 

(i.e. grids 93F016.3.4, 93F.016.4.3 - 4.4, 93F.026.2.1 - 2.2 of the STN TLUS), where STN hunt for bull 

moose, moose and deer. Within the southern area of the transmission line STN hunt moose, deer and 

grizzly bear (i.e., grids 93F.026.2.2, 93F.026.2.4, 93F.026.4.2, 93F.026.4.4, 93F.036.2.2 and 93F.036.1.1 

of the STN TLUS). STN hunt around Davidson Creek and Chedakuz Creek (i.e., grids 93F.26.2.4, 

93F.027.3.1, 93F.027.3.3 and 93F.037.1.1 of the STN TLUS). Near Tatelkuz Lake, STN hunt moose, 

                                                      
9 The STN TLUS is not publically available and therefore this assessment does not visually present the overlap of land use sites 

with Project components. 

10 The TLUS indicates that many of the sites overlap and may be displayed in multiple grids, therefore it is not 

possible to get an accurate number of recorded sites.  
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deer and grizzly bear (i.e., grids 93F.027.2.4, 93F.027.4.1-4.2, 93F.027.3.4 and 93F.037.1.2 of the STN 

TLUS). Other areas for hunting include Tsacha Lake, Johnny Lake, Moose Lake, Top Lake, Laidman 

Lake, and Klukus Lake (DM Cultural Services Ltd., 2015). Regions in the western and southern shores of 

Tatelkuz Lake support several land use sites. STN indicate that deer and moose are hunted in the region 

between Tatelkuz Lake and Laidman Lake. The STN TLUS indicates that STN also hunt and trap lynx, 

badger, coyote, fox, rabbit, beaver and otter (DM Cultural Services Ltd., 2015). It is common practice to 

share meat among members. In addition to providing food, community members use animal hides to 

create moccasins and other crafts. No STN registered traplines were identified in the current use LSA or 

RSA. STN representatives noted that, while fish are important, the STN “are more moose people than fish 

people” (STN representatives pers. comm.).  

Current Fishing  

Skin Tyee Nation members fish in the Morice River and its tributaries, northwest and outside of the 

current use RSA or LSA (Enbridge 2010). The STN TLUS also identifies fishing locations at Nadina River 

and Owen Creek. At Uncha Lake (not within the current use RSA or LSA), nets are used to catch char 

(STN representatives pers. comm.). The STN TLUS notes that Tsacha Lake and Johnny Lake are fishing 

areas. No fishing areas are identified in the STN TLUS map (DM Cultural Services Ltd 2015).  

Fish harvested by STN include, but are not limited to, bull trout, lake trout, char, chinook, Kokanee and 

coho salmon, Dolly Varden, ling cod, rainbow trout, steelhead, suckers, northern pikeminnow, prickly 

sculpin, slimy sculpin and whitefish (DM Cultural Services Ltd., 2015). STN indicated that spring salmon 

are caught with nets, and that trout fishing is done with rods or nets. Fish are typically preserved by 

drying, canning, or smoking (STN representatives pers. comm.). 

Current Gathering  

Skin Tyee Nation members gather plants throughout their traditional territory. The STN TLUS indicates 

that STN gather berries and medicinal plants around Davidson Creek and Chedakuz Creek (i.e., grids 

93F.26.2.4, 93F.027.3.1, 93F.027.3.3 of the STN TLUS) and near Tatelkuz Lake (i.e., grids 93F.027.2.4, 

93F.027.4.1-4.2, 93F.027.3.4 and 93F.037.1.2 of the STN TLUS). Transportation routes are also sites of 

food and medicinal plant gathering. STN gather soapberry, huckleberry, silkberry, blueberry, raspberry, 

strawberry, gooseberry, high bush cranberry, wild rice, wild onion, cow parsnip, black tree lichen, and 

rosehips for food (STN representatives pers. comm.; Enbridge. 2010; DM Cultural Services Ltd., 2015). 

Plants used for medicine include birch, thistle, Labrador tea, juniper, kinnikinnick, chokecherries, devil’s 

club, spruce gum/pitch, pine, bulrushes, Sitka alder, red alder or mountain alder, mountain ash, yarrow, 

bearberry or black twinberry, tamarack, fireweed, strawberry, raspberry, red willow, spruce, moss, yellow 

hemlock, and Indian hellebore (Enbridge 2010; DM Cultural Services Ltd., 2015). Plants used for other 

cultural purposes include cottonwood, red willow, spruce, poplar, birch, and moss.  

Other Current Cultural and Traditional Uses of the Land 

The STN TLUS identifies sacred and gathering places as well as historic and currently used trails. 

The report notes that transportation routes are an intrinsic part in the trapping, hunting and seasonal 

harvesting. The transportation corridors include overland routes as well as routes via rivers, lakes, 

and creeks.  

The STN TLUS describes a transportation route between Tatelkuz Lake and Kuyakuz Lake (i.e., grids 

93F.017.2.1-2.4; 93F.027.2.1-2.4 of the STN TLUS), as well as between Johnny Lake and Fawnie Dome. 

The STN TLUS indicates that transportation routes near Tatelkuz Lake are used to access moose hunting 

areas in the southern part of the STN traditional territory. Other transportation routes are noted in areas 

around Davidson Creek (i.e., grids 93F.026.4.1-4.4; 93F.027.3.1-3.4 of the STN TLUS).  
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Trails and transportation routes are also noted around Moose Lake, Laidman Lake, Euchiniko Lake, 

Top Lake and Tsacha Lake. Historic tails are identified near these lakes as well as near Kuyakuz Lake, 

Tatelkuz Lake, Mount Kuyakuz, and Fawnie Creek. 

Campsites and gathering areas are identified around Tatelkuz Lake (i.e., grids 93F.027.4.1-4.2 of the 

STN TLUS), Tsacha Lake, Johnny Lake and Top Lake, Fawnie Dome and Mount Tatelkuz. The STN 

TLUS indicates that fishing and hunting occur near campsites and gathering locations.  

One culturally significant named place11 in the southern portion of the Project Site is noted in the 

STN TLUS, although the location is not included in the STN TLUS map (DM Cultural Services 2015). 

STN TLUS indicated that resource development may isolate, displace or eliminate place names, resulting 

in their removal from the collective memory of the community. None of the specific locations or routes of 

trails, campsites, gathering areas, and place names are noted in the STN TLUS.  

4.3.4.9 Nee-Tahi-Buhn Current Use 

Nee-Tahi-Buhn’s traditional territory encompasses over 1,800,000 ha. The territory encompasses an area 

between Morice Lake Provincial Park in the west and Francois Lake Park in the east, and between the 

village of Topley in the north and Eutsuk Lake in the south. The asserted traditional territory of NTB includes 

areas around Francois Lake, Burns Lake, Uncha Lake and Grassy Plains (Coastal Gaslink 2014). A portion 

of the transmission line will run parallel and is just outside the eastern edge of the NTB traditional territory, 

north of Francois Lake. Figure 4.3-12 shows the location of NTB traditional territory in relation to the Project. 

Camping, hunting, trapping, fishing and berry picking are the primary cultural activities in NTB traditional 

territory. These activities are practiced through the generations and families with a priority on preserving 

the natural state of the land and passing this knowledge to the youth. Information about areas for 

successful hunting and fishing have been passed down for generations and members use all parts of 

their asserted traditional territory at different times of the year for harvesting and cultural purposes 

(Coastal Gaslink 2014). 

Nee-Tahi-Buhn’s seasonal round of resource activities includes hunting, trapping and ice fishing in the 

winter months, and hunting, fishing and gathering for food and medicinal plants in the spring, summer and 

fall. Fishing occurs along the Morice River; however, specific locations are unknown (Coastal Gaslink 2014).  

Current Hunting and Trapping  

Hunting and trapping continue to be integral to NTB traditional practices. Wildlife species hunted include 

deer, goat, black bears, ducks, and geese. Trapped species include rabbit, coyote, beaver, fox, fisher, 

lynx, marten, rabbit, squirrel, weasel, wolf, otter, cougar, bobcat, and wolverine (Coastal Gaslink 2014). 

It is not currently know whether NTB hunt or trap in the current use LSA or RSA. If this information 

becomes available, the Project will consider integrating it into Project design, Project design, execution, 

management plans development, permitting, and monitoring.  

Current Fishing 

Nee-Tahi-Buhn fish for rainbow trout, ling cod, lake trout, whitefish, kokanee, salmon, char, sturgeon, and 

sucker. It is not known if the NTB currently fish in any of the lakes, rivers, and streams in the current use 

LSA or RSA. If this information becomes available, the Project will consider integrating it into Project 

design, Project design, execution, management plans development, permitting, and monitoring.  

                                                      
11 Once a space or geographic area receives a placename that is connected to a person, event, story or legend, it is recognized 

within the cultural landscape of the STN TLUS (DM Cultural Services Ltd. 2015).  
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Current Gathering 

Nee-Tahi-Buhn gather plants for food and medicinal purposes. Plants identified by the NTB as being 

gathered include soapberry, juniper, Hudson’s Bay tea, devil’s club, woman’s medicine plant, goose 

berry, grouse berry, fireweed, wild flowers, alder, poplar, cottonwood, balsam/fir, spruce, birch, Indian 

rice, wild rose, pine, rhubarb, mushrooms, pussy willow, and stinging nettle (Coastal Gaslink 2014). 

It is currently unknown if NTB gather plants in the current use LSA or RSA. If this information becomes 

available, the Project will consider integrating it into Project design, Project design, execution, 

management plans development, permitting, and monitoring. 

4.3.4.10 Métis Nation British Columbia Current Use 

The MNBC submitted a letter to BC EAO on 8 November 2013 providing general information about their 

use of Northern BC. The MNBC also provided comment on the Application/EIS on February 19, 2016. 

The 2016 letter indicates that a large number of MNBC reside in the Project region and continue to use 

the land and resources for traditional purposes. 

Current Hunting and Trapping  

Métis hunt and trap deer, elk, moose and small game. Consultation efforts with MNBC to date have not 

identified specific Métis hunting locations in the current use LSA or RSA. If this information becomes 

available, the Project will consider integrating it into Project design, Project design, execution, 

management plans development, permitting, and monitoring.  

Current Fishing  

In February 2016, MNBC indicated in a letter that members use the Project area for fishing activities; 

specific locations have not been provided to New Gold. If this information becomes available, the Project 

will consider integrating it into Project design, Project design, execution, management plans development, 

permitting, and monitoring.  

Current Gathering  

In February 2016, MNBC indicated in a letter that members use the Project area to gather plants for 

sustenance and medicinal purposes; specific locations have not been provided to New Gold (the previous 

Proponent). If this information becomes available, the Project will consider integrating it into Project 

design, Project design, execution, management plans development, permitting, and monitoring.  

Other Current Cultural and Traditional Uses of the Land 

In February 2016, MNBC indicated in a letter that there is traditional knowledge related to the area. If this 

information becomes available, the Project will consider integrating it into Project design, Project design, 

execution, management plans development, permitting, and monitoring. 
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5. STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Step 1 of this analysis entails identification of reasonable, conceivable, and realistic options for tailings 

and PAG/NAG3 waste storage sites and technologies. Concepts (candidates) for management of mine 

waste were developed based on topographical maps of the project area (Knight Piésold 2015b). 

Threshold criteria are established to frame the basic requirements that must be met for an alternative 

to be within reason. Alternatives are considered in terms terrain and storage capacity; evaluation of 

feasibility was not considered at this stage. Tailings alternatives considered the maximum production 

rate of 55,000 tpd. 

The candidates are interspersed within an area of approximately 35 km by 30 km as shown on 

Figure 5-1. Candidate sites were roughly bounded by the Blackwater River to the south, the Nechako 

Reservoir to the north, Tatelkuz Lake to the east, and Entiako Provincial Park to the west. The tailings 

technology applied at each candidate site was chosen based on site specific constraints and professional 

judgement. Some candidate sites considered multiple tailings technologies, if appropriate, and others only 

considered a single technology. Twenty-three concepts were developed (Figure 5-1; Table 5-1). The 

candidates were developed based on topographical maps of the Project and local area with the aim of 

identifying suitable terrain for the tailings technology, minimizing the size of the upstream catchment and 

providing sufficient storage capacity (tailings and PAG/NAG3 waste rock) for the duration of the Project.  

Detailed description of the construction approach, operation approach (i.e., tailings storage concept, 

location, and method of waste delivery), and closure approach for each candidate is summarized in 

Table 5-1 (see also Appendix E and Knight Piésold 2015b). 
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Figure 5-1: Candidate Tailings Disposal Alternative Locations
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BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Table 5-1: Candidate Tailings Disposal Alternatives 

Candidate 

Alternatives 

Location Tailings 

Storage 

Technology 

PAG/NAG3 

Disposal1 

Construction and Operation Approach Closure Approach 

1 Upper reaches of the 

Davidson Creek catchment 

Thickened-

slurry tailings 

Submerged 

co-disposal with 

tailings 

Storage of thickened-slurry tailings and PAG/NAG3 waste rock in a saturated 

condition in one impoundment; the impoundment will be created in a staged manner 

consisting of two nested TSF sites (Sites C and D). 

An overburden cover of at least 0.3 m would be established over the PAG/NAG3 WRSF and 

tailings. Wetlands would be established and upland beaches would be vegetated. 

The tailings supernatant pond would be maintained at its final level while pumping excess 

inflows to the open pit to accelerate filling of the pit lake. A riprap lined closure spillway sized 

for the PMF would be established towards Davidson Creek with an additional emergency 

spillway for each of the saddle embankments. 

2 South side of Mount 

Davidson in the upper 

reaches of an unnamed 

tributary of the Blackwater 

River 

Thickened-

slurry tailings  

Submerged 

co-disposal with 

tailings 

Storage of thickened-slurry tailings and PAG/NAG3 waste rock in a saturated 

condition in one impoundment; the impoundment will be created by constructing 

two large dams on the east and west sides, and will be constrained by natural 

topography to the north and south. 

A rock closure spillway would be constructed to direct water from the TSF dams to Davidson 

Creek. A 0.3 m overburden layer would be used as cover for tailings within the TSF dams to 

provide physical separation from the water column, thereby minimizing contamination of 

surface water discharged from the TSF dams post closure. The tailings areas of the dams 

would maintain a 1 m freeboard. 

3 West side of Mount 

Davidson within the 

headwaters of 

Mathews Creek 

Thickened-

slurry tailings 

Submerged 

co-disposal with 

tailings 

Storage of thickened-slurry tailings and PAG/NAG3 waste rock in a saturated 

condition in one impoundment; the impoundment will be created by constructing 

two large dams on the north and south sides, and will be constrained by natural 

topography to the east and west. 

A rock closure spillway would be constructed to direct water from the TSF dams to the 

Blackwater River. A 0.3 m overburden layer would be used as cover for tailings within the 

TSF dams to provide physical separation from the water column, thereby minimizing 

contamination of surface water discharged from the TSF dams post closure. The tailings 

areas of the dams would maintain a 1 m freeboard. 

4 Located on the north slope 

of Mount Davidson in the 

upper reaches of the Creek 

661 watershed 

Thickened-

slurry tailings 

Submerged 

co-disposal with 

tailings 

Storage of thickened-slurry tailings and PAG/NAG3 waste rock in a saturated 

condition in one impoundment; the impoundment will be created by constructing a 

three-sided main dam wrapping the facility, and is constrained by topography to 

the southwest. 

An overburden cover of at least 0.3 m would be established over the PAG/NAG3 WRSF and 

tailings. Wetlands would be established and upland beaches would be vegetated. The 

tailings supernatant pond would be maintained at its final level while pumping excess inflows 

to the open pit to accelerate filling of the pit lake. A riprap lined closure spillway sized for the 

PMF would be established towards Creek 661. 

5 Top of the Davidson Creek 

catchment 

Filtered 

tailings 

On-land co-disposal 

with tailings 

Filtered tailings and PAG/NAG3 waste rock will be stacked on-land in a single 

combined waste pile in a partially saturated condition; waste rock and filtered 

tailings will be disposed of together leading to a mixed mass of tailings and waste 

rock. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 waste rock 

dump and at least 2 m over the filtered tailings. Wetlands would be established and upland 

beaches would be vegetated. 

6 Upper reaches of the 

Davidson Creek catchment 

Filtered 

tailings  

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a side hill arrangement in 

a partially saturated condition; PAG/NAG3 waste rock will be submerged in an 

impoundment positioned downstream of the filtered tailings waste pile and will be 

contained by a dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek. 

7 Upper reaches of the 

Davidson Creek catchment 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a heaped valley fill 

arrangement in a partially saturated condition; PAG/NAG3 waste rock will be 

submerged in an impoundment positioned downstream of the filtered tailings waste 

pile and will be contained by a dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek. 

8 Upper reaches of the Creek 

661 catchment 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a side hill arrangement; PAG/NAG3 waste rock will be submerged in an 

impoundment positioned in the adjacent Davidson Creek catchment located to the 

northwest of the filtered tailings waste pile and will be contained by two small dams 

and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments. 

9 Upper reaches of the 

Davidson Creek catchment 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a side hill arrangement in a 

partially saturated condition; PAG/NAG3 waste rock will be submerged in an 

impoundment positioned directly upstream of the filtered tailings waste pile and will 

be contained by two small dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments. 
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BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Candidate 

Alternatives 

Location Tailings 

Storage 

Technology 

PAG/NAG3 

Disposal1 

Construction and Operation Approach Closure Approach 

10 Upper reaches of the 

Davidson Creek catchment 

Ultra-

thickened 

(paste) 

tailings 

Submerged 

co-disposal with 

tailings 

Paste tailings and PAG/NAG3 waste rock will be permanently stored in a saturated 

condition in one impoundment; impoundment will be created by constructing two 

small dams and one large dam (Main Dam) across Davidson Creek. 

Selective discharge of thickened (not paste) tailings from dam crests around the facility 

during the final years of operations to fill in low spots and facilitate surface water 

management and reclamation. An overburden cover of at least 0.3 m would be established 

over the PAG/NAG3 WRSF and exposed tailing beaches. Wetlands would be established 

and upland beaches would be vegetated. A riprap lined closure spillway sized for the PMF 

would be established towards Davidson Creek with an additional emergency spillway for 

each of the saddle embankments. 

11 Lake (or combination of 

lakes) surrounding the 

Project location 

Slurry tailings Submerged 

disposal in separate 

impoundment 

Slurry tailings will be pumped to more than one nearby lake, as none of the nearby 

lakes have sufficient capacity to store life of mine tailings; PAG/NAG3 waste rock 

will be submerged in an impoundment positioned near the mine site area and will be 

contained by two small dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF. 

Wetlands would be established and upland beaches would be vegetated. A riprap lined 

closure spillway sized for the PMF would be established towards Davidson Creek with an 

additional emergency spillway for each of the saddle embankments. A water cover over the 

tailings in each of the lakes would form to cover the tailings placed in each basin. 

12 West of Kuyakuz Lake in 

the upper reaches of the 

Chedakuz Creek catchment 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a side hill arrangement; PAG/NAG3 waste rock will be submerged in an 

impoundment positioned near the mine site area and will be contained by two small 

dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments. 

13 Upper reaches Turtle Creek 

catchment 

Thickened-

slurry tailings 

Submerged 

disposal in separate 

impoundment 

Thickened-slurry tailings will be permanently stored in a saturated condition in a 

TSF away from the mine site; PAG/NAG3 waste rock will be submerged in an 

impoundment positioned near the mine site area and will be contained by two small 

dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 0.3 m over the tailings. Wetlands would be established and upland beaches would be 

vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. The tailings facility will have a separate PMF spillway towards Turtle 

Creek, with an additional emergency spillway for the second embankment.  

14 Upper reaches Turtle Creek 

catchment 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a side hill arrangement and positioned to the south of Turtle Creek; 

PAG/NAG3 waste rock will be submerged in an impoundment positioned near the 

mine site area and will be contained by two small dams and one large dam across 

Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility.  

15 Upper reaches of an 

unnamed catchment north 

of Turtle Creek 

Thickened-

slurry tailings 

Submerged 

disposal in separate 

impoundment 

Thickened-slurry tailings will be permanently stored in a saturated condition in a 

TSF north of Turtle Creek; PAG/NAG3 waste rock will be submerged in an 

impoundment positioned near the mine site area and will be contained by two small 

dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 0.3 m over the tailings. Wetlands would be established and upland beaches would be 

vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. The tailings facility will have a separate PMF spillway towards the 

drainage of the unnamed catchment. 

16 Lower reaches of the 

Chedakuz Creek catchment 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a heaped arrangement and positioned to the west of Chedakuz Creek; 

PAG/NAG3 waste rock will be submerged in an impoundment positioned near the 

mine site area and will be contained by two small dams and one large dam across 

Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. 

17 Upper reaches of an 

unnamed tributary to lower 

Chedakuz Creek 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a valley-fill arrangement near Chedakuz Creek; PAG/NAG3 waste rock 

submergence impoundment will be positioned near the mine site area and will be 

contained by two small dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. 
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Assessment of Alternatives for Mine Waste Disposal 

STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Candidate 

Alternatives 

Location Tailings 

Storage 

Technology 

PAG/NAG3 

Disposal1 

Construction and Operation Approach Closure Approach 

18 South of Tatelkuz Lake in 

the middle reaches of 

several unnamed drainages 

reporting directly to 

Tatelkuz Lake 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a side hill arrangement south of Tatelkuz Lake; PAG/NAG3 waste rock 

will be submerged in an impoundment positioned near the mine site area and will be 

contained by two small dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. 

19 Southwest of Kuyakuz Lake 

in the upper reaches of an 

unnamed tributary to the 

Blackwater River 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a side hill arrangement southwest of Kuyakuz Lake; PAG/NAG3 waste 

rock will be submerged in an impoundment positioned near the mine site area and 

will be contained by two small dams and one large dam across Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. 

20 Davidson Creek and Turtle 

Creek catchments 

Filtered 

tailings 

On-land disposal in 

separate 

impoundment 

Filtered tailings will be stacked in four separate waste piles spread over a distance 

of 5 km in Davidson and Turtle Creek catchments in order to avoid major surface 

drainages; PAG and NAG3 waste rock will be stored an engineered surface 

containment located in upper reaches of Davidson Creek and Creek 661. 

An overburden cover of at least 2 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. 

21 South side of Mount 

Davidson in the upper 

reaches of an unnamed 

tributary of the Blackwater 

River 

Filtered 

tailings 

Submerged 

disposal in separate 

impoundment 

Filtered tailings will be stacked in a waste pile on land in a partially saturated 

condition in a side hill arrangement on the south side of Mount Davidson; 

PAG/NAG3 waste rock will be submerged in an impoundment positioned near the 

mine site area and will be contained by two small dams and one large dam across 

Davidson Creek. 

An overburden cover of at least 1 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the PAG facility. 

22 Top of the Davidson Creek 

catchment 

Filtered 

tailings 

On-land disposal in 

separate 

impoundment 

Filtered tailings and PAG/NAG3 waste rock will be stacked on land in separate 

waste piles in a partially saturated condition; PAG and NAG3 waste rock will be 

stored in an engineered surface containment located west of the open pit. 

An overburden cover of at least 2 m would be established over the PAG/NAG3 WRSF and at 

least 2 m over the filtered tailings. Wetlands would be established and upland beaches would 

be vegetated. 

23 Upper reaches of the 

Davidson Creek catchment 

Thickened-

slurry tailings 

On-land disposal in 

separate 

impoundment 

Storage of thickened-slurry tailings in saturated condition in one impoundment; 

tailings impoundment will be created by constructing a two-sided main dam, and is 

constrained by topography to the south and west; PAG and NAG3 waste rock will 

be stored in an engineered surface containment located west of the open pit 

excavation. 

An overburden cover of at least 2 m would be established over the PAG/NAG3 WRSF and at 

least 0.3 m over the tailings. Wetlands would be established and upland beaches would be 

vegetated. A riprap lined closure spillway sized for the PMF would be established towards 

Davidson Creek with an additional emergency spillway for each of the saddle embankments 

at the tailings facility. 

Source: Knight Piésold (2015b, 2021c) 

Notes:  

PAG = Potentially Acid Generating; NAG = Non-Acid-Generating; WRSF = Waste Rock Storage Facility; PMF = Probably Maximum Flood 
1 PAG/NAG3 Waste Rock disposal technique: ‘submerged’ in an impoundment, or placed in an ‘on-land’ WRSF. 
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6. STEP 2: PRE-SCREENING ASSESSMENT 

The second step of the alternatives assessment screens the candidate alternatives to create a set of 

appropriate and manageable, sufficiently detailed alternatives. The objective of this step is to optimize the 

decision making process by not evaluating alternatives that have critical flaws. Critical flaws are defined 

as un-mitigatable and unavoidable issues that are so unfavourable as to eliminate an alternative as a 

viable option. This step removes from further consideration the alternatives that are non-compliant with 

certain minimum specifications developed for the Project. Step 2A has been added to provide a high level 

risk assessment and screen candidates considered to have significant risk to the Project based on BAT 

and BAP. 

6.1 Screening Criteria 

Candidates which provide a YES response to at least one of the following pre-screening criteria have 

deficiencies which warrant removal from further analysis: 

1. Will the candidate result in deposition of tailings into a fish-bearing lake? 

2. Will the candidate be located in the Blackwater River watershed? 

3. Will the candidate be located in Ungulate Winter Range? 

4. Will the candidate encroach on provincially or federally designated lands and/or private lands? 

5. Will the candidate have insufficient capacity to store waste produced during the mine life?  

6. Will the candidate render collection and treatment of surface discharges impractical or improbable? 

Table 6-1 provides a summary of the application of these criteria to each candidate option. Rationale for 

selection of the criteria and which candidates meet the criteria are provided below. 

6.1.1 Will the candidate result in deposition of tailings into a fish-bearing 
lake? 

Environment and Climate Change Canada makes note in the initial context of the Guidelines that: 

It is expected that natural water bodies frequented by fish shall be avoided to the extent 

practicable for the long-term disposal of mine waste; and that mine waste shall be managed 

to ensure the long-term protection of Canada's terrestrial and aquatic environment. 

In the interest of preserving large water bodies (i.e., lakes) frequented by fish, BW Gold has chosen to 

eliminate any candidate option that makes use of a fish-bearing lake for tailings storage. 

Candidate 11 meets this criterion and is eliminated from further consideration in this assessment 

(Table 6-1). 

6.1.2 Will the candidate be located within the Blackwater River watershed? 

The Blackwater River is a Heritage River under the BC Heritage Rivers System (BC MOE 2010). The 

BC Heritage Rivers System showcases outstanding examples of a representative range of BC’s most 

important waterways. Although, not having legal status, the designation serves to provide greater emphasis 

on river-related values during land-use planning and to protect the special values of the river. The Heritage 

Rivers system aims to raise awareness on the importance of healthy river systems and to build public 

support for stewardship of designated rivers. BW Gold respects the intended purpose of the Heritage River 

designation and has chosen not to develop mine infrastructure within the Blackwater River drainage.  
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Candidates 2, 19, and 21 meet this criterion and are therefore excluded from further consideration in this 

assessment (Table 6-1). 

6.1.3 Will the candidate be located in Ungulate Winter Range? 

Ungulate Winter Range (UWR) is defined as an area that contains habitat that is necessary to meet the 

winter habitat requirements of an ungulate species. Sections 9 and 12 of the Government Actions 

Regulation (BC Reg 582/2004) of the Forest and Range Practices Act (2002c) outline the regulatory 

authority for establishing UWR. Ungulate Winter Range has legally established objectives and practices 

with which most commercial and industrial operations must be consistent. 

The Project is adjacent to UWR #U-7-012, which is winter habitat used by the Tweedsmuir-Entiako 

Northern Caribou herd (Ecofor 2013). These Northern Caribou are listed on Schedule 1 of the Species at 

Risk Act (2002a) as Threatened. The legal direction for the Tweedsmuir-Entiako Northern Caribou herd 

comes from the document Order – Ungulate Winter Range #U-7-012 dated December 30, 2005 (the 

Order). Mineral exploration and development activities are exempt from requirements to manage Northern 

Caribou through Section 6 of the Order: 

[T]he general wildlife measures outlined in Schedule 1 do not apply for the purposes of 

exploration, development and production activities when these activities have been 

authorized for the purpose of subsurface resource exploration, development or production 

by the Mineral Tenure Act, the Coal Act, the Mines Act, the Petroleum and Natural Gas Act, 

the Pipeline Act or the Geothermal Resources Act. 

In concordance with the Northern Caribou Management Plan (Ecofor 2013), BW Gold has chosen to 

eliminate any candidate that overlaps with the Mt. Davidson High Elevation Ungulate Winter Range 

(HE-UWR) from further consideration.  

Candidates 3 and 17 overlap HE-UWR, and are therefore excluded from further consideration in this 

assessment (Table 6-1). 

6.1.4 Will the candidate encroach on provincially or federally designated 
lands and/or private lands? 

BW Gold has chosen to eliminate any candidate that overlaps with provincially or federally designated 

lands (e.g., provincial parks and protected areas, federal parks, Indian Reserves) and/or private lands 

(e.g., fee simple lands) from further consideration.  

None of the candidates overlap provincially or federally designated lands and/or private lands. 

6.1.5 Will the candidate have insufficient capacity to store waste produced 
during the mine life?  

The use of several distinct tailings storage facilities to manage mine waste for the Project was considered 

grounds for exclusion of that candidate from further consideration. This practice, unless it is based on a 

good rationale such as separation of tailings streams or distance between satellite ore bodies, increases 

the construction, operational, and closure and post-closure complexities and risk of accidents/failures 

(e.g., tailings pipeline breaks) for the Project.  

Candidates 11 and 20 do not have sufficient capacity to store life of mine waste and would therefore 

require separate TSFs and are therefore excluded from further consideration in this assessment.  
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Table 6-1: Results of the Pre-screening Assessment 

Pre-screening Criteria Rationale Candidate Alternative 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Will the candidate deposit 

tailings into a fish-bearing 

lake? 

In the interest of preserving large water bodies (i.e., lakes) 

frequented by fish, BW Gold has chosen to eliminate any candidate 

option that makes use of a fish-bearing lake for tailings storage. 

No No No No No No No No No No Yes No No No No No No No No No No No No 

Will the candidate be 

located in the Blackwater 

River watershed? 

The BC Heritage Rivers System showcases outstanding examples of 

a representative range of BC’s most important waterways. Therefore, 

BW Gold respects the intended purpose of the Heritage River 

designation and has chosen not to develop mine infrastructure within 

the Blackwater River drainage. 

No Yes No No No No No No No No No No No No No No No No Yes No Yes No No 

Will the candidate be 

located in an area of 

Ungulate Winter Range 

(UWR)? 

In concordance with the Northern Caribou Management Plan, BW 

Gold has chosen to eliminate any candidate that overlaps with UWR 

from further consideration. 

No No Yes No No No No No No No No No No No No No Yes No No No No No No 

Will the candidate encroach 

on provincially or federally 

designated lands and/or 

private lands? 

BW Gold has chosen to eliminate any candidate that overlaps with 

provincially or federally designated lands (e.g., provincial parks and 

protected areas, federal parks, Indian Reserves) and/or private lands 

(e.g., fee simple lands) from further consideration. 

No No No No No No No No No No No No No No No No No No No No No No No 

Will the candidate have 

insufficient capacity to store 

waste produced during the 

mine life? 

The use of several distinct tailings storage facilities to manage mine 

waste for the Project increases the construction, operational, and 

closure and post-closure complexities and risk of accidents/failures 

(e.g., tailings pipeline breaks) for the Project.  

No No No No No No No No No No Yes No No No No No No No No Yes No No No 

Will the candidate render 

collection and treatment of 

surface discharges 

impractical or improbable? 

Excess inflow to the TSF may result in a discharge of tailings pond 

supernatant that could reasonably be expected to require treatment 

during operations prior to release. Moreover, runoff has the capacity 

to mobilize tailings solids into suspended sediment, and if the runoff 

cannot reasonably be collected then tailings mobilization to the 

downstream receiving environment could occur. 

No No No No No No No Yes Yes No No No No No No No No Yes No Yes No No No 

Should the alternative be assessed further? Yes No No Yes Yes Yes Yes No No Yes No Yes Yes Yes Yes Yes No No No No No Yes Yes 
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6.1.6 Will the candidate render collection and treatment of surface discharges 
impractical or improbable?  

The location and layout of a candidate should not position mine facilities in a way that eliminates the 

ability to capture and treat, if necessary, the tailings facility site runoff generated during the design flood 

event. Excess inflow to the TSF may result in a discharge of tailings pond supernatant that could 

reasonably be expected to require treatment during operations prior to release. Moreover, runoff has the 

capacity to mobilize tailings solids into suspended sediment, and if the runoff cannot reasonably be 

collected then tailings mobilization to the downstream receiving environment could occur. 

Candidates 8, 9, 18, and 20 were considered to meet this criterion and were excluded from further 

consideration in this assessment.  

6.2 Pre-screening Results 

Ten of the candidates met one or more of the above criteria, and are therefore excluded from further 

consideration in this assessment. Candidates 2, 3, 8, 9, 11, 17, 18, 19, 20, and 21 met at least one of the 

screening criteria. Thirteen candidates passed the pre-screening step and were carried through to a high 

level risk assessment. Candidates 1, 4, 5, 6, 7, 10, 12, 13, 14, 15, 16, 22, and 23 were carried forward. 

The results of the pre-screening assessments are summarized in Table 6-1. 

6.3 Step 2A: High Level Risk Assessment 

The purpose of the Step 3 – High Level Risk Assessment (HLRA) was to compare the relative risks for 

similar candidates, and to identify the best candidate (i.e., lowest risk) for the different tailings technologies 

evaluated here (Knight Piésold 2015b; Appendix E). The two technology categories were: 

 slurry tailings, consisting of the remaining thickened-slurry and paste candidates (Candidates 1, 4, 10, 

13, 15, and 23); and 

 filtered tailings, consisting of the remaining filtered candidates (Candidates 5, 6, 7, 12, 14, 16, and 22). 

A third category was included, notwithstanding the above, that considered the most “physically stable” 

candidates. These candidates involved filtered tailings technology where PAG/NAG3 waste rock will be 

disposed of in an on-land dump, and water will be stored separately from mine waste (Candidates 5 and 

22). This category directly addresses the foremost importance of physical stability of Section 9.3.3 of the 

Panel Report (IEEIRP 2015). 

This third category also addresses the three principles of BAT through mechanical dewatering and 

placement of tailings, and separation of mine waste and water management facilities. The three BAT 

principles are found in Section 9.3.1 of the Panel Report (IEEIRP 2015): 

1. Eliminate surface water from the impoundment. 

2. Promote unsaturated conditions in the tailings with drainage provisions. 

3. Achieve dilatant conditions throughout the tailings deposit by compaction. 

Storage strictly in this manner will not prevent the onset of acidic drainage conditions, but rather will rely 

on collection and treatment to manage the associated environmental risks.  

6.3.1 Risk Assessment Methodology  

The HLRA performed for this assessment defines risk as the product of likelihood and consequence. 

Likelihood and consequence definitions used for the HLRA are provided in Tables 6.3-1 and 6.3-2, 
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respectively. The ultimate consequence rating for each hazard was based on the worst rating in 

each category. 

Table 6.3-1: Likelihood Categories for High Level Risk Assessment 

Score Descriptor  Frequency 

1 Very Rare Possible but only in extreme circumstances Less than one event per 1000 years 

2 Unlikely Has not happened but could Less than one event per 100 years 

3 Possible Could happen and has happened elsewhere Less than one event per 20 years 

4 Likely Could easily happen Less than one event per year 

5 Almost Certain Happens often More than one event per year 

Source: Knight Piésold (2015b) 

Table 6.3-2: Consequence Categories for High Level Risk Assessment 

Score Descriptor Environment Aboriginal Rights and Title Business Damage 

Loss 

1 Insignificant Limited short-term 

effect in small or 

previously 

disturbed areas 

There is no change in the 

abundance of resources or to the 

availability of land typically 

accessed for the purpose of 

undertaking traditional Aboriginal 

land use activities 

< 6 hour 

production 

delay 

< $0.5 M 

2 Minor Small short-term 

effect on part of 

ecosystem 

There is no change in the 

abundance of resources or to the 

availability of land typically 

accessed for the purpose of 

undertaking traditional Aboriginal 

land use activities 

> 6 hour 

< 24 hour 

production 

delay 

$0.5 - $2 M 

3 Moderate Moderate 

short-term effects 

affecting part of 

ecosystem 

An area of land (including 

waterbodies) or a natural resource 

typically accessed by an Aboriginal 

group for the purpose of pursuing 

land use activities is unavailable in 

the short- to medium-term 

> 1 day 

< 1 week 

production 

delay 

$2 - $10 M 

4 Major Serious 

medium-term 

environmental 

impact, affecting 

whole ecosystem 

An area of land (including 

waterbodies) or a natural resource 

typically accessed by an Aboriginal 

group for the purpose of pursuing 

land use activities is unavailable for 

an extended period of time 

> 1 week 

< 1 month 

production 

delay 

$10 - $50 M 

5 Catastrophic Irreparable 

damage, very 

serious long-term 

impairment, 

affecting whole 

ecosystem 

An area of land (including 

waterbodies) or a natural resource 

typically accessed by an Aboriginal 

group for the purpose of pursuing 

land use activities is unavailable for 

the foreseeable future 

> 1 month 

production 

delay 

> $50 M  

Source: Knight Piésold Ltd. (2015b) 
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6.3.2 Hazard Identification 

Candidates were analyzed based on specific defined hazards applying to each alternative with respect to 

safety, environment, and technical execution. The hazards applying to each candidate were grounded in 

specific engineering and environmental issues which will pose the greatest risks. Each candidate was 

evaluated against reasonably similar hazards to create a meaningful comparison of relative risk.  

Safety  

Potential for loss of containment of mine waste and/or mine water for all options for tailings and waste 

rock management. This hazard is often described as a dam breach for a water containing facility; 

however a similar hazard also exists for a waste pile (tailings and/or waste rock). Safety of the waste pile 

will consider downstream impacts and resulting consequences of failure to provide a consistent basis of 

comparison with a tailings impoundment. Safety hazards were considered separately for mining dams, 

filtered tailings waste piles, and water retaining dams: 

 Mining dams – Loss of containment resulting from failure of a mining dam confining tailings and/or 

waste rock and water could lead to discharge of free water from the facility. Free water will then 

mobilize solids, including tailings and/or waste rock from the impoundment and construction material 

from the dam itself. Failure of an earthen dam typically occurs over a matter of minutes to hours with 

a flood wave rising as the breach develops, peaking at some point during discharge and then 

receding as the flood wave subsides. A flood wave will propagate downstream of the dam causing 

significant erosion and inundating the downstream receiving environment. 

 Filtered tailings waste piles – Tailings slumping could occur from loading of an inadequately 

compacted or high moisture content area of filtered tailings, slope failure, and foundation failure. 

A significant storm event could also cause erosion with runoff mobilizing tailings from the waste pile. 

The resulting consequences downstream will depend on the magnitude of the movement or the storm 

event, and the infrastructure downstream of the waste pile. 

 Any water collection ponds located downstream of a filtered tailings waste pile will be at risk of 

overtopping due to tailings slumping, displacement of water, and a resulting wave. Loss of 

containment of a water pond due to overtopping from a tailings slump could also lead to release of 

the slumped tailings solids. A storm event generating runoff from the waste pile could lead to the 

release of tailings solids downstream if the storm event exceeds the storage capacity of the 

downstream water management structures. 

 Water retaining dams – Loss of containment of a water retaining dam due to piping, slope failure, 

foundation failure, or earthquake deformation could lead to discharge of mine water. The free water 

will mobilize construction material from the dam itself. The failure will cause a flood wave that will 

propagate downstream of the dam causing significant erosion and inundating the downstream 

receiving environment. The resulting failure will be a similar to a mining dam, but without significant 

mobilization of mine waste material. The downstream consequences will be due to the impacts from 

the quality of water released and from flooding and downstream erosion. 

Environment  

The hazard considered for each candidate was based on the potential for unplanned loss or discharge of 

effluent. This hazard applies to all candidates and includes unplanned spilling from an environmental 

control dam spillway, unplanned discharge from a water treatment facility and/or tailings pipeline rupture 

leading to loss of tailings to the environment. In particular, the risk of ML/ARD was evaluated.  

 ML/ARD – In the Application/EIS, PAG waste rock generated through mining is to be flooded within 

about 1 year in order to prevent ARD. NAG3 waste rock is to be flooded within about 3 to 5 years to 
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minimize ML. The acid generating potential of the PAG waste rock and significant ML release from 

NAG3 waste rock can be mitigated by submergence (i.e., reduction of oxygen transfer). The study 

includes options for comparison that consider subaerial and unsaturated storage of these waste rock 

types in on-land mine waste piles. Storage in this latter manner will not prevent the onset of acidic 

drainage and metal leaching conditions, but rather will rely on collection and treatment to manage 

the environmental risks associated with these candidates. The consequences of failure to collect or 

properly treat contaminated water are exacerbated for these candidates. 

 Technical execution – The hazard considered for each candidate was based on the application of 

complex technology resulting in an inability to meet design criteria. A single hazard related to the 

majority of the candidates and involved difficult implementation of the design due to a failure of 

tailings management, distribution and/or placement. This hazard includes the difficulty associated 

with co disposal of mine waste rock with tailings if applicable. 

6.3.3 High Level Risk Assessment Results 

6.3.3.1 Risk Summaries 

Tables 6.3-3 and 6.3-4 present summaries of the risk assessment for the 13 candidates being assessed 

in the HLRA. 

6.3.3.2 Risk Results 

Thickened Slurry Candidates 

Summaries of the risk scores for safety, environment, and technical execution are presented in 

Table 6.3-5. Candidate 1 has the lowest total risk score of the slurry tailings candidates, as well as 

the lowest risk score for each of the hazard categories. Candidate 1 will advance to the MAA. 

Filtered Candidates 

Summaries of the risk scores for safety, environment, and technical execution for filtered candidates are 

presented in Table 6.3-6. Candidate 7 has the lowest overall score (tied with Candidate 22; see Section 

6.3.2.3) and the lowest score with respect to the environmental hazard. Candidate 7 was the selected 

filtered tailings candidate to carry into the MAA.  

Physical Stability Candidates 

Summaries of the risk scores for safety, environment, and technical execution for on-land candidates are 

presented in Table 6.3-7. Candidate 22 has the lowest overall score and the lowest score with respect to 

the technical execution. Candidate 22 was the selected filtered tailings candidate to carry into the MAA.  

Paste Candidate 

The results of the HLRA were presented to the WG in a meeting on August 13, 2015. A request was 

provided to New Gold by Ministry of Energy and Mines (MEM) following that meeting to consider including 

Candidate 10 in the MAA because it could be argued that the paste option differs from the other 

thickened-slurry and filtered tailings technologies. Therefore, New Gold included Candidate 10 into 

the subsequent MAA analyses. 
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Table 6.3-3: High Level Risk Assessment: Risk Assessment Summary – Thickened Slurry/Paste Tailings Candidates 

Candidate Safety Environment Technical Execution Summary1 

1 

(Thickened - 

Slurry Tailings/ 

Submerged 

PAG/NAG3) 

Likelihood A flood wave in Davidson Creek and lower Chedakuz Creek resulting from a 

breach of the dam impounding tailings and PAG waste rock will pose the 

greatest safety risk for the candidate. A breach of this nature will require a 

physical failure of the dam. The likelihood of failure of the dam and loss of 

containment was classified as very rare (1) because it is designed for 

maximum credible events MCE and PMF) and the tailings beach will provide 

separation of the supernatant pond from the dam. 

A loss of dam runoff and seepage from the seepage collection 

pond downstream of the TSF will pose the greatest environmental 

risk for the candidate. A loss of effluent from the seepage 

collection pond downstream of the TSF will require a storm event 

greater than allowed for in design storage requirements and will 

require that the effluent during that storm is of degraded quality. 

The likelihood was classified as unlikely (2) corresponding to a 

discharge during a storm event with a return period greater than 1 

in 100 years. 

A failure to meet design requirements for tailings facility filling and 

beach development will pose the greatest technical risk for the 

candidate. A beach will be developed upstream of the dam while 

maintaining an appropriate level of freeboard. Issues with 

development of the beach could occur during the mine life, 

especially during the early years of operation of Site D, and were 

classified as likely (4). 

 

Consequence A discharge of mine waste and water causing a flood wave has the potential 

to create irreparable damage and serious long term impairment to the 

downstream environment due to the presence of PAG/NAG3 materials within 

the impoundment. This could leave the area directly downstream unavailable 

for traditional land use activities for the foreseeable future and have short- to 

medium-term effects further downstream. The consequence of occurrence 

was classified as catastrophic (5). 

Submergence within the TSF will limit the ML and ARD potential 

of the PAG/NAG3 waste rock thereby controlling seepage quality. 

Any elevated parameters of concern would be heavily diluted by 

inflows. The potential consequences would be short-term and 

limited to a small area of Davidson Creek and were classified as 

minor (2). 

Tailings discharge locations could be easily modified or alterations to 

the spigot locations implemented to manage the beach location 

while operations continue. The consequences were classified as 

insignificant (1). 

Risk rating2 5 4 4 13 

4 

(Thickened - 

Slurry Tailings/ 

Submerged 

PAG/NAG3) 

Likelihood A flood wave in Creek 661 and Tatelkuz Lake resulting from a breach of the 

mining dam impounding tailings and PAG waste rock will pose the greatest 

safety risk for the candidate. A breach of this nature will require a physical 

failure of the dam. The likelihood of failure of the dam and loss of 

containment was classified as very rare (1) because it is designed for 

maximum credible events (MCE and PMF) and the tailings beach will provide 

separation of the supernatant pond from the dam. 

A loss of dam runoff and seepage from one of the seepage 

collection ponds downstream of the TSF will pose the greatest 

environmental risk for the candidate. A loss of effluent from the 

seepage collection ponds will require a storm event greater than 

allowed for in design storage requirements and will require that 

the effluent during that storm is of degraded quality. The 

likelihood was classified as possible (3) corresponding to a 

discharge during a storm event with a return period greater than 1 

in 20 years. 

A failure to meet design requirements for tailings facility filling and 

beach development will pose the greatest technical risk for the 

candidate. A beach will be developed upstream of the dam while 

maintaining an appropriate level of freeboard. Issues with 

development of the beach could occur during the mine life due to the 

rate of rise and shape of the facility, and were classified as likely (4). 

 

Consequence A discharge of mine waste and water causing a flood wave has the potential 

to create irreparable damage and serious long-term impairment to the 

downstream environment due to the presence of PAG/NAG3 materials within 

the impoundment. This could leave the area directly downstream unavailable 

for traditional land use activities for the foreseeable future and have short to 

medium term effects further downstream. The consequence of occurrence 

was classified as catastrophic (5). 

Submergence within the TSF will limit the ARD potential of the 

PAG waste rock thereby controlling seepage quality. The 

potential consequences would be short-term and limited to a 

small area of Creek 661 and were classified as minor (2). 

Tailings discharge locations could be modified but the shape of the 

facility cannot without substantial business impacts. The 

consequence was classified as minor (2) representing periodic day 

long shutdowns to regain control of beach development 

Risk rating 5 6 8 19 
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Candidate Safety Environment Technical Execution Summary1 

10 

(Paste 

Tailings/ 

Submerged 

PAG/NAG3) 

Likelihood A flood wave in Davidson Creek and lower Chedakuz Creek resulting from a 

breach of the dam impounding paste tailings and PAG/NAG3 waste rock will 

pose the greatest safety risk. A breach of this nature will require a physical 

failure of the dam. The likelihood of failure of the dam and loss of 

containment could be considered rare because it is designed for maximum 

credible events (MCE and PMF); however, it is somewhat more susceptible 

to failure since there is no tailings beach and embankment deformation 

impacting available freeboard could result in an overtopping failure. 

Therefore, the likelihood was classified as unlikely (2). 

A loss of dam runoff and seepage from the seepage collection 

pond downstream of the waste rock submergence impoundment 

will pose the greatest environmental risk for the candidate. The 

likelihood was classified as unlikely (2) corresponding to a 

discharge during a storm event with a return period greater than 1 

in 100 years. 

A failure to achieve the design level of thickening will pose the 

greatest technical risk for the candidate. A reduction in the level of 

thickening could result in generation of supernatant water at the 

surface of the facility leading to a larger than anticipated pond 

volume. It is expected that difficulties with thickening will be 

likely (4), occurring multiple times through the mine life. 

 

Consequence A discharge of mine waste and water causing a flood wave has the potential 

to create irreparable damage and serious long term impairment to the 

downstream environment due to the presence of PAG/NAG3 materials within 

the impoundment. This could leave the area directly downstream unavailable 

for traditional land use activities for the foreseeable future and have short to 

medium term effects further downstream. The consequence of occurrence 

was classified as catastrophic (5). 

Any elevated parameters of concern would be heavily diluted by 

inflows. The potential consequences would be short-term and 

limited to a part of Davidson Creek and were classified as minor 

(2). 

The effect of reduced thickening will be minor (2), as short delays to 

production may be required for maintenance of the plant. The TSF 

could be dewatered to manage excess water or the location of 

spigots changed to provide better coverage of PAG/NAG3 waste 

rock in the event of thickening issues. 

Risk Rating 10 4 8 22 

13 

(Thickened - 

Slurry Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood The candidate will have a TSF located in the upper reaches of Turtle Creek, 

with a second impoundment near the mine site for submergence of 

PAG/NAG3 waste rock. A flood wave in Davidson Creek or Turtle Creek and 

lower Chedakuz Creek resulting from a breach of either facility will pose the 

greatest safety risk for the candidate. A breach of this nature will require a 

physical failure of the dam. The likelihood of failure of the dam and loss of 

containment could be considered rare because it is designed for maximum 

credible events (MCE and PMF); however, it is somewhat more susceptible 

to failure since there are two facilities separated by a large distance. 

Therefore, the likelihood was classified as unlikely (2). 

A loss of tailings from the pipeline leading to the storage facility 

on Turtle Creek will pose the greatest environmental risk for the 

candidate. Drain back ponds will be constructed at regular 

intervals along the pipeline corridor, however breakage at an 

unanticipated location is considered possible (3). 

A failure to meet design requirements for tailings facility filling and 

beach development will pose the greatest technical risk for the 

candidate. A beach will be developed upstream of the dam while 

maintaining an appropriate level of freeboard. Issues with 

development of the beach could occur during the mine life and were 

classified as likely (4). 

 

Consequence The consequence of occurrence was classified as catastrophic (5) due to 

the potential for loss of mine waste and water. 

A loss of tailings could result in moderate (3) impacts with short 

to medium term effect on the local ecosystem and impacts to 

traditional land use activities. 

Tailings discharge locations could be easily modified or alterations to 

the spigot locations implemented to manage the beach location 

while operations continue. The consequence was classified as 

insignificant (1). 

Risk Rating 10 9 4 23 

15 

(Thickened - 

Slurry Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood The candidate will have a TSF located in the upper reaches of an unnamed 

catchment north of Turtle Creek, with a second impoundment near the mine 

site for submergence of PAG/NAG3 waste rock. A flood wave in Davidson 

Creek and/or Chedakuz Creek resulting from a breach of either facility will 

pose the greatest safety risk. A breach of this nature will require a physical 

failure of the dam. The likelihood of failure of the dam and loss of 

containment could be considered rare because it is designed for maximum 

credible events (MCE and PMF); however, it is somewhat more susceptible 

to failure since there are two facilities separated by a large distance. 

Therefore, the likelihood was classified as unlikely (2). 

A loss of tailings from the pipeline leading to the TSF will pose the 

greatest environmental risk for the candidate. The pipeline route 

is long and traverses multiple catchments. Drain back ponds will 

be constructed at regular intervals along the pipeline corridor, 

however breakage at an unanticipated location is considered 

likely (4). 

A failure to meet design requirements for tailings facility filling and 

beach development will pose the greatest technical risk for the 

candidate. Issues with development of the beach could occur during 

the mine life and it was classified as likely (4). 

 

Consequence The consequence of occurrence was classified as catastrophic (5) due to 

the potential for loss of mine waste and water. 

A loss of tailings could result in moderate (3) impacts with short 

to medium term effect on the local ecosystem and impacts to 

traditional land use activities. 

Tailings discharge locations could be easily modified or alterations to 

the spigot locations implemented to manage the beach location 

while operations continue. The consequence was classified as 

insignificant (1). 

Risk Rating 10 12 4 26 
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Candidate Safety Environment Technical Execution Summary1 

23 

(Thickened - 

Slurry Tailings/ 

Separate on 

Land WRSF) 

Likelihood A flood wave in Davidson Creek and lower Chedakuz Creek resulting from a 

breach of the tailings dam will pose the greatest safety risk for the candidate. 

A breach of this nature will require a physical failure of the dam. The 

likelihood of failure of the dam and loss of containment was classified as 

very rare (1) because it is designed for maximum credible events (MCE and 

PMF) and the tailings beach will provide separation of the supernatant pond 

from the dam. 

A failure of the water treatment system for the on-land 

PAG/NAG3 waste rock dump would pose the greatest 

environmental risk for the candidate. A discharge of untreated or 

inadequately treated effluent was classified as possible (3) due 

to the potential for rapidly changing or variable water quality or 

quantity coming off a dump with the potential for acid drainage. 

A failure to meet design requirements for tailings facility filling and 

beach development will pose the greatest technical risk. Issues with 

development of the beach could occur during the mine life and it was 

classified as likely (4). 

 

Consequence This could leave the area directly downstream unavailable for traditional land 

use activities for the foreseeable future and have short to medium term 

effects further downstream. The consequence of occurrence was classified 

as catastrophic (5). 

A discharge of mine water from has the potential to create short 

to medium term effects Davidson Creek through a slug of mine 

water and consequences were classified as moderate (3). 

Tailings discharge locations could be easily modified or alterations to 

the spigot locations implemented to manage the beach location 

while operations continue. The consequence was classified as 

insignificant (1). 

Risk Rating 5 9 4 18 

5 

(Filtered 

Tailings/ 

Co-Disposed 

PAG/NAG3) 

Likelihood A loss of containment of the process water pond will pose the greatest safety 

risk for the candidate. This could occur from slumping of the tailings and 

waste rock pile leading to overtopping of the process water pond dam, or 

from failure of the dam itself. The likelihood of failure was classified as 

unlikely (2).  

A loss of effluent from the process water pond downstream of the 

TSF will pose the greatest environmental risk for the candidate. A 

loss of effluent from the water management pond will require a 

storm event greater than allowed for in design storage 

requirements and/or failure of a water treatment system. The 

pond was designed to contain a 1 in 200 year storm event, and to 

pass any larger events through a spillway. The likelihood was 

classified as unlikely (2). 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge for the candidate. Tailings produced 

and maintained at moisture content approximately equal to optimum 

will be imperative for field compaction. Tailings dewatering at the mill 

will be impacted by consistency of the grind, mineralogy, and solids 

content delivered to the filter plant. Transport of filtered tailings to the 

waste pile will require a seamless operation reliant on truck and 

conveyor transport. Precipitation events during placement in the field 

will potentially increase moisture content of the tailings and inhibit 

compaction. Issues with tailings filtering, transport, placement, and 

compaction were classified as likely (4). 

 

Consequence A discharge of mine water from the dam has the potential to create serious 

medium-term effects to Davidson Creek through a slug of mine water and 

flood wave erosion. This could leave the area directly downstream 

unavailable for traditional land use activities for an extended period of time 

but should be recoverable because the failure will not lead to a release of 

mine waste materials to the environment. The consequence of occurrence 

was classified as major (4). 

A release of ML and ARD runoff has the potential to occur with 

storage of PAG/NAG3 waste rock on land. A discharge of mine 

water from the dam has the potential to create short to medium 

term effects on Davidson Creek through a slug of mine water and 

consequences were classified as moderate (3). 

Weather conditions are expected to have a greater impact during the 

winter months when precipitation falls as snow, and could impact 

short-term operations and long-term stability. Areas not meeting 

design requirements could result in re-work to meet specifications. 

The filtered tailings will be co-disposed with PAG/NAG3 waste rock, 

which increases the potential for delays in placement due to 

complications in waste disposal planning. These issues were 

classified as a major (4) consequence corresponding to the potential 

for a production delay between one week and one month. 

Risk rating 8 6 16 30 
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Candidate Safety Environment Technical Execution Summary1 

6 

(Filtered 

Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood A flood wave in Davidson Creek and lower Chedakuz Creek resulting from a 

breach of the dam impounding PAG/NAG3 waste rock will pose the greatest 

safety risk for the candidate. A breach of this nature will require a physical 

failure of the dam. The likelihood of failure of the dam and loss of 

containment could be considered rare because it is designed for maximum 

credible events (MCE and PMF); however, it is somewhat more susceptible 

to failure since there is no tailings beach and embankment deformation 

impacting available freeboard could result in an overtopping failure. The 

likelihood was classified as unlikely (2). 

A loss of dam runoff and seepage from the seepage collection 

pond downstream of the submergence impoundment will pose the 

greatest environmental risk for the candidate. A loss of effluent 

from the seepage collection pond downstream of the TSF will 

require a storm event greater than allowed for in design storage 

requirements and will require that the effluent during that storm is 

of degraded quality. The likelihood was classified as unlikely (2) 

corresponding to a discharge during a storm event with a return 

period greater than 1 in 100 years. 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge. Issues with tailings filtering, 

transport, placement, and compaction were classified as likely (4). 

 

Consequence A discharge of mine waste and water causing a flood wave has the potential 

to create irreparable damage and serious long term impairment to the 

downstream environment due to the presence of PAG/NAG3 materials within 

the impoundment. This could leave the area directly downstream unavailable 

for traditional land use activities for the foreseeable future and have short to 

medium term effects further downstream. The consequence of occurrence 

was classified as catastrophic (5). 

Submergence within the impoundment will limit the ARD and ML 

potential of the PAG/NAG3 waste rock thereby controlling 

seepage quality. The location of the tailings waste pile in a sidehill 

arrangement slightly increases the potential for degraded 

seepage quality at the time of the event. Any elevated parameters 

of concern would be heavily diluted by inflows. The potential 

consequences would be short to medium term and limited to a 

part of Davidson Creek and were classified as moderate (3). 

These issues were classified as a moderate (3) consequence 

corresponding to the potential for a production delay between one 

day and one week. 

 

Risk Rating 10 6 12 28 

7 

(Filtered 

Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood A flood wave in Davidson Creek and lower Chedakuz Creek resulting from a 

breach of the dam impounding PAG/NAG3 waste rock will pose the greatest 

safety risk for the candidate. The likelihood was classified as unlikely (2). 

A loss of dam runoff and seepage from the seepage collection 

pond downstream of the submergence impoundment will pose the 

greatest environmental risk for the candidate. The likelihood was 

classified as unlikely (2) corresponding to a discharge during a 

storm event with a return period greater than 1 in 100 years. 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge for the candidate. Issues with 

tailings filtering, transport, placement, and compaction were 

classified as likely (4). 

 

Consequence The consequence of occurrence was classified as catastrophic (5) 

(see rating for Candidate 6). 

Any elevated parameters of concern would be heavily diluted by 

inflows. The potential consequences would be short-term and 

limited to a part of Davidson Creek and were classified as minor 

(2). 

These issues were classified as a moderate (3) consequence 

corresponding to the potential for a production delay between one 

day and one week. 

 

Risk Rating 10 4 12 26 

12 

(Filtered 

Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood An impoundment will be positioned near the mine site area for PAG/NAG3 

waste rock submergence. A flood wave in Davidson Creek and lower 

Chedakuz Creek resulting from a breach of the impoundment will pose the 

greatest safety risk. The likelihood was classified as unlikely (2). 

A loss of tailings from the pipeline leading to the storage facility 

will pose the greatest environmental risk for the candidate. Drain 

back ponds will be constructed at regular intervals along the 

pipeline corridor, however breakage at an unanticipated location 

is considered possible (3). 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge for the candidate. Issues with 

tailings filtering, transport, placement, and compaction were 

classified as likely (4). 

 

Consequence The consequence of occurrence was classified as catastrophic (5) due to 

the potential for loss of mine waste and water. 

A loss of tailings could result in moderate (3) impacts with short 

to medium term effect on the local ecosystem and impacts to 

traditional land use activities. 

These issues were classified as a moderate (3) consequence 

corresponding to the potential for a production delay between one 

day and one week. 

 

Risk Rating 10 9 12 31 

14 

(Filtered 

Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood An impoundment will be positioned near the mine site area for PAG/NAG3 

waste rock submergence. A flood wave in Davidson Creek and lower 

Chedakuz Creek resulting from a breach of the impoundment will pose the 

greatest safety risk for the candidate. The likelihood was classified as 

unlikely (2). 

A loss of tailings from the pipeline leading to the storage facility 

on Turtle Creek will pose the greatest environmental risk for the 

candidate. Drain back ponds will be constructed at regular 

intervals along the pipeline corridor, however breakage at an 

unanticipated location is considered possible (3). 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge for the candidate. Issues with 

tailings filtering, transport, placement, and compaction were 

classified as likely (4). 

 

Consequence The consequence of occurrence was classified as catastrophic (5) due to 

the potential for loss of mine waste and water. 

A loss of tailings could result in moderate (3) impacts with short 

to medium term effect on the local ecosystem and impacts to 

traditional land use activities. 

These issues were classified as a moderate (3) consequence 

corresponding to the potential for a production delay between one 

day and one week. 

 

Risk Rating 10 9 12 31 
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Candidate Safety Environment Technical Execution Summary1 

16 

(Filtered 

Tailings/ 

Separate 

Submerged 

PAG/NAG3) 

Likelihood The candidate will have a filtered tailings waste pile located in the lower 

reaches of the Chedakuz Creek catchment, with an impoundment near the 

mine site for submergence of PAG/NAG3 waste rock. A flood wave in 

Davidson Creek and lower Chedakuz Creek resulting from a breach of the 

impoundment will pose the greatest safety risk. The likelihood was classified 

as unlikely (2). 

A loss of tailings from the pipeline leading to the storage facility 

on Turtle Creek will pose the greatest environmental risk for the 

candidate. The pipeline route is long and traverses multiple 

catchments. Drain back ponds will be constructed at regular 

intervals along the pipeline corridor, however breakage at an 

unanticipated location is considered likely (4). 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge for the candidate. Issues with 

tailings filtering, transport, placement, and compaction were 

classified as likely (4). 

 

Consequence The consequence of occurrence was classified as catastrophic (5) due to 

the potential for loss of mine waste and water. 

A loss of tailings could result in moderate (3) impacts with short 

to medium term effect on the local ecosystem and impacts to 

traditional land use activities. 

These issues were classified as a moderate (3) consequence 

corresponding to the potential for a production delay between one 

day and one week. 

 

Risk Rating 10 12 12 34 

22 

(Filtered 

Tailings/ 

Separate on 

Land WRSF) 

Likelihood A loss of containment of the process water pond will pose the greatest safety 

risk for the candidate. This could occur from slumping of the filtered tailings 

pile leading to overtopping of the process water pond dam, or from failure of 

the dam itself. The likelihood of failure was classified as unlikely (2) because 

the process water pond is susceptible to additional failure potential as a 

result of the tailings pile, and because embankment deformation impacting 

available freeboard could result in an overtopping failure. 

A loss of dam runoff and seepage from the process water pond 

downstream of the TSF will pose the greatest environmental risk 

for the candidate. A loss of effluent from the water management 

pond will require a storm event greater than allowed for in design 

storage requirements and/or failure of a water treatment system. 

The pond was design to contain a 1 in 200 year storm event, and 

to pass any larger events through a spillway. A loss of ML and 

ARD runoff has the potential to occur as storage of PAG waste 

rock on land will lead to ARD. The likelihood was classified as 

unlikely (2). 

A failure to meet design specifications for filtered tailings will pose 

the greatest technical challenge for the candidate. Issues with 

tailings filtering, transport, placement, and compaction were 

classified as likely (4). 

 

Consequence A discharge of mine water from the dam has the potential to create serious 

medium-term effects to Davidson Creek through a slug of mine water and 

flood wave erosion. This could leave the area directly downstream 

unavailable for traditional land use activities for an extended period of time 

but should be recoverable because the failure will not lead to a release of 

mine waste materials to the environment. The consequence of occurrence 

was classified as major (4). 

A discharge of mine water from the dam has the potential to 

create short to medium term effects Davidson Creek through a 

slug of mine water and consequences were classified as 

moderate (3). 

These issues were classified as a moderate (3) consequence 

corresponding to the potential for a production delay between one 

day and one week. 

 

Risk Rating 8 6 12 26 

Source: Knight Piésold Ltd. (2015b) 

Notes:  

PAG = Potentially Acid Generating; NAG = Non-Acid-Generating; MCE = Maximum Credible Earthquake; PMF = Probable Maximum Flood; ML = Metal Leaching; ARD = Acid Rock Drainage. 
1 Summary risk = safety risk rating + environmental risk rating + technical execution risk rating 
2 Risk rating = likelihood score x consequence score 
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Table 6.3-3: Summary of High-level Risk Assessment Scores – 

Thickened Slurry Candidates 

Candidate Safety Environment Technical Execution Total Score 

1 5 4 4 13 

4 5 6 8 19 

10 10 4 8 22 

13 10 9 4 23 

15 10 12 4 26 

23 5 9 4 18 

Source: Knight Piésold Ltd. (2015b) 

Note: Highlighted candidate indicates lowest score and will advance to Step 3. 

Table 6.3-4: Summary of High-level Risk Assessment Scores – Filtered Candidates 

Candidate Safety Environment Technical Execution Total Score 

5 8 6 16 30 

6 10 6 12 28 

7 10 4 12 26 

12 10 9 12 31 

14 10 9 12 31 

16 10 12 12 34 

22 8 6 12 26 

Source: Knight Piésold Ltd. (2015b) 

Note: Highlighted candidate indicates lowest score and will advance to Step 3. 

Table 6.3-5: Summary of High-level Risk Assessment Scores – 

Physical Stability Candidates 

Candidate Safety Environment Technical Execution Total Score 

5 8 6 16 30 

22 8 6 12 26 

Source: Knight Piésold Ltd. (2015b) 

Note: Highlighted candidate indicates lowest score and will advance to Step 3. 

6.3.4 Summary 

The HLRA identified three candidates with the lowest risk profile for each of the distinct tailings and waste 

rock technologies; and one requested by the MEM to be carried forward. The four candidates carried 

forward into the MAA are: 

 Candidate 1 – thickened slurry tailings with submerged PAG/NAG3 waste rock; 

 Candidate 7 – ‘dry stack’ (filtered) tailings with submerged PAG/NAG3 waste rock;  

 Candidate 10 – paste tailings with submerged PAG/NAG3 waste rock; and 

 Candidate 22 – ‘dry stack’ (filtered) tailings with PAG/NAG3 waste rock on land. 
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7. STEP 3: ALTERNATIVES CHARACTERIZATION 

At this stage, the remaining alternatives are developed in further detail to support a clear and concise 

comparison of the remaining alternatives. A description of each alternative is provided below. 

7.1 Detailed Descriptions 

7.1.1 Candidate 1 – Thickened - Slurry Tailings / Submerged PAG/NAG3 

7.1.1.1 Location and Tailings Type 

Candidate 1 is a thickened-slurry tailings alternative located in the upper reaches of the Davidson Creek 

catchment (ultimate arrangement is presented in Figure 7.1-1). The TSF will permanently store tailings 

and PAG/NAG3 waste rock in a saturated condition in one impoundment. The impoundment will be 

created in a staged manner consisting of two nested TSF sites (TSF Site C and TSF Site D). The facility 

was designed to permanently store tailings, PAG/NAG3 waste rock, and operational supernatant pond 

allowance, and capacity to contain the Inflow Design Flood (IDF) with additional freeboard for wave 

run-up. The upper facility (TSF Site C) will be constructed first with two dams to contain the initial years of 

tailings and PAG/NAG3 waste rock, and includes a storage allowance for the supernatant pond to provide 

a continuous source of process water for mill operations. 

The first stage of the TSF Site C Main Dam will be constructed to provide sufficient capacity for a start-up 

pond up and to impound tailings and PAG/NAG3 waste rock generated during the first year of operations, 

with additional capacity to contain the IDF. The Site C Main Dam will be raised annually thereafter using 

centerline construction methods to reach an ultimate elevation of approximately 1,345 m. The Site C 

West Dam will be constructed in a single stage to elevation 1,353 m to constrain the western extent of 

TSF Site C. A saddle dam will also be required on the southeastern side of TSF Site C and will be raised 

annually with the Site C Main Dam to elevation 1,345 m. The dam raise schedule includes consideration 

for several downstream step-outs of the shell zone, which are designed to support several staged vertical 

raises of the embankment. Each raise is designed to provide enough storage for the following year of 

operations, a sufficient supernatant pond allowance ranging from approximately 2 to 10 Mm3, and 

additional capacity to store the IDF.  

TSF Site D will be formed by constructing the Site D Main Dam adjacent to and downstream of TSF 

Site C beginning in Year 5 to provide additional storage capacity for PAG/NAG3 waste rock and tailings. 

Filling of TSF Site D will begin in Year 7 following two years of initial construction. The Site D Main Dam 

will be raised by centreline methods beginning in Year 7 until reaching an elevation of 1,316 m. It will be 

raised by downstream methods from elevation 1,316 m until the ultimate elevation of 1,340 m. 

Process water will be stored on site within the TSF to maintain the saturated condition of the mine waste 

materials and will be split between two ponds; one within each disposal area. The normal operating pond 

allowance for Site C will range from approximately 2 to 10 Mm3, while the Site D operating pond will be 

maintained at a nominal volume by pumping excess to the Site C pond so as to maintain the saturation 

criteria for the mine waste materials. Tailings slurry will be conveyed by gravity in a pipeline to either TSF 

Site C or TSF Site D, and the pipeline route will remain within the TSF catchment at all times. 

The Canadian Dam Association (CDA) Dam Safety Guidelines (CDA 2019) and the Part 10 Guidance 

Document for the Health, Safety and Reclamation Code for Mines in British Columbia (BC Ministry of 

Energy and Mines [BC MEM] 2017) were used to determine the dam hazard classification and suggested 

minimum target levels for some design criteria, such as the IDF and earthquake design ground motion 

(EDGM) for the tailings dams. The tailings dams were classified by considering the potential incremental 

consequences of a failure.  
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The following minimum target design flood and earthquake levels were adopted from the CDA guidelines 

for a ‘VERY HIGH’ dam hazard classification for the construction and operational phases: 

 IDF – 2/3 between 1 in 1,000-year return period flood and the Probable Maximum Flood (PMF); 

 EDGM – 1/2 between 1 in 2,475-year return period and the 1 in 10,000-year return period or 

Maximum Credible Earthquake (MCE). 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 

designed for the PMF and Maximum Credible Earthquake (MCE) in the closure phase. The following 

design flood and earthquake levels were adopted for the closure phase: 

 IDF – PMF; 

 EDGM – MCE (or 1 in 10,000-year return period). 

Tailings will be thickened to approximately 50% solids at the process plant and delivered by gravity 

through a pipeline to either the TSF Site C or Site D. The tailings distribution system includes a fully 

installed standby pipeline for operational flexibility. Tailings spigots will be located regularly along the dam 

crests for subaerial discharge of the tailings slurry. The slurry will segregate upon deposition with the 

coarsest sand particles settling near the discharge spigots and finer sands settling farther down the slope. 

Even finer silt and clay sized tailings particles will be carried out into the supernatant pond in suspension 

and will settle over a longer period of time. The segregation of coarser material will facilitate development 

of extensive tailings beaches providing separation of the containment dams from the supernatant pond. 

Beach slopes will develop at an approximate grade of 1% away from the discharge point. 

The PAG and NAG3 waste rock disposal area will be developed at the same or similar rate of rise as 

the tailings in the TSF, with the final tailings level several meters higher to provide complete submergence 

of PAG waste rock. The tailings beach will provide a low permeability transition between the coarse, 

permeable waste rock in the centre of the TSF and the tailings embankments. The extensive tailings 

beaches will provide seepage control and are an indicator of dam safety. 

Seepage will be primarily controlled by the low-permeability core zone and cut-off trenches constructed 

prior to the development of tailings beaches. Seepage passing through the main embankment will be 

collected in embankment drains and conveyed to a seepage collection pond (Environmental Control Dam; 

ECD) downstream of the main dam. Seepage will be recycled back to the TSF. Unrecoverable seepage 

passing the collection and recycle system has the potential to affect one watershed: Davidson Creek. 

7.1.1.2 Water Management 

Contact water will initially be stored in TSF Site C which will serve as the primary reclaim water source for mill 

operations through operations. Runoff water accumulating in Site D will be conveyed to TSF Site C beginning 

in Year 5 to maintain the rate of inundation of PAG and NAG3 waste rock and to maintain sufficient freeboard 

to manage the IDF. The target operating volume for the TSF Site C will vary over the years (corresponding 

to the mine production plan) to allow adequate reclaim water, while reducing the likelihood of a surplus 

condition, and maintain sufficient space to meet storm storage requirements. Once tailings deposition in TSF 

Site D commences, process water conveyed with the tailings slurry will be transferred from TSF Site D to 

the TSF Site C pond prior to being reclaimed to the mill to support ore processing. 

The catchment area without modification is 45 km2 (4,500 ha), sufficient to maintain a water balance under 

average conditions until late in mine life. A surplus condition was predicted to develop beginning in Year 17 

due to increasing runoff from the expanding disturbed areas of the mine facilities, and also from the 

decreases in waste rock production and corresponding decreases of water storage in waste rock voids for 

mine rock stored within TSF Site D. As identified in the PFS (Artemis 2020) this surplus water will be used 

to accelerate open pit filling and limit the onset of acid rock drainage conditions in the pit walls. It was also 

identified as a surplus condition that was easily manageable with additional fresh water diversions. 



Candidate 1 – Slurry Tailings / Submerged PAG/NAG3
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Figure 7.1-1:
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The TSF operational pond capacity is sufficient to manage a reasonable range of surplus or deficit water 

conditions. Water levels and pond bathymetry will be monitored to confirm that the water balance 

assumptions are accurate and that an operational surface water discharge from the TSF will not occur 

until closure. As a contingency, staged non-contact surface water diversions can be created to divert 

runoff away from the TSF. 

The reclaim water system will initially utilize a barge-mounted pump station sized to deliver 900 m3/hr of 

reclaim water (28 Mm3 per year). The reclaim barge will be anchored in TSF Site C through operations. 

The reclaim water system in TSF Site C will be twinned in Year 5 and a third parallel system will be added 

in Year 10. A reclaim structure will also be constructed in TSF Site D during Year 16 in preparation for 

recycling process water resulting from tailings deposition within that facility. A combination of water 

reclaim from the TSFs and water from open pit dewatering and freshwater make-up sources will support 

the milling process each year. 

A closure spillway will be constructed from Site C and Site D in to passively control the maximum pond 

elevation in each respective TSF and will discharge to Davidson Creek in post-closure. 

7.1.1.3 Technical Execution 

The maximum processing rate is planned to be 55,000 tpd. The proposed tailings technology is 

considered proven and not subject to any major implementation challenges. Slurry tailings have a proven 

history of application in similar climate conditions as the project site. The tailings distribution and 

discharge strategy is unlikely to be affected in a significant way by any weather conditions. Extreme wet 

conditions can impact available storage capacity; however, this consideration was addressed in the 

design of the alternative. The technology is the most flexible from an operational standpoint. A fully 

installed backup distribution system and emergency discharge system were included in the design. 

Tailings discharge will not be the limiting factor for operational reliability. 

7.1.1.4 Closure 

Upon mine closure, surface facilities will be removed in stages and full reclamation of the TSF will be 

initiated. The closure plan is compatible with a premature closure event. General aspects of the closure 

plan include: 

 Selective discharge of tailings around the facility during the final years of operations to establish and 

flatten the final tailings beach to facilitate surface water management and reclamation. 

 Placing an oxide tailings cover up to 3 m thick on Site C beaches such that transition and sulphide 

tailings remain saturated over a wide range of precipitation conditions. 

 Placing an oxide tailings/overburden cover up to 5 m thick on the Site D beach such that transition 

and sulphide tailings remain saturated over a wide range of precipitation conditions. 

 Covering the exposed tailings beaches and PAG/NAG3 waste rock with approximately 30 cm of 

overburden. 

 Establishing wetlands and revegetating the upland beaches. 

 Pumping the tailings pond supernatant to the pit for about 18 years to expedite the development of 

the pit lake and flooding of the majority of PAG/NAG3 waste rock in the ultimate pit walls. 

 Treatment system infrastructure to treat and release contact water. 

 Dismantling and removing the tailings and reclaim delivery systems and all pipeline structures, and 

equipment not required beyond mine closure. 
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 Constructing spillways and overflow channels. 

 Removing the seepage collection pumpback systems at such time that suitable water quality for direct 

release is achieved. 

 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond 

mine closure. 

 Long-term stabilization of all exposed erodible materials. 

The remaining waste rock dump areas not progressively reclaimed will be reclaimed with overburden and 

re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of 

as required in the open pit or TSF. The pit will be allowed to flood and, upon filling, the pit lake water will 

be treated, if required, and discharge to Davidson Creek.  

Engineering reviews and inspections of the TSF will extend approximately 20 years into the closure period 

or until the TSF reaches a steady-state condition, with less frequent reviews and inspections thereafter. 

7.1.2 Candidate 7 – Filtered Tailings / Submerged PAG/NAG3 

7.1.2.1 Location and Tailings Type 

Candidate 7 is a filtered tailings alternative located in the upper reaches of the Davidson Creek catchment 

(ultimate arrangement is presented in Figure 7.1-2). The filtered tailings will be stacked in a waste pile on 

land in a heaped valley fill arrangement in a partially saturated condition. A PAG/NAG3 waste rock 

submergence impoundment will be positioned downstream of the filtered tailings waste pile. The 

submergence impoundment was designed to permanently store PAG/NAG3 waste rock in a saturated 

condition and contain the process water pond with additional capacity to contain the IDF and freeboard 

for wave run-up. This impoundment will also manage storm water from the filtered tailings waste pile. 

The impoundment will be created by constructing a two-sided dam that is progressively expanded over 

the life of the mine. The impoundment will form a valley fill type arrangement and will be constrained by 

natural topography to the south and west. PAG/NAG3 waste rock stored in the impoundment will 

eventually buttress the toe of the filtered tailings waste pile. 

The centre of the tailings waste pile site is located 3.5 km from the deposit. Tailings will be pumped in 

a pipeline from the mill building to the filter plant approximately 1 km away as thickened slurry with a 

gravimetric solids content of 50%. Tailings will be filtered and then transported by conveyer to a truck load 

out building. Haul trucks will transport the filtered tailings to the stacking location where dozers will be 

used for placement and grading. A conveyor will be considered for placement in later years once a large 

working surface has been developed. Two areas of the tailings pile will be developed: a general area 

where tailings will be placed in 10 m thick platforms with surface grading and compaction to reduce 

infiltration and maintain trafficability, and a structural area with thinner lift thicknesses and compaction 

to maintain stability of the stack. 

The filtered tailings waste pile will be constructed to elevation 1,395 m with a maximum height of 

approximately 145 m. The working surface of the pile at ultimate extents will be approximately 550 ha, 

and the rate of rise of the waste pile will be roughly 9 m per year. The filtered tailings waste pile rises 

approximately 50 m higher than the TSF Site C facility contemplated in Candidate 1 in the same location. 

This change will alter the seepage and surface water flow regime such that some of the runoff and 

seepage may now report to the west of the filtered tailings pile. Two seepage collection ponds will be 

required on the west side of the filtered tailings pile. The waste pile slopes will be reclaimed concurrent 

with development; however the working surface of the pile is a large area and will require reclamation 

at closure. 
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An assessment of the stability rating for the filtered tailings waste pile was carried out using the waste 

dump and stockpile stability rating system as described in the interim guidelines provided by the BC Mine 

Waste Rock Pile Research Committee (BCMWRPRC 1991). The waste pile was classified as Class III, 

Moderate Hazard. The submergence impoundment dam will be constructed to elevation 1,310 m. 

The dam safety hazard classification for the PAG/NAG3 waste rock submergence impoundment is 

VERY HIGH (CDA 2019). The CDA guidelines were used to determine the IDF and EDGM for the 

containment dams.  

The following suggested design levels were adopted from the CDA guidelines for Candidate 7 during 

the operational phase: 

 IDF – 2/3 between 1 in 1,000-year return period flood and the PMF; 

 EDGM – 1/2 between 1 in 2,475-year return period and the 1 in 10,000-year return period or MCE. 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 

designed for the PMF and MCE in the closure phase. The following design flood and earthquake levels 

were adopted for the closure phase: 

 IDF – PMF; 

 EDGM – MCE (or 1 in 10,000-year return period). 

Process water will be stored on site within the submergence impoundment to maintain the saturated 

condition of the PAG/NAG3 waste rock. The normal operating pond allowance will be 10 Mm3. Process 

water will be retained by the dam, while maintaining minimum freeboard requirements, and reclaimed for 

use in the mill. The impoundment will include an ‘upset’ conditions slurry tailings storage area in the 

submergence facility for times when the filter plant cannot achieve the required tailings moisture content 

for placement in the waste pile. 

Seepage from the submergence impoundment will be primarily controlled by the low-permeability core 

zone and cut-off trenches constructed in the containment dam. Seepage passing through the core zone 

will be collected in embankment drains and conveyed to a seepage collection pond downstream of the 

main dam. Higher relative seepage rates are expected from the impoundment compared to Candidate 1 

because this option lacks a tailings beach, which reduces seepage flows. Seepage will be recycled back 

to the TSF. Unrecoverable seepage rates to Davidson Creek are not expected to increase substantially 

and the seepage collection infrastructure in Davidson Creek is robust enough to manage the change. 

Unrecoverable seepage by-passing the collection and recycle systems for the filter tailings waste pile and 

PAG/NAG3 submergence impoundment has the potential to affect two watersheds: Davidson Creek and 

Creek 705. 

7.1.2.2 Water Management 

The catchment area is 30 km2 (3,000 ha) with diversion of undisturbed catchment areas upslope of the 

mine facilities. The water balance was predicted to be in a surplus condition throughout operations with a 

surplus of 3 Mm3 to 6 Mm3 per year. The surplus increases throughout operations due to runoff from the 

expanding disturbed areas of the mine facilities, and also from the decreases in waste rock production 

and corresponding decreases of water storage in waste rock voids for mine rock stored within the 

submergence impoundment.  

Fresh water diversions have been included to the maximum practical extent in the design. The TSF 

operational pond capacity is sufficient to manage a reasonable range of surplus water conditions on an 

annual basis. The surplus will require a treated operational discharge to Davidson Creek throughout 
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operations. The surplus site water will be used to accelerate open pit filling in closure and limit the onset 

of acid rock drainage conditions in the pit walls. 

Surplus water management will require on-going monitoring, calibration of model predictions, and active 

management of water treatment to meet design objectives. Water levels and pond bathymetry will be 

monitored to confirm that the water balance assumptions are accurate and that permitted operational 

surface water discharge allowances meet requirements to manage the water balance on an inter-annual 

basis. 

The reclaim water system will utilize a small barge-mounted pump station sized to deliver 700 m3/hr of 

reclaim water (6 Mm3 per year). The reclaim barge will be anchored in the submergence impoundment. 

A volume of less than 2 Mm3 of water reclaim was predicted to be required each year from the process 

water pond for the first ten years of operations, and will be combined with water from tailings dewatering, 

open pit dewatering and fresh water supply to support the milling process. Water in the submergence 

impoundment after Year 10 may not be required for processing, and will be used only to maintain the 

saturated condition of the PAG/NAG3 waste rock. 

A closure spillway will be constructed from the submergence impoundment to Davidson Creek in the final 

year of operations. 

7.1.2.3 Execution 

A filter plant capable of dewatering tailings at a rate of 55,000 tpd will require a building roughly 100 m by 

30 m. Issues with the tailings filtration plant will be expected at times due to changes in ore type, grind size, 

and also for unforeseen maintenance of critical components. An area will be designated in the submergence 

impoundment for emergency discharge where slurry tailings will be sent when the filter plant is not 

operational. Also, a general placement area within the filtered tailings waste pile will be required for 

‘upset’ conditions when the filter plant produces tailings with less than optimal moisture content. 

Filtered tailings material may have to be stockpiled and allowed to dry during adverse weather conditions 

or unforeseen truck maintenance in order to maintain production. Coordination and planning for weather 

conditions will be essential for development of a filtered tailings stack at the maximum production rate 

(55,000 tpd) and in the weather conditions common in central British Columbia. A covered live stockpile 

may be required in addition to the truck load out facility. A live stockpile with a one week capacity will be 

approximately 100 m in diameter and 25 m in height. Movement of any stockpiled material will 

subsequently impact the availability of trucks to manage normal tailings production. 

Transport of tailings by truck using CAT 777 haul trucks will require approximately 40 trips per hour, 

24 hours a day for 365 days a year. The operation will require a loading arrangement that can reliably load 

trucks at a nominal rate of 1.5 minutes per truck. Any down time has the potential to impact mill operations. 

This will require an active truck fleet of 10 trucks for a haul with a round trip time of 15 minutes. The total 

truck fleet will have to be somewhat larger to manage temporary stockpiled material, for longer haul times, 

and for appropriate backup equipment during periodic and unforeseen maintenance needs. Trucks may 

need to be equipped with heated beds to prevent moist soil from freezing to the metal in the winter.  

Filtration of tailings at a rate of 55,000 tpd will exceed anything within existing precedent; however the 

increase in scale of filtration alone is not insurmountable. The scale at which filtered tailings has been 

applied in similar site conditions is more concerning. Rainfall has the potential to reduce trafficability of 

the surface, making placement in areas difficult or impossible in certain cases. Winter conditions will pose 

a challenge for placement of the filtered tailings. Precipitation falls predominantly as snow throughout five 

months of the year. Accumulated snow will need to be removed prior to placement of subsequent tailings 

material. There is potential for entrainment of snow in the waste pile that could impact the stability of the 

pile in the short and long-term. 
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Placement of filtered tailings with a conveyor system might be simpler from a bulk material handling 

standpoint; however, a great deal of maneuvering will be required especially in the initial lifts. There may 

be an opportunity to move from trucking to a conveyor system in the later years of operation. 

7.1.2.4 Closure 

Upon mine closure, surface facilities will be removed in stages and full reclamation will be initiated. The 

closure plan is compatible with a premature closure event although it may require substantial earthworks 

to construct engineered covers. General aspects of the closure plan include: 

 Covering PAG waste rock with approximately 1 m of overburden. 

 Covering the filtered tailings waste pile with 2 m of overburden. 

 Placement of an overburden wedge up to 5 m thick around the facility to separate the position of final 

pond from the impoundment dam crest.  

 Constructing spillways and overflow channels. 

 Establishing wetlands in the submergence impoundment and revegetating slopes. 

 Pumping the tailings pond supernatant to the pit for about 29 years to develop the pit lake and flood 

the majority of PAG/NAG3 rock in the ultimate pit walls.  

 Treatment system infrastructure to treat and release contact water. 

 Dismantling and removing reclaim delivery systems and all pipeline structures, and equipment not 

required beyond mine closure. 

 Pumping seepage collection ponds located to the west of the filtered tailings waste pile to the 

submergence impoundment for approximately 30 years or until such time that suitable water quality 

is achieved. 

 Removing the Davidson Creek seepage collection pumpback systems at such time that suitable 

water quality for direct release is achieved. 

 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond 

mine closure. 

 Long-term stabilization of all exposed erodible materials. 

The remaining waste rock dump areas not progressively reclaimed will be reclaimed with overburden and 

re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed 

of as required in the open pit. The pit will be allowed to flood and, upon filling, the pit lake will discharge 

via a constructed channel to the submergence impoundment and hence via a closure spillway to 

Davidson Creek.  

Engineering reviews and inspections of the TSF will extend approximately 30 years into the closure 

period or until the TSF reaches a steady-state condition, with less frequent reviews and inspections 

thereafter. Longer term monitoring and maintenance may be required following the closure period to 

confirm that: 

 PAG/NAG3 waste rock remains saturated and that outflows through seepage match inflows to the 

voids; and 

 The filtered tailings waste pile remains partially saturated, limiting air entry into the void space and 

retarding acid generation. 
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7.1.3 Candidate 10 – Paste Tailings / Submerged PAG/NAG3 

7.1.3.1 Location and Tailings Type 

Candidate 10 is an ultra-thickened (paste) tailings alternative located in the upper reaches of the 

Davidson Creek catchment (ultimate arrangement is presented in Figure 7.1-3). The TSF will permanently 

store tailings and PAG/NAG3 waste rock in a saturated condition in one impoundment. The facility was 

designed to contain tailings, PAG/NAG3 waste rock, and the operational supernatant pond allowance, 

and capacity to contain the IDF with additional freeboard for wave run-up. The impoundment will be 

created by constructing three dams in the area previously described as Site D. The main dam will be a 

large two-sided dam across Davidson Creek. Two smaller dams will be required on the west side of the 

impoundment and in a small saddle on the southeast side of the facility to maintain containment. 

Paste tailings will be pumped in a pipeline to a central point in the TSF. Tailings will be deposited by top-

down method of paste placement. Paste tailings will be discharged from a central point and will settle at 

angle of repose sloping towards the containment dams. Water will be collected at the toe of the slope 

adjacent to the containment dams. The pipeline route will remain within the TSF catchment at all times. 

The TSF dams will be constructed to elevation 1,330 m and the central discharge embankment will be 

raised to a final elevation of 1,355 m. Construction of the dams will require a total of 70 Mm3, sourced 

from pit stripping and external borrow sources. The earth-rockfill dams will be comprised of a shell zone, 

transition and filter zones, and a low-permeability face. Filter and transition material will be sourced from a 

nearby aggregate borrow. The remainder of the material will come from the open pit. The maximum 

height of the main dam will be 130 m. 

Process water will be stored on site in the TSF to maintain the saturated condition of the mine waste 

materials. The normal operating pond allowance will be 6 Mm3. Process water will be retained by the 

dam, while maintaining minimum freeboard requirements, and reclaimed for use in the mill. 

Alternatively, water could be decanted from the surface of the TSF and stored in a separate reclaim pond 

below the TSF. This will require construction of another large water retaining dam in an area downstream 

where there is increased risk of unrecoverable seepage due to the presence of naturally occurring higher 

permeability meltwater channels. Removal of water from the TSF will also negatively impact the reliability 

of initially flooding and subsequently maintaining PAG materials in a saturated condition. 

The dam safety hazard classification for the tailings facility is VERY HIGH (CDA 2019). The CDA 

guidelines were used to determine the IDF and EDGM for the tailings dams.  

The following suggested design levels were adopted from the CDA guidelines for Candidate 10 during 

the operational phase: 

 IDF – 2/3 between 1 in 1,000-year return period flood and the PMF; 

 EDGM – 1/2 between 1 in 2,475-year return period and 1 in 10,000-year return period or MCE. 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 

designed for the PMF and MCE in the closure phase. The following design flood and earthquake levels 

were adopted for the closure phase: 

 IDF – PMF; 

 EDGM – MCE (1 in 10,000-year return period). 
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Tailings will be thickened to approximately 65% solids at the process plant and delivered by gravity 

through a pipeline to the central discharge point in the TSF. The tailings distribution system will include a 

fully installed standby pipeline for operational flexibility. The paste will not segregate upon deposition and 

very little bleed water from the tailings discharge is expected. Tailings will settle at an approximate grade 

of 1.5% away from the discharge point. The PAG and NAG3 waste rock disposal area will be developed 

at the same or similar rate of rise as the tailings in the TSF. Waste rock will be used to manage the 

location of paste deposition during most of operations; however, the final tailings level will be several 

meters higher to cover the PAG waste rock. 

Seepage will be primarily controlled by the low-permeability face zone and cut-off trenches constructed 

prior to the development of tailings beaches. Seepage passing through the main embankment will be 

collected in embankment drains and conveyed to a seepage collection pond downstream of the main 

embankment. Seepage will be recycled back to the TSF. Higher relative seepage rates are expected from 

the impoundment compared to Candidate 1 because this option lacks a tailings beach in front of the dam, 

which reduces seepage flows. Seepage rates are expected to be less than those expected for Candidate 

7. Unrecoverable seepage passing the collection and recycle system has the potential to affect one 

watershed: Davidson Creek. 

7.1.3.2 Water Management 

The catchment area without modification is 43 km2 (4,300 ha). The water balance was predicted to be in a 

surplus condition throughout operations with a surplus of 2 Mm3 to 6 Mm3 per year. The surplus increases 

throughout operations due to runoff from the expanding disturbed areas of the mine facilities, and also 

from the decreases in waste rock production and corresponding decreases of water storage in waste rock 

voids for mine rock stored within the TSF. 

The surplus water will be managed with a combination of fresh water diversions and a treated operational 

discharge to Davidson Creek later in operations. The TSF operational pond capacity is sufficient to 

manage a reasonable range of surplus water conditions on an annual basis. The surplus site water will be 

used to accelerate open pit filling in closure and limit the onset of acid rock drainage conditions in the pit 

walls. Fresh water diversions could remove approximately 3 Mm3 per year from the water surplus under 

average conditions. 

Surplus water management will require on-going monitoring, calibration of model predictions, and active 

management of water treatment to meet design objectives. Water levels and pond bathymetry will be 

monitored to confirm that the water balance assumptions are accurate and that permitted operational 

surface water discharge allowances meet requirements to manage the water balance on an inter-annual 

basis. 

The reclaim water system will utilize a barge-mounted pump station sized to deliver 1,600 m3/hr of reclaim 

water (14 Mm3 per year). The reclaim barge will be anchored in the TSF. A volume of less than 10 Mm3 

of water reclaim was predicted to be required each year from the process water pond, and will be 

combined with water from tailings dewatering, open pit dewatering and fresh water supply to support 

the milling process. 

A closure spillway will be constructed from the TSF to Davidson Creek in the final year of operations. 

7.1.3.3 Execution 

The tailings processing for Candidate 10 included a thickening step to 60% solids during the cyanide 

destruction process followed by re-pulping to 50% solids content for tailings discharge. Candidate 10 

contemplates an alternative tailings dewatering strategy where tailings will be dewatered further (instead 

of being re-pulped) and discharged as a non-segregating paste in the TSF. A paste surface disposal 
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facility at this throughput is not beyond Canadian precedent, although it is not common in British 

Columbia or Canada. 

Tailings will be thickened above approximately 65% solids and pumped with positive displacement pumps 

to a discharge berm constructed in the centre of the TSF. The discharge strategy relies on pumping and 

execution depends on the reliability of the pumping systems. An area will be designated in the TSF for 

emergency discharge where slurry tailings will be sent when the paste plant or pumps are not operational. 

7.1.3.4 Closure 

Upon mine closure, surface facilities will be removed in stages and full reclamation of the TSF will be 

initiated. The closure plan is compatible with a premature closure event. General aspects of the closure 

plan include: 

 Selective discharge of thickened (not paste) tailings from dam crests around the facility during the 

final years of operations to fill in low spots and facilitate surface water management and reclamation. 

 Placing an oxide tailings cover up to 3 m thick on tailings surfaces such that transition and sulphide 

tailings remain saturated over a wide range of precipitation conditions. 

 Covering the exposed tailings beaches with approximately 30 cm of overburden. 

 Establishing wetlands and revegetating the upland beaches. 

 Pumping the tailings pond supernatant to the pit for about 19 years to expedite the development of 

the pit lake and flooding of the majority of PAG/NAG3 rock in the ultimate pit walls. 

 Treatment system infrastructure to treat and release contact water. 

 Dismantling and removing the tailings and reclaim delivery systems and all pipeline structures, and 

equipment not required beyond mine closure. 

 Constructing spillways and overflow channels. 

 Removing the seepage collection pumpback systems at such time that suitable water quality for direct 

release is achieved. 

 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond 

mine closure. 

 Long-term stabilization of all exposed erodible materials. 

The remaining waste rock dump areas not progressively reclaimed will be reclaimed with overburden and 

re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of 

as required in the open pit or TSF. The pit will be allowed to flood and, upon filling, the pit lake will 

discharge via a constructed channel to the TSF and hence via a closure spillway to Davidson Creek.  

Engineering reviews and inspections of the TSF will extend approximately 20 years into the closure period 

or until the TSF reaches a steady-state condition, with less frequent reviews and inspections thereafter. 

7.1.4 Candidate 22 – Filtered Tailings / PAG/NAG3 

7.1.4.1 Location and Tailings Type 

Candidate 22 is a filtered tailings alternative located at the top of the Davidson Creek catchment. The 

filtered tailings will be stacked in a waste pile on land in a heaped valley fill arrangement in a partially 

saturated condition (ultimate arrangement is presented in Figure 7.1-4).  
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The tailings waste pile is the same size and is located at the same site as Candidate 7. PAG/NAG3 

waste rock will be stored in a separate engineered surface containment in a heaped arrangement. 

The PAG/NAG3 waste rock dump is constrained from expanding further to the east by the open pit and to 

the west by the ungulate winter range. A process water management pond will be located downstream of 

the mine waste pile and created by constructing a water-retaining dam in a single stage with a maximum 

height of 40 m across Davidson Creek, along with an operational emergency spillway. Process water will 

be stored in the pond and reclaimed for use in the mill. An ‘upset’ conditions slurry tailings storage area 

will be required in the pond for emergency conditions. 

The process water pond dam safety hazard classification is SIGNIFICANT (CDA 2019). The CDA 

guidelines were used to determine the Inflow Design Flood (IDF) and Earthquake Design Ground Motion 

(EDGM) for the process water pond dam. The following suggested design levels were adopted from the 

CDA guidelines for Candidate 22 during the operational phases of the project: 

 IDF – 1 in 200-year return period; 

 EDGM – 1 in 1,000-year return period. 

The following design flood and earthquake levels were adopted for the closure phase: 

 IDF – 1/3 between 1 in 1,000-year return period event and the PMF; 

 EDGM – 1 in 2,475-year return period. 

Seepage from the process water pond will be primarily controlled by the low-permeability core zone and 

cut-off trenches constructed in the containment dam. Seepage passing through the core zone will be 

collected in embankment drains and conveyed to a seepage collection pond downstream of the main 

dam. Lower relative seepage rates are expected from the pond compared to other options because the 

pond is significantly smaller. Seepage will be recycled back to the pond or treated and discharged. 

The centre of the tailings waste pile site is located 3.5 km from the deposit. Tailings will be pumped in 

a pipeline from the mill building to the filter plant approximately 1 km away as thickened slurry with a 

gravimetric solids content of 50%. Tailings will be filtered and then transported by conveyer to a truck load 

out building. Haul trucks will transport the filtered tailings to the stacking location where dozers will be 

used for placement and grading. A conveyor will be considered for placement in later years once a large 

working surface has been developed. Two areas of the tailings pile will be developed: a general area 

where tailings will be placed in 10 m thick platforms with surface grading and compaction to reduce 

infiltration and maintain trafficability, and a structural area with thinner lift thicknesses and compaction 

to maintain stability of the stack. 

Preparation of the tailings storage area will require clearing, grubbing, stripping of topsoil, removal of 

unsuitable foundation soils, and installation of a complex network of foundation drains. The filtered tailings 

waste pile will be constructed to elevation 1,395 m with a maximum height of approximately 145 m. 

The working surface of the pile at ultimate extents will be approximately 800 ha, and the rate of rise of 

the waste pile will be roughly 9 m per year. The filtered tailings waste pile rises approximately 50 m higher 

than the TSF Site C facility contemplated in Candidate 1 in the same location. This change will alter 

the seepage and surface water flow regime such that runoff and seepage may now report to the west 

of the filtered tailings pile. Two seepage collection ponds will be required on the west side of the filtered 

tailings pile. The waste pile slopes will be reclaimed concurrent with development; however the working 

surface of the pile is a large area and will require reclamation at closure. 

An assessment of the stability rating for the filtered tailings waste pile was carried out using the waste 

dump and stockpile stability rating system as described in the interim guidelines provided by the B.C. 

Mine Waste Rock Pile Research Committee (BCMWRPRC, 1991). The waste pile was classified as 

Class III, Moderate Hazard.  
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The PAG waste rock dump will have a maximum height of approximately 300 m. A NAG waste rock or 

overburden fill platform will be constructed at the base of the dump area to raise the topography and 

direct drainage to multiple seepage collection ponds constructed around the toe of the facility. The fill 

platform will have an engineered soil liner constructed on top of compacted overburden from the open pit. 

Seepage passing through the soil liner and fill platform will be collected in one of the seepage collection 

ponds and pumped to the water management pond via a water treatment plant and pipeline. 

Unrecoverable seepage by-passing the collection and recycle systems for the process water pond, 

filtered tailings waste pile and PAG/NAG3 submergence impoundment has the potential to affect two 

watersheds: Davidson Creek and Creek 705. Any unrecovered seepage will be acidic and has the 

potential to impact the groundwater system and the downstream drainage area. 

An assessment of the stability rating for the PAG waste rock dump was carried out using the waste dump 

and stockpile stability rating system as described in the interim guidelines provided by the B.C. Mine 

Waste Rock Pile Research Committee (BC MWRPRC 1991). The waste pile was classified as Class III, 

Moderate Hazard.  

7.1.4.2 Water Management 

The catchment area is 22.5 km2 (2,250 ha) with diversion of undisturbed catchment areas upslope of 

the mine facilities. The water balance was predicted to be in a surplus condition throughout operations 

with a surplus of 3 Mm3 to 6 Mm3 per year. The surplus increases throughout operations as runoff from 

disturbed areas increases. Fresh water diversions have been included to the maximum practical extent in 

the design. The TSF operational pond capacity is sufficient to manage a small range of surplus water 

conditions on an annual basis. The surplus will require a treated operational discharge to Davidson Creek 

throughout operations. 

Runoff and infiltration from the PAG/NAG3 waste rock dump will be captured and treated at the mill 

before being conveyed for storage in the process water pond. Alternatively these treated flows could be 

diverted to Davidson Creek if they meet discharge water quality guidelines. 

Surplus water management will require on-going monitoring, calibration of model predictions, and active 

management of water treatment to meet design objectives and to confirm that permitted operational 

surface water discharge allowances meet requirements to manage the water balance on an inter-annual 

basis. There is limited excess storage to manage surplus water in the event that predictions do not match 

actual conditions or if there are issues with water treatment efficacy. 

The reclaim water system will utilize a small barge-mounted pump station sized to deliver 700 m3/hr of 

reclaim water (6 Mm3 per year). The reclaim barge will be anchored in the process water pond. A volume 

of less than 2 Mm3 of water reclaim was predicted to be required each year from the process water pond 

for the first ten years of operations, and will be combined with water from tailings dewatering, open pit 

dewatering and fresh water supply to support the milling process. Water in the process water pond after 

Year 10 may not be required for processing, and will be used as a temporary holding pond for the water 

treatment plant. 

7.1.4.3 Execution 

A filter plant capable of dewatering tailings at a rate of 55,000 tpd will require a building roughly 100 m by 

30 m (approximately half the size of a football field). Issues with the tailings filtration plant will be expected 

at times due to changes in ore type, grind size, and also for unforeseen maintenance of critical 

components. An area will be designated in the submergence impoundment for emergency discharge 

where slurry tailings will be sent when the filter plant is not operational. Also, a general placement area 
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within the filtered tailings waste pile will be required for ‘upset’ conditions when the filter plant produces 

tailings with less than optimal moisture content. 

Filtered tailings material may have to be stockpiled and allowed to dry during adverse weather conditions 

or unforeseen truck maintenance in order to maintain production. Coordination and planning for weather 

conditions will be essential for development of a filtered tailings stack at this production rate (55,000 tpd) 

and in the weather conditions common in central British Columbia. A covered live stockpile may be required 

in addition to the truck load out facility. A live stockpile with a one week capacity will be approximately 

100 m in diameter and 25 m in height. Movement of any stockpiled material will subsequently impact 

the availability of trucks to manage normal tailings production. 

Transport of tailings by truck using CAT 777 haul trucks will require approximately 40 trips per hour, 

24 hours a day for 365 days a year. The operation will require a loading arrangement that can reliably 

load trucks at a nominal rate of 1.5 minutes per truck. Any down time has the potential to impact mill 

operations. This will require an active truck fleet of 10 trucks for a haul with a round trip time of 

15 minutes. The total truck fleet will have to be somewhat larger to manage temporary stockpiled 

material, for longer haul times, and for appropriate backup equipment during periodic and unforeseen 

maintenance needs. Trucks may need to be equipped with heated beds to prevent moist soil from 

freezing to the metal in the winter. 

Filtration of tailings at a rate of 55,000 tpd will exceed anything within existing precedent; however the 

increase in scale of filtration alone is not insurmountable. The scale at which filtered tailings has been 

applied in similar site conditions is more concerning. Rainfall has the potential to reduce trafficability of 

the surface, making placement in areas difficult or impossible in certain cases. Winter conditions will pose 

a challenge for placement of the filtered tailings. Precipitation falls predominantly as snow throughout five 

months of the year. Accumulated snow will need to be removed prior to placement of subsequent tailings 

material. There is potential for entrainment of snow in the waste pile that could impact the stability of the 

pile in the short and long-term. 

Placement of filtered tailings with a conveyor system might be simpler from a bulk material handling 

standpoint; however, a great deal of maneuvering will be required especially in the initial lifts. There may 

be an opportunity to move from trucking to a conveyor system in the later years of operation. 

7.1.4.4 Closure 

Upon mine closure, surface facilities will be removed in stages and reclamation will be initiated. 

Candidate 22 is anticipated to have an indefinite active closure period with some water management 

facilities remaining and being maintained in perpetuity. The closure plan is compatible with a premature 

closure event, but it will require substantial earthworks to construct engineered covers. General aspects 

of the closure plan include: 

 Covering PAG waste rock with approximately 2 m of overburden. 

 Covering the filtered tailings waste pile with 2 m of overburden. 

 Constructing pit discharge channel. 

 Establishing wetlands and revegetating slopes. 

 Pumping the surplus water reporting to the process water pond to the pit for about 30 years to 

develop the pit lake and flood of the majority of PAG/NAG3 rock in the ultimate pit walls. 

 Dismantling and removing tailings dewatering and delivery structures, and equipment not required 

beyond mine closure. 
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 Pumping seepage collection ponds located to the west of the filtered tailings waste pile to the pit lake 

for approximately 30 years or until such time that suitable water quality is achieved. 

 Treatment system infrastructure to treat and release contact water. 

 Removing the Davidson Creek seepage collection pumpback systems at such time that suitable 

water quality for direct release is achieved. 

 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond 

mine closure. 

 Long-term stabilization of all exposed erodible materials. 

The remaining waste pile areas not progressively reclaimed will be reclaimed with overburden and 

re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of 

as required in the open pit. The pit will be allowed to flood and, upon filling, the pit lake will discharge via 

a constructed channel to the process water pond and hence via a closure spillway to Davidson Creek.  

Regular engineering reviews and inspections of the site will extend for at least 30 years into the closure 

period or until the site reaches a steady-state condition, with less frequent reviews and inspections 

thereafter. Long-term active management is expected to continue following the initial closure period to: 

 confirm that the filtered tailings waste pile remains partially saturated, limiting air entry into the void 

space and retarding acid generation; and 

 operate the long-term water treatment plant(s) for the Project. 

Periodic engineering reviews and inspections will be needed to confirm the performance of the water 

treatment systems, and to manage changing conditions. This long-term active closure period is assumed 

to extend into perpetuity due to the likely acid generating nature of the waste rock and potential for acid 

generation from the filtered tailings waste pile. 

7.2 Alternatives Characterization 

Based on ECCC Guidelines, the remaining alternatives are characterized using the following categories: 

 Technical Account, including considerations relating to design, engineering, construction, operation, 

and closure; 

 Environment Account, including valued components of the physical and biological environment; 

 Socio-economic Account, including valued components relating to the socio-economic, land use, and 

community and Indigenous nations well-being; and  

 Economic Account, including project costs relating to the design, construction, operation, and closure. 

The ECCC Guidelines notes that every project is unique and the characterization criteria must be 

developed with consideration to the impacts, concerns, and Indigenous, stakeholder and regulatory 

interests, relevant to the Project. A fifth account, physical stability, has been added to emphasize and 

evaluate the importance of this consideration to the short- and long-term safety of a facility. 

The potential effects on selected Project’s Valued Components (VCs) were evaluated to characterize the 

selected TSF candidates. The VCs evaluate the potential effects of the entire Project on environmental, 

social, economic, heritage, and health aspects, therefore they are not all necessarily relevant to the 

evaluation of tailings and waste rock management alternatives. Therefore, Table 7.2-1 provides a list of 

the Project’s VCs and rationale for inclusion or exclusion for this assessment. Technical, physical stability, 

and the Project economics characterization indicators were derived from the ECCC Guidelines, impact 

assessment practice, and professional judgement. 
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Table 7.2-1: Consideration of Valued Components in the Assessment 

Blackwater Gold 

Project Valued 

Component 

Included in 

Assessment of 

Tailings and Waste 

Rock Management 

Alternatives 

Rationale for Exclusion or Description of How  

Valued Component is Considered in the Analysis  

(sub-account: indicator[s]) 

Environment Valued Components 

Noise and vibration Yes Climate and air quality: noise and vibration 

Climate change Yes Climate and air quality: sensitivity to climate change 

Air quality Yes Climate and air quality: dust emissions 

Surface water flow Yes Surface water quantity: loss of catchment area 

Surface water quality Yes Surface water quality: storage of PAG material; seepage quantity; 

dam embankment area; operational discharge of treated water 

Groundwater quantity Yes Groundwater: groundwater quantity (baseflow to downstream creeks) 

Groundwater quality Yes Groundwater: groundwater quality 

Wetlands Yes Terrestrial ecosystems: loss and risk to wetlands 

Fish Habitat Yes Fish, fish habitat and aquatic resources: fish habitat 

Fish Yes Fish, fish habitat and aquatic resources: risks to fisheries and 

aquatic resources. Presence of rare and endangered aquatic 

species were characterized but were not found to be differentiating 

among alternatives and were not carried forward into the MAA. 

Physiography and 

topography 

Yes Considered under technical account, Containment design: style of 

containment  

Terrain and soil  Yes Terrain and soil: high quality soil 

Ecosystem 

composition 

Yes Terrestrial ecosystems: loss and risk to wetlands, as a proxy 

Plant species and 

ecosystems at risk 

Yes Terrestrial ecosystems: loss and risk to wetlands, as a proxy 

Amphibians Yes Wildlife and wildlife habitat: loss of high-quality habitat for species 

of conservation concern; toxicological risk to migratory birds, 

amphibians, and bats 

Water birds Yes Wildlife and wildlife habitat: loss of high-quality habitat for species 

of conservation concern; toxicological risk to migratory birds, 

amphibians, and bats 

Forest and grassland 

birds 

Yes Wildlife and wildlife habitat: loss of high-quality habitat for species 

of conservation concern; toxicological risk to migratory birds, 

amphibians, and bats; toxicological risk to terrestrial wildlife species 

Moose Yes Wildlife and wildlife habitat: loss of high-quality habitat for moose; 

toxicological risk to terrestrial wildlife species 

Caribou Yes Wildlife and wildlife habitat: loss of capable caribou habitat; 

toxicological risk to terrestrial wildlife species 

Grizzly bear Yes Wildlife and wildlife habitat: toxicological risk to terrestrial wildlife 

species 
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Blackwater Gold 

Project Valued 

Component 

Included in 

Assessment of 

Tailings and Waste 

Rock Management 

Alternatives 

Rationale for Exclusion or Description of How  

Valued Component is Considered in the Analysis  

(sub-account: indicator[s]) 

Furbearers Yes Wildlife and wildlife habitat: toxicological risk to terrestrial wildlife 

species 

Bats Yes Wildlife and wildlife habitat: loss of high-quality habitat for species of 

conservation concern; toxicological risk to migratory birds, 

amphibians, and bats 

Invertebrates Yes Wildlife and wildlife habitat: toxicological risk to terrestrial wildlife 

species 

Social Valued Components 

Demographics No Any potential changes to demographics resulting from the 

alternatives are unlikely to be differentiating among alternatives.  

Regional and 

community 

infrastructure 

No Any potential changes to regional and community infrastructure 

resulting from the various options are unlikely to be differentiating 

among alternatives. 

Regional and local 

services 

No Any potential changes to regional and local services resulting from the 

various options are unlikely to be differentiating among alternatives. 

Family and 

community well being 

No Any potential changes to family and community well-being resulting 

from alternatives are unlikely to be differentiating among alternatives. 

Non-traditional land 

and resource use 

Yes Non-traditional land use: agricultural and range tenures; registered 

traplines. 

Public recreation: overlap of areas with recreational sensitivity and 

significance. 

Current land use for 

traditional purposes 

Yes Current use of lands and resources for traditional purposes: was 

characterized individually for the following Aboriginal groups or 

governmental organizations: LDFN, NWFN, NFN, Métis, SFN, STN, 

StFN, UFN, and TNG. Each of these groups or organizations were 

characterized for: availability (abundance and distribution) of 

resources harvested by Indigenous people; access to Indigenous 

hunting areas and cultural sites; quality of resources harvested by 

Indigenous groups; and quality of Indigenous harvesters’ experience. 

Visual resources No As the Project is relatively isolated (> 15 km) from local communities, 

as well as Indian Reserves, provincial parks, protected areas, and 

recreational areas, visual resources are not anticipated to be different 

among alternatives. Further no alternatives are within established 

areas of visual quality objectives (VQOs) which are derived from the 

physical characteristics and the social concern for the area and 

identified under the Forest Practices and Range Act (2002a). 

Heritage Valued Components 

Archaeological sites Yes Heritage: known archaeological sites 

Historic heritage sites No No known historic heritage sites have the potential to overlap with 

candidate alternatives 

Paleontological 

resources 

No No known paleontological resources exist in the Project area 
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Blackwater Gold 

Project Valued 

Component 

Included in 

Assessment of 

Tailings and Waste 

Rock Management 

Alternatives 

Rationale for Exclusion or Description of How  

Valued Component is Considered in the Analysis  

(sub-account: indicator[s]) 

Human Health Valued Components 

Environmental 

exposures 

Yes Human health: potential health risks 

Workers health and 

safety 

No Project activities will adhere to all applicable laws and standards 

including the provincial Mines Act (1996c) and Health Safety and 

Reclamation Code (BC MEMPR 2008). No new or novel 

construction, operational or closures practices are proposed for any 

alternative; as such worker health and safety concerns are not 

expected to be differentiating among the alternatives 

Economic Valued Components 

Provincial economy No Alternatives are unlikely to differentially impact the overall provincial 

economy as a result of initial capital costs; sustaining capital and 

operating costs and closure costs. During operations, the Project 

would pay annual taxes.  

Regional and local 

employment and 

businesses 

Yes Employment: employment opportunities 

Regional and local 

government finance 

No Overall, Project construction and operations will have net positive 

effects on regional and local finances. During operations, the 

Project would pay annual taxes to the BC Surveyor of Taxes, with 

these funds being used to support the activities of the three regional 

districts in the Project area, as well as other regional districts in BC. 

These taxes will largely be independent of the alternative selected 

for the Project and this valued component will not be discussed 

further in this report.  

No new baseline data were collected for the purpose of this assessment. However, where relevant, 

regulations, guidelines have been updated since the completion of the Application/EIS (New Gold 2015). 

Each selected characterization criteria was characterized using either a quantitative metric (e.g., hectares 

or metres) or a qualitative evaluation (e.g., low, moderate and high potential for dust generation), with 

consideration of criteria that would be differentiating between the candidates. Several characterization 

criteria incorporate consideration of risk as it relates to potential effects from multiple factors 

(e.g., toxicological risk to wildlife and fish).  

A summary of the characterization of each candidate is provided in Tables 7.2-2 through 7.2-6. Where 

required additional rationale for the alternative characterizations are provided in the following sections. 
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7.2.1 Physical Stability Account 

The ECCC Guidelines suggest that criteria related to physical stability or safety of impoundments be 

included within the Technical account. However, due to the high emphasis on physical safety of the 

impoundment in the March 19, 2015 letter, Physical Stability has been assigned its own account. 

The physical stability criteria used in assessing the technology alternatives are (Table 7.2-2): 

 Location of water storage: Candidates that store water away from the dam are preferable. For 

candidates where water storage is within the waste storage facility, the location of the pond during 

normal operations is important since operating a pond closer to the containment dam presents 

higher risk from overtopping/dam breach as well as increased seepage rates through the dam. 

 Tailings and waste rock interstitial water: Unsaturated conditions (i.e., lower interstitial water) in 

tailings and waste rock are preferable because in the event of a dam breach, higher water content 

can increase the material’s flow potential. 

 The normal pond operating volume: Candidates holding lower volumes during normal operations 

are preferable because ponds with higher normal operating volumes have the potential to mobilize 

a larger volume of waste materials in the event of a dam breach. 

 Emergency water management (active and passive): Emergency water management incorporates 

active and passive measures to reduce the volume of water held in the TSF under emergency 

conditions. Pumping from the TSF pond is an active measure that reduces risk of overtopping/dam 

breach, whereas a spillway passively removes excess water from the TSF under emergency 

conditions. Candidates that have larger reclaim pumps and a spillway available during operation are 

preferable for emergency water management. 

 Design basis/regulatory requirements: Regulations that specify design requirements with increased 

oversite are preferable to limited guidance and regulation. For example, the regulatory requirements 

for conventional (slurry) tailings dams (i.e., dams classified as high to extreme consequence) as well 

as for sub-aqueous PAG rock storage are well developed (e.g., CDA Dam Safety Guidelines 

(CDA 2007 [Revised 2013]), Technical Bulletin: Application of Dam Safety Guidelines to Mining Dams 

(CDA 2019), Mines Act (1996c, Health, Safety and Reclamation Code for Mines in BC, 2017) 

whereas filtered tailings regulatory requirements in BC are generally undeveloped but presumably 

would be interpreted as mine waste piles (guided by British Columbia Mine Waste Rock Pile 

Research Committee (1991) Mine Rock and Overburden Piles: Investigation and Design Manual – 

Interim Guidelines, May 1991).  

 Tailings density: Candidates with higher density tailings material are more favourable because they 

have reduced potential for tailings mobilization in the event of a dam failure. Filtered tailings have the 

highest density as their tailings have low moisture content; the placement method also promotes a 

high density, which can then be increased with compaction. Slurry and paste tailings both have lower 

density tailings, as these are discharged as slurry and take longer to consolidate. 

 Maximum dam height: High dams have potentially higher consequences in the event of a failure. 

 Operational monitoring requirements – safety: Candidates which are less susceptible to changes 

require less operational monitoring effort and are preferable. 
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Table 7.2-2: Physical Stability Characterization Criteria Summary 

Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Location of water 

storage 

Alternatives with water storage away from 

containment dams are preferred 

Two ponds will be located in the TSF 

but normal operation maintains the 

TSF ponds away from dams 

The pond covers the waste rock storage 

facility and the water is against the dam 

The pond is within the waste storage 

facility and the water is against the dam 

The pond is not in the waste storage 

facility but a water management pond 

downstream of the TSF 

Yes 

Tailings and waste 

rock interstitial water 

Alternatives which promote unsaturated 

conditions in tailings are preferred due to 

the effect of water content on potential 

flow in the event of a dam breach 

The tailings and waste rock are fully 

saturated 

The tailings are partially saturated and 

waste rock is fully saturated 

The tailings and waste rock are fully 

saturated 

The tailings are partially-saturated and 

waste rock is unsaturated 

Yes 

Normal operating pond 

volume 

Alternatives with less water storage have 

less potential to mobilize a larger volume 

of waste materials and are preferred 

Target pond volume is from 2 Mm3 to 

10 Mm3 

Normal operating pond volume is between 

6 Mm3 and 10 Mm3 

Normal operating pond volume is 

between 6 Mm3 and 10 Mm3 

Normal operating pond volume is between 

1 Mm3 and 5 Mm3 

Yes 

Emergency water 

management – pumps 

(active) 

Alternatives with higher capacity pumps to 

move water from the process water pond 

are preferred due to ability to move larger 

volumes of water in emergency conditions 

Large reclaim pumps are able to move 

water quickly during an emergency: 

can reclaim 20 - 40 Mm3 per year 

Smaller reclaim pumps are not able to 

move water quickly during an emergency: 

capable of reclaiming 5 - 10 Mm3 per year 

Reclaim pumps are capable of 

reclaiming 10 - 20 Mm3 per year 

Smaller reclaim pumps are not able to 

move water quickly during an emergency: 

capable of reclaiming 5 - 10 Mm3 per year 

Yes 

Emergency water 

management – 

spillway (passive) 

Alternatives that include spillways to 

manage emergency flood conditions are 

preferred because storage of excess 

water increases the potential 

consequences of failure 

No spillway during operations; 

established after closure 

No spillway during operations; established 

after closure 

No spillway during operations; 

established after closure 

Spillway established from water 

management pond during operations 

Yes 

Design basis / 

regulatory requirement 

Alternatives that have additional design 

requirements and regulation with 

increased scrutiny are preferred 

Developed and regulated TSF design 

requirements 

Developed and regulated TSF design 

requirements for sub-aqueous PAG 

storage but undeveloped for filtered 

tailings 

Developed and regulated TSF design 

requirements 

Undeveloped requirements and regulation 

for filtered tailings; developed 

requirements for on-land PAG storage 

Yes 

Tailings density Alternatives that increase density and 

reduce potential for mobilization of tailings 

are preferred 

Thickened-slurry tailings discharged 

subaerially take a longer period to 

consolidate; lowest initial density, 

same final density as paste 

Filtered tailings have lower moisture 

content and are more physically stable; 

they are actively compacted after 

placement; highest density 

Paste tailings are discharged subaerially 

and take a longer period to consolidate; 

moderate initial density, same final 

density as thickened-slurry 

Filtered tailings have lower moisture 

content and are more physically stable; 

they are actively compacted after 

placement; highest density 

Yes 

Maximum dam height  Dams with low maximum height have 

lower consequences in the event of a 

failure and are preferred 

Dam height = 140 m Dam height = 110 m Dam height = 130 m Dam height = 40 m Yes 

Operational monitoring 

requirements – safety 

Alternatives that are less susceptible to 

sudden changes in conditions and require 

less monitoring effort are preferred 

One storage facility of concern (TSF) 

with well-defined monitoring network 

and low intensity monitoring 

Two storage facilities of concern (TSF 

and PAG WRSF) with high intensity 

monitoring 

One storage facility of concern (TSF) 

with easily defined monitoring network 

and higher intensity monitoring 

Two storage facilities of concern (PAG 

WRSF and water management pond); 

pond is a small structure with less concern 

but high intensity monitoring required 

Yes 

Notes: 

TSF = Tailings Storage Facility; PAG = Potentially Acid Generating; WRSF = Waste Rock Storage Facility 
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7.2.2 Technical Account 

Technical descriptions for Alternative Technology Options Study (Knight Piésold 2015b, 2021c; attached 

as Appendix E).  

Technical data were derived from the development of the design concepts for the four candidates. Technical 

assessment criteria were grouped under the five categories each with defined criteria. Table 7.2-3 provides 

a summary of the basic design and technical elements for each of the remaining candidates. 

Containment Design 

The following criteria were characterized to determine the best overall candidate with respect to 

containment design: 

 Style of containment: the candidate’s containment designs are classified based on the deposit’s 

location in relation to natural topography. For example, a valley-fill deposit abuts natural ground 

around most of its perimeter and typically requires a single dam or other structure to contain the 

waste. At the other end of the spectrum is a ring dike facility which is raised above the surrounding 

landscape and requires dams around the entire facility to contain the waste materials. Valley fill 

deposits are preferable as they utilize natural ground for improved, long-term stability. 

 Number of dams: Candidates with fewer dams and lower volume of construction materials are more 

favourable due to simpler construction and operational considerations. 

 Construction volumes: Candidates with fewer dams and lower volume of construction materials are 

more favourable due to simpler construction and operational considerations. 

 Tailings initial settled density: Candidates with higher tailings density have lower storage volume 

requirements, and are preferred. 

 Drainage provisions: Candidates with simpler drainage provision are preferred. Drainage provisions 

include embankment drains to control runoff and seepage from the downstream face of the TSF 

dike(s) as well as foundation drains installed beneath the tailings to promote unsaturated conditions 

in the case of the filtered tailings candidates. 

 Seepage management – physical: The physical management of seepage varies for the candidates 

and considered an important criterion of containment design. Seepage management includes cut-off 

trenches with a single collection pond downgradient of the dam. Both filtered tailings candidates, in 

addition to the cut-off trenches, require multiple seepage collection points downgradient of the TSF. 

 Seepage management – quality: The quality of the seepage is also considered a criterion for 

differentiating the candidates because seepage can degrade water quality in the receiving environment. 

Construction Requirements 

Construction requirements include foundation preparations in the TSF and PAG/NAG3 waste rock facility, 

the complexity of tailings infrastructure and initial dam construction and the ongoing (sustaining) 

construction needs. Foundation preparations for all the candidates include clearing vegetation, grubbing 

roots and large rock, and soil stripping. Alternatives with less complex initial dam construction and 

sustaining dam construction are preferred. Therefore, the following criteria were characterized to 

determine the best overall candidate with respect to construction requirements: 

 Foundation preparation for TSF (excludes dam);  

 Tailings infrastructure; 

 Foundation preparation for PAG waste rock facility; 
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 Initial dam construction; and 

 Sustaining construction (excludes water delivery). 

Water Management 

Water balance and water management are key aspects of operational and post-closure risk and potential 

environmental effects. Water management criteria are incorporated into both the physical stability and 

technical accounts because of its critical role in containment facility safety and stability. The following 

criteria were characterized to determine the best overall candidate with respect to water management: 

 Catchment area: The size of the affected catchment includes the project infrastructure footprint as 

well as the catchment area upstream of the infrastructure. Upstream runoff is usually diverted; 

however, diversion measures can be less effective during high-flow events. Smaller affected 

catchment areas are preferred as there is less water to manage during a flood event. 

 Flood routing: Flood routing is an important criterion that is differentiating among the candidates. 

Alternatives with flood routing that would limit impacts of erosion and sedimentation are preferred. 

 Water balance – surplus / deficit / balance: A large excess or deficit water balance is problematic 

because it requires additional, potentially complex, and costly diversion measures or finding make-up 

water to supplement the Project’s requirement. A small surplus or deficit is preferred as it can more 

easily be managed, particularly if it occurs later in the mine life. 

 Water recycle requirement: Water recycling is required to maintain the TSF’s water balance; less 

water recycling is more favourable from a technical perspective. 

 Water treatment: The Project will not discharge water that does not meet receiving water quality 

criteria. Alternatives that require water treatment because ARD materials are not prevented from 

oxidizing and thus generating acidic drainage are less favourable due to the costs and technical 

complexities associated with (potentially long-term) water treatment. 

 Surplus water management: Surplus water can be managed with either with simple diversions or 

pipeline conveyance (preferred) or with more complex water collection, water treatment, discharge. 

 Operational monitoring requirements – internal site water management: Site-wide water monitoring 

and management requirements are expected to be less onerous for candidates that are less 

susceptible to changing conditions that can affect water quality. 

Execution 

The following criteria were characterized to determine the best overall candidate with respect to execution: 

 Technology precedent – processing: Candidates with proven and well-established technology 

precedents with respect to tailings processing are preferred.  

 Technology precedent – storage: Slurry tailings production technology is proven at the Project 

production rate (55,000 tpd); however, no precedent exists for filtered tailings processing at the 

maximum project production rate and at similar climates. Most of the operating filtered tailings 

facilities are at much lower throughput and in arid to semi-arid climates. 

 Tailings delivery complexity: The delivery of slurry tailings is much simpler as it can be pumped and 

gravity-fed through a pipeline whereas filtered tailings require a complex system of conveyors and 

stacker or a large fleet of trucks to place the material.  

 Tailings placement complexity: The placement of slurry tailings is through spigots which discharge to 

relatively small areas and are not significantly affected by weather conditions. Filtered tailings 
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placement requires spreading from the stacker or dumping from trucks across a relatively large 

working area, tailings compaction to limit infiltration and management of precipitation including 

snow removal. 

 PAG waste rock delivery and precedent: Alternatives with less complex PAG waste rock delivery 

(shorter distance to haul from the pit to the TSF) and the use of thick lift placement are preferred due 

to lower placement costs. 

 Operational flexibility: Operational flexibility considers alternative discharge areas or ease of 

adjustment of the placement method. 

Closure 

Closure activities were also considered for each of the candidates. The following criteria were 

characterized to determine the best overall candidate with respect to closure: 

 Closure concept – physical; 

 Closure concept – geochemical; 

 Closure concept – active closure period; 

 Closure concept – long-term maintenance and monitoring; 

 Concurrent closure and reclamation; and 

 Premature closure. 
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Table 7.2-3: Technical Characterization Criteria Summary 

Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings/ Submerged PAG 

Candidate 7 – 

Filtered Tailings / Submerged PAG 

Candidate 10 – 

Paste Tailings / Submerged PAG 

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Containment Design 

Style of containment Alternatives that make use of natural 

topography are preferred 

The design makes use of natural 

ground on two sides of the facility as a 

level valley-fill deposit 

The design makes use of natural ground 

on two sides of the facility but is a 

heaped valley-fill deposit 

The design makes use of natural 

ground on two sides of the facility as a 

level valley-fill deposit 

The design makes use of natural ground on 

two sides of the facility but is a heaped 

valley-fill deposit; the PAG WRSF has 

natural ground on only one side (side hill fill) 

Yes 

Number of dams Alternatives with fewer dams have less 

scheduling risk and long term 

maintenance requirements and are 

preferred 

Design accommodates four dams to 

contain tailings 

Design accommodates one dam to 

contain PAG waste rock 

Design accommodates three dams to 

contain tailings 

Design has no waste-retaining dams but a 

single-stage water dam 

Yes 

Construction volumes Alternatives requiring less dam 

construction material are preferred 

Dams will require 80 to 90 Mm3 of 

construction material 

Dam will require 20 to 40 Mm3 of 

construction material 

Dam will require 60 to 80 Mm3 of 

construction material 

Dam will require 1 to 10 Mm3 of construction 

material 

Yes 

Tailings initial settled 

density 

Alternatives with higher initial tailings 

density will require reduced storage 

volume requirements and are preferred 

Tailings are thickened but have lower 

initial settled density (1.2 - 1.6 t/m3) 

compared to filtered tailings 

Tailings are filtered and have higher 

initial settled density (1.6 - 1.8 t/m3) 

Tailings are thickened but have lower 

initial settled density (1.2 - 1.6 t/m3) 

compared to filtered tailings 

Tailings are filtered and have higher initial 

settled density (1.6 - 1.8 t/m3) 

Yes 

Drainage provisions Alternatives with more simple drainage 

provisions are preferred 

Drainage provisions are simple with 

easily installed embankment drains 

Drainage provisions are complex for 

foundation drains beneath the TSF; 

simple, easily installed embankment 

drains 

More complex embankment drains are 

required; no underdrains are required 

Drainage provisions are complex for 

foundation drains beneath the TSF and 

PAG waste rock facilities 

Yes 

Seepage management 

– physical 

Alternatives with less foundation 

preparation and simpler seepage 

collection facilities are preferred 

Seepage management includes cut-off 

trenches with single seepage 

collection point downgradient of dams 

Seepage management includes cut-off 

trenches with multiple seepage 

collection points 

Seepage management includes cut-off 

trenches with multiple seepage 

collection points 

Seepage management includes cut-off 

trenches with multiple seepage collection 

points; liner and closure cover for PAG rock 

facility required 

Yes 

Seepage management 

– quality 

Alternatives that minimize degradation of 

water quality are preferred 

PAG waste rock and tailings are 

submerged and saturated, minimizing 

potential for water quality degradation 

PAG waste rock is submerged and 

saturated but management of PAG 

tailings runoff and seepage required to 

minimize water quality degradation 

PAG waste rock and tailings are 

submerged and saturated, minimizing 

potential for water quality degradation 

Management of runoff and seepage 

associated with PAG waste rock and tailings 

required to minimize water quality 

degradation 

Yes 

Construction Requirements 

Foundation preparation 

for tailings storage 

area (excludes dam) 

Alternatives with smaller footprint area 

and/or less involved requirements for 

surface preparation are preferred 

Large footprint but less involved 

foundation preparation (clearing, 

grubbing and stripping of TSF 

footprint) 

Involved foundation preparation 

requirements (clearing, grubbing and 

stripping, foundation preparation and 

drainage installation for TSF footprint) 

Large footprint but less involved 

foundation preparation (clearing, 

grubbing and stripping of TSF footprint) 

Small footprint but involved foundation 

preparation requirements (clearing, grubbing 

and stripping, foundation preparation and 

drainage installation for TSF) 

Yes 

Tailings infrastructure Alternatives with fewer facilities that need 

to be constructed and commissioned for 

tailings distribution are preferred 

Infrastructure required for slurry 

production and thickening 

Infrastructure required for slurry 

production, thickening, filtration and a 

load-out facility 

Infrastructure required for slurry 

production and increased thickening  

Infrastructure required for slurry production, 

thickening, filtration and a load-out facility 

Yes 

Foundation 

preparation for PAG 

waste rock facility 

Alternatives that avoid PAG waste rock 

storage on land that require less surface 

preparation and/or infiltration prevention 

measures are preferred 

PAG waste rock co-disposed with 

tailings; foundation preparation 

requires clearing, grubbing and 

stripping 

Saturated storage of PAG; foundation 

preparation for PAG waste rock facility 

same as TSF and requires clearing, 

grubbing and stripping 

PAG waste rock co-disposed with 

tailings; foundation preparation requires 

clearing, grubbing and stripping 

Foundation preparation for PAG waste rock 

facility requires clearing, grubbing, stripping, 

foundation preparation, liner, and runoff and 

seepage collection installation 

Yes 

Initial dam 

construction 

Alternatives with less complex initial dam 

construction are preferred 

Complex initial dam construction: 

multiple stage with moderate 

construction volumes 

Complex initial dam construction: 

multiple stage with large construction 

volumes 

Complex initial dam construction: 

multiple stage with large construction 

volumes 

Less complex initial dam construction: 

single stage water dam with low 

construction volumes 

Yes 

Sustaining construction 

(excludes waste 

delivery) 

Alternatives with less complex sustaining 

construction requirements are preferred 

Dam raise required every (1) year Dam raise required every five (5) years Dam raise required every two (2) years No sustaining dam construction; completed 

during initial construction 

Yes 
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings/ Submerged PAG 

Candidate 7 – 

Filtered Tailings / Submerged PAG 

Candidate 10 – 

Paste Tailings / Submerged PAG 

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Water Management 

Catchment area Alternatives with smaller catchment areas 

would develop smaller flood volumes and 

are preferred 

Catchment area upstream of the mine 

facilities approximately 45 km2 

Catchment area upstream of the mine 

facilities approximately 30 km2 

Catchment area upstream of the mine 

facilities approximately 45 km2 

Catchment area upstream of the mine 

facilities approximately 23 km2 

Yes 

Flood routing Alternatives with flood routing that would 

limit impacts of erosion and sedimentation 

are preferred 

Flood is routed for storage in the pond; 

there is no downstream discharge for 

the IDF 

Flood is routed into active (TSF) 

construction area; no downstream 

discharge for the IDF 

Flood is routed for storage in the pond; 

there is no downstream discharge for 

the IDF 

Flood is routed into active (TSF) 

construction area; discharge would be 

directed downstream through an 

operational spillway 

Yes 

Water balance - 

surplus/deficit/ balance 

Alternatives which can maintain a 

balanced condition throughout operations 

and closure are preferred 

Water balance has slight surplus late 

in mine life that can be managed by 

additional freshwater diversions 

Water balance has large surplus (3 Mm3 

to 6 Mm3/y) managed through diversions 

and treated discharge during operation 

Water balance has moderate surplus 

(2 to 6 Mm3/y) managed through 

diversions initially and treated 

discharge later on during operation 

Water balance has large surplus (3 to 

6 Mm3/y) managed through diversions and 

treated discharge during operation 

Yes 

Water recycle 

requirement 

Alternatives that require less water 

recycle are preferred 

Relatively large volume of annual 

water recycle required  

(10 - 20 Mm3/year) 

Small volume of annual water recycle 

required (< 5 Mm3/year) 

Moderate volume of annual water 

recycle required (5 - 10 Mm3/year) 

Small volume of annual water recycle 

required (< 5 Mm3/year) 

Yes 

Water treatment Alternatives that require capture of surface 

water from multiple areas for treatment 

and discharge are less preferred 

No PAG materials allowed to generate 

ARD that require collection and 

treatment; discharge of treated mine 

water may be required during operations  

Capture and treatment for the PAG 

tailings stack required; discharge of 

treated mine water may be required 

during operations  

No PAG materials allowed to generate 

ARD that require collection and treatment; 

discharge of treated mine water may be 

required during operations.  

Capture and treatment for the PAG tailings 

stack and PAG waste rock required; 

discharge of treated mine water may be 

required during operations.  

Yes 

Surplus water 

management 

Alternatives that deal with surplus 

conditions with simpler water 

management are preferred 

Surplus water can be managed via 

diversion ditches and/or pipeline 

conveyance 

Surplus water would need to be 

collected, treated and discharged  

(1 - 5 Mm3/year) 

Surplus water would need to be 

collected, treated and discharged  

(< 1 Mm3/year) 

Surplus water would need to be collected, 

treated and discharged (1 - 5 Mm3/year) 

Yes 

Operational monitoring 

requirements - internal 

site water 

management 

Alternatives that are less susceptible to 

sudden changes in conditions and require 

greater monitoring effort are preferred 

Less susceptible to sudden changes 

in condition requiring standard water 

quality monitoring to confirm 

expectations 

Potentially more susceptible to sudden 

changes in conditions; the positioning of 

mine facilities also complicates 

monitoring requirements 

Potentially more susceptible to sudden 

changes in conditions; the positioning 

of mine facilities also complicates 

monitoring requirements 

Extensive internal site water quality 

monitoring at multiple locations, with 

expected variances requiring response and 

correction 

Yes 

Execution 

Technology precedent 

– processing 

Alternatives utilizing tailings production 

technology proven at project throughput 

rates and in similar climates are preferred 

Thickened slurry tailings production 

technology is proven at the Project 

throughput in this climate 

Filtered tailings production technology is 

not proven at the Project throughput in 

this climate 

Paste tailings production technology is 

not proven at the Project throughput in 

this climate 

Filtered tailings production technology is not 

proven at the Project throughput in this 

climate 

Yes 

Technology precedent 

– storage 

Alternatives utilizing tailings production 

technology at project throughput rates 

shown to be effective in similar site 

conditions are preferred 

The storage technology (valley fill with 

staged, centre-line dam construction) 

is proven at the Project throughput 

The most representative example of a 

mining project utilizing filtered tailings in 

climate conditions similar to the Project is 

Greens Creek located 30 km southwest 

of Juneau, Alaska. The throughput at 

Greens Creek is 1,500 tpd; however, only 

approximately 50% of the tailings is 

filtered and the remainder is used as 

paste backfill for underground workings; 

thus, the storage technology is not 

proven at the Project throughput; proven 

at less than 6,000 tpd in climatic 

conditions similar to the Project  

Candidate contemplates an alternative 

tailings dewatering strategy where 

tailings will be dewatered further 

(instead of being re-pulped) and 

discharged as a non-segregating paste 

in the TSF. A paste surface disposal 

facility at this throughput is not beyond 

Canadian precedent, although it is not 

common in BC or Canada. 

The most representative example of a 

mining project utilizing filtered tailings in 

climate conditions similar to the Project is 

Greens Creek located 30 km southwest of 

Juneau, Alaska. The throughput at Greens 

Creek is 1,500 tpd; however, only 

approximately 50% of the tailings is filtered 

and the remainder is used as paste backfill 

for underground workings; thus, the storage 

technology is not proven at the Project 

throughput; proven at less than 6,000 tpd in 

climatic conditions similar to the Project 

Yes 

Tailings delivery 

complexity 

Alternatives that have less complex 

tailings delivery systems are preferred 

Simple tailings delivery using gravity-

fed pipeline 

Requires complex system of conveyor / 

stacker (likely more than one) or truck 

haul delivery 

Requires pumps to deliver tailings to 

TSF 

Requires complex system of conveyor / 

stacker (likely more than one) or truck haul 

delivery 

Yes 
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings/ Submerged PAG 

Candidate 7 – 

Filtered Tailings / Submerged PAG 

Candidate 10 – 

Paste Tailings / Submerged PAG 

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Tailings placement 

complexity 

Alternatives with smaller active fill 

surfaces are preferred due to impact of 

mechanical spreading and/or compaction, 

precipitation, snow and ice removal  

Simple placement over smaller area, 

not affected, or to a small degree by 

weather conditions 

Most complex tailings placement 

requiring spreading, compaction and 

management of precipitation (snow 

removal) 

More complex placement with pumping 

from central dike; affected to a small 

degree by weather conditions 

Most complex tailings placement requiring 

spreading, compaction and management of 

precipitation (snow removal) 

Yes 

PAG waste rock 

delivery and 

placement 

Alternatives with less complex PAG waste 

rock delivery and placement are preferred 

due to lower placement costs 

Complex: PAG waste rock has long 

haul and placed in thin lifts concurrent 

with tailings placement 

Less complex: PAG waste rock can be 

placed in thick lifts despite the long haul 

distance 

Very complex: PAG waste rock has long 

haul and there is increased co-disposal 

difficulty associated with concurrent 

placement with paste tailings 

Less complex: PAG waste rock can be 

placed in thick lifts and has short haul 

distance 

Yes 

Operational flexibility 

for tailings discharge 

Alternatives with secondary discharge 

areas and/or ease of adjustment to 

placement method are preferred 

Flexible because there are secondary 

discharge points within the primary 

facility that minimize production delays 

to less than a day 

Less flexible despite provision of an 

upset facility for out of specification 

tailings; production delays up to a month 

are possible 

Flexible as there are secondary 

discharge points within the TSF that 

would minimize production delays to 

less than a week 

Less flexible despite provision of an upset 

facility for out of specification tailings; 

production delays more than a month are 

possible 

Yes 

Closure 

Closure concept – 

physical 

Alternatives with less water contained 

and/or water positioned away from dams 

within the TSF at closure are preferred 

The pond is within the TSF and it is 

contained in a small area and water 

stored away from the dam at closure 

The pond covers waste rock in the PAG 

disposal area and water is against the 

dam 

Water produced from the paste tailings 

accumulates against the dam 

The pond is not in the waste storage facility Yes 

Closure concept – 

geochemical 

Alternatives that passively manage 

geochemical concerns in closure are 

preferred 

All PAG materials are submerged and 

saturated  

PAG waste rock is submerged however 

surface management of PAG tailings will 

be required 

PAG materials saturated. Some surface 

management of PAG tailings may be 

required 

Surface management of all PAG materials 

required. 

Yes 

Closure concept – 

active closure period 

Alternatives that require a shorter term 

active closure period are preferred 

Shorter active closure period with 

pumping of tailings pond supernatant 

to the pit for about 18 years 

Longer active closure period, with; 

pumping of tailings pond supernatant to 

the pit for about 29 years 

Shorter active closure period with 

pumping of tailings pond supernatant to 

the pit for about 19 years 

Longer active closure period with pumping 

of seepage collection ponds to the pit lake 

for approximately 30 years 

Yes 

Closure concept – 

long-term 

maintenance and 

monitoring 

Alternatives that require lower long-term 

maintenance and monitoring are preferred 

Less long-term maintenance and 

monitoring because there one facility 

of concern with normal confirmatory 

closure monitoring and maintenance 

expected 

More long-term maintenance and 

monitoring as there are two facilities of 

concern requiring site wide water quality 

monitoring with variances potentially 

requiring correction 

More long-term maintenance and 

monitoring as there is one facility of 

concern requiring site wide water 

quality monitoring with variances 

potentially requiring correction 

Most long-term maintenance and monitoring 

as there are two facilities of concern, 

requiring extensive internal site wide water 

quality monitoring, expected variances 

requiring correction. Potential for long-term 

water treatment. 

Yes 

Concurrent closure 

and reclamation 

Alternatives where project facilities can be 

concurrently reclaimed during operations 

are preferred 

Some areas can be progressively 

reclaimed: TSF embankments and 

upstream part of TSF 

Limited areas can be progressively 

reclaimed: PAG rock dam embankments 

and lower slopes of TSF 

Some areas can be progressively 

reclaimed: TSF embankments 

Limited areas can be progressively 

reclaimed: lower slopes of PAG rock dump 

and TSF 

Yes 

Premature closure Alternatives that are more amenable to 

premature closure are preferred 

Requires minimal amount of 

earthworks for implementation of 

closure plan - smaller surface area on 

TSF because of supernatant pond(s) 

Requires large amount of earthworks for 

implementation of closure plan because 

of large surface area on TSF 

Requires some earthworks to fill in low 

spots to facilitate water management 

and reclamation of large surface area 

on TSF 

Requires substantial earthworks for 

implementation of closure plan: largest 

surface area TSF and PAG rock dump 

Yes 

Notes: 

PAG = potentially acid generating; NAG = non acid generating; TSF = Tailings Storage Facility; PMF = probably maximum flood; IDF = inflow design flood 
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7.2.3 Environment Account 

No new baseline data were collected specifically for the purpose of environmental characterization of 

each candidate. The information was sourced from various baseline studies and the Environmental 

Assessment (New Gold 2015) in addition to any more recent studies (e.g., Knight Piésold 2021a,b), 

the experience and professional judgement of the scientists and engineers who completed the 

characterization. Environment assessment criteria were grouped under the following categories 

(Table 7.2-4). 

Climate and Atmosphere 

The following criteria were characterized to determine the best overall candidate with respect to impacts 

to climate and atmosphere: 

 Noise and vibration: The effect of the Project on the local noise and vibration conditions is assessed 

from the perspective of potential pathway effects to other receptors, such as current use of lands and 

resources for traditional purposes. 

 Dust emissions: The effect of the Project on the local atmosphere is assessed from the perspective of 

potential dust generation from the candidates because this can affect terrestrial ecosystems and 

human health. The Project has the potential to produce dust at all stages of mining, from initial 

stripping and handling of soil and rock to processing, transporting and storage of tailings. Primary 

dust sources during mine construction and operation associated with waste handling and storage 

include roads used by vehicles (e.g., haul truck from the pit to the plant), and the tailings beaches 

and embankments. 

Filtered tailings have properties that can reduce dust potential including a trafficable surface which 

provides more options for direct dust control, whereas slurry and paste tailings are more difficult to 

access as they have higher moisture content and lower density affecting trafficability. In addition, 

the phasing of a filtered tailings facility can be optimized, to some degree, to allow progressive 

reclamation of final slopes as they are constructed thereby reducing potential for dust generation.  

Slurry and paste tailings are more favourable as they have higher moisture contents and remain 

saturated or partially saturated over large areas of a TSF, which reduces their potential to generate 

dust. Paste tailings are non-segregating and tend to form a crust which results in less fine particulates 

available at surface for transport as dust. Although it is difficult to state whether one of the disposal 

technologies has significantly lower dusting potential, filtered tailings are expected to generate dust 

earlier after placement due to their low moisture content and to generate more dust per unit area 

without mitigation and therefore considered less favourable. Importantly, since the tailings and some 

of the waste rock are PAG/ML and have high metal content, there is hazard from potentially toxic dust 

for the candidate that does not store PAG material sub-aqueously. This can constitute risk to human 

health, vegetation and wildlife habitat. 

 Sensitivity to climate change: Sensitivity to climate change in this assessment is based on the ability 

to maintain water cover of PAG/NAG3 material in droughts and the ability to manage high flows in 

extremely wet conditions. Drought conditions and loss of vegetative cover on reclaimed waste 

storage facilities can expose PAG/ML materials to oxidation and generation of ML/ARD that could 

require long-term water treatment. Therefore, candidates that store PAG materials sub-aqueously are 

considered less sensitive to climate change. Impoundments that are designed to hold water during 

closure and during higher return period floods (e.g., the PMF) during operations and post-closure are 

more resilient to climate change. 
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Surface Water Quantity 

The following criteria were characterized to determine the best overall candidate with respect to impacts 

to surface water quantity: 

 Catchment loss: During operation of the TSF (and waste rock facilities), all contact water will be 

isolated from downstream creeks by the dam and collection ditches / ponds that will collect contact 

water for recycling. The candidate footprints and watershed boundaries are shown in Figure 7.2-1 

and illustrate that the TSF footprints are predominantly within the Davidson Creek catchment. 

Catchment areas upstream of the TSFs were calculated for each candidate to provide an estimate of 

effect on surface water quantity. 

 Water make-up requirement: Water make-up requirement is the volume of freshwater (i.e., not 

reclaimed water) that a project requires to meet its processing and other water needs. More process 

water is recovered from filtered tailings than slurry tailings prior to deposition in a TSF. The recovered 

water is recycled thereby reducing the fresh water (make up) requirement for processing.  

Surface Water Quality 

The following criteria were characterized to determine the best overall candidate with respect to impacts 

to surface water quality: 

 PAG storage: The potential effect on surface water quality was assessed by contrasting the potential for 

ML/ARD based on whether storage of PAG materials (tailings and waste rock) is on land or submerged. 

Sub-aqueous storage reduces the ML/ARD potential because of much reduced oxidation of sulphide 

materials compared to on land storage. On land storage of PAG/ML materials has a greater likelihood of 

affecting downstream surface water quality particularly in post-closure with a potential consequence 

being that aggressive long-term water treatment may be required to meet downstream water quality 

objectives due to allowing PAG materials to oxidize and generate acidic drainage. 

 Seepage quantity: Seepage through the TSF’s containment dam is influenced by, inter-alia, the 

proximity of the water pond to the dam. Dams with adjacent water ponds can have seepage rates 

several times higher than TSFs where the pond is at some distance from the dam. 

 Dam embankment area: Surface water quality of the receiving environment can be affected by the 

quality of dam contact water. The surface area of the containment dam is proportional to the volume 

of runoff and seepage from the dam construction materials. NAG waste rock used to construct the 

containment dam has potential to affect surface water quality because of neutral metal-leaching 

(albeit low potential) from the NAG waste rock and nitrogen compounds from explosive residuals. 

Although dam seepage will mostly be collected in the downstream seepage collection ponds, a very 

small volume might by-pass the collection system and discharge to the environment (New Gold 

2015). In addition, although there is sufficient NAG waste rock and overburden to construct the dams, 

larger dams have greater potential for inclusion of limited PAG waste rock due to incomplete 

segregation with the construction material. 

Groundwater 

Groundwater effects from the Project are predicted to be minimal provided mitigation measures, including 

seepage cut-off and collection ponds are in place and effective around the perimeter of the TSF. Seepage 

and contact water collection is especially important where discharge is to relatively low flow streams. 

The following criteria were characterized to determine the best overall candidate with respect to impacts 

to groundwater: 
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 Groundwater quantity: Groundwater flow is affected by the hydraulic conductivity of the geologic 

materials underlying the TSF, the hydraulic gradient between the TSF and adjacent groundwater 

regime as well as the surface storage area. A large TSF can result in higher groundwater flows 

because of the larger area and hydraulic gradient compared to a smaller structure. However, the 

engineered groundwater cut-off downstream of a TSF dam is expected to intercept groundwater flow 

and reduce its contribution to downstream creek flow compared to a smaller structure where less 

groundwater is intercepted. Therefore, the candidates with large dams that divert larger upstream 

catchment areas are expected to reduce groundwater contribution to downstream creeks to a greater 

extent than a small dam. Upstream diverted catchment area has been used as a metric for assessing 

changes in groundwater flow between the candidates. 

 Groundwater quality: Groundwater quality is influenced by the generation of infiltration to aquifers by 

ML/ARD, primarily from PAG/ML material. PAG/ML materials stored on land are expected to generate 

ML/ARD, resulting in higher risk of affecting groundwater quality compared to those candidates where 

PAG materials are submerged. 

Terrain and Soil 

Soils have been mapped as part of the Project’s soil resource baseline mapping and soil management 

units. The soil mapping is at a reconnaissance scale and has been supplemented with TEM site series 

mapping to better define land characteristics (primarily drainage differences), which influence soil 

productivity within the mapped soil polygon. 

The primary impact associated with the loss of soil is interpreted as the loss of potential land/soil 

productivity as related to forest site productivity. High quality soils were based on soil productivity ratings, 

which have Site Index Values of 14.8 m2 – 19.9 m2 (i.e., the mean tree height in metres versus tree 

diameter at breast height for 50 year old tree). 

Fish, Fish Habitat, and Aquatic Resources 

Fish and aquatic resources baseline studies were conducted within the Aquatics Local Study Area 

(ALSA) and Aquatics Regional Study Area (ARSA) specifically for the project from 2011 to 2013 

(AMEC 2013j and 2013k). Twelve species of fish were captured in the ALSA and ARSA (Section 4.2.3). 

The storage of mine tailings and waste rock can potentially affect stream and lake habitats, resulting in 

direct effects to fish, or indirect effects on biological resources such as primary and secondary producers. 

The following criteria were characterized to determine the best overall candidate with respect to impacts 

to fish, fish habitat, and aquatic resources: 

 Risks to fisheries and aquatic resources: Risk to fish species and aquatic resources result from 

potential changes to downstream water quality and water quantity. Risk from water quantity changes 

will be mitigated by augmenting flow in Davidson Creek with water piped from Tatelkuz Lake. Water 

quality changes may result from poor quality runoff and seepage entering downstream creeks. 

The potential for poor quality water are greater for candidates that store PAG materials on land. 

 Diversity of fish community: The diversity of fish in affected waterbodies influences the overall impact 

on fish and fish habitat. 

 Fish habitat: Initial assessment of how candidates affected fish habitat was based on the length and 

area of the streams affected. This assessment was conducted using baseline stream measurements 

gathered using the fish habitat assessment procedure (FHAP; Johnston and Slaney 1996) and the 

Reconnaissance 1:20,000 Fish and Fish Habitat Inventory methods (RIC, 2001; AMEC 2013e and 

2013 f). The candidates with larger footprints within the Davidson Creek and Creek 661 valley result 

in greater loss of fish habitat (Figure 7.2-2). Secondary assessment of the selected candidate 
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involved characterization of affected stream segments using the Habitat Evaluation Procedure (HEP) 

to calculate habitat units (HU), based on field-assessed habitat types and class. Impacted HU were 

calculated based on the areas of the stream segments and relevant habitat suitability criteria (AMEC 

2014). The HEP assessment evaluates relevant life stages (i.e., spawning/egg incubation, fry 

summer rearing, juvenile summer rearing, and overwintering) for rainbow trout, because it was the 

only species encountered during baseline sampling in the affected upper reaches of Davidson Creek 

and Creek 661. 

 Presence of rare and endangered aquatic species: All of the candidates are within the Project’s Local 

Study Area (LSA) and the data collected during the Project’s baseline sampling program were used to 

determine the presence of rare and endangered aquatic species. Species of special concern, due to 

their conservation status in lakes and streams within and downstream from the candidates, were 

identified by screening the baseline information on the phytoplankton, zooplankton, and benthic 

invertebrate communities with the BC CDC on-line database (BC CDC 2020). The taxonomy lists 

reported in the Blackwater Gold Project: Fish and Aquatic Resources 2011-2012 Baseline Report 

(AMEC 2013h) were cross-referenced with the lists of organisms with special conservation status in 

the Bulkey-Nechako, Central Coast, and Kitimat-Stikine regional districts. The BC Conservation Data 

Centre on-line database contains the current species listings under Species at Risk Act (2002a) 

and COSEWIC. 

 The BC blue-listed (BC CDC 2020) freshwater mollusc Acroloxus coloradensis was observed in the 

headwater 01682LNRS Lake, which will be potentially affected by all of the candidates. Acroloxus 

coloradensis is listed as a taxon of “Special Concern”, which is assigned to organisms potentially 

sensitive or vulnerable to human activities or natural events. The Brassy Minnow is a blue-listed 

species in BC and is classified as sensitive or vulnerable (BC CDC 2020). Blue-listed taxa are at risk, 

but are not extirpated, endangered or threatened. Brassy Minnow is not ranked by the COSEWIC or 

listed under the Species at Risk Act (2002a). No aquatic species of conservation concern, including 

the aforementioned mollusc, were identified in the Section 79(1) notification under Species at Risk 

Act (2002a). 

Terrestrial Ecosystems 

With respect to impacts to terrestrial ecosystems, ‘Loss and risk to wetlands’ was identified as the 

criterion to determine the best overall candidate. Terrestrial ecosystems were mapped during baseline 

studies conducted between 2011 and 2013 for the Vegetation Local Study Area (VLSA) and Vegetation 

Regional Study Area (VRSA). The results of these studies were used to assess the loss and risk to 

wetlands and listed ecosystems from the candidate candidates. Bogs and swamps are the most common 

wetlands which occur in the Project area, though fens, marshes, shallow-water, and ponds are also 

present. The wetland areas lost for each candidate were calculated using terrestrial ecosystem mapping 

(TEM) shapefiles clipped to the footprints of each candidate (Figure 7.2-3). The wetland areas shown in 

Figure 7.2-3 are not entirely comprised of wetlands and instead show the percentage of wetlands in the 

TEM mapped polygon. Risk to wetlands was assessed on the basis of the potential for poor quality run-off 

and seepage from the mine facilities altering adjacent wetlands.  

Wildlife and Wildlife Habitat 

The disposal of tailings and waste rock material removes high quality wildlife habitat within a TSF footprint, 

and indirectly affects adjacent high quality habitat through effects such as noise, fugitive dust, and habitat 

isolation. Important wildlife species were identified as species of conservation concern, species of regional 

importance, and keystone species (Indigenous cultural and traditional use). Key life stages and seasons 

include feeding winter, summer, spring, and security thermal – growing/living, and/or hibernating) and the 

habitat suitability models were based on TEM. Habitat suitability modeling was completed as part of the 
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Application/EIS to examine the availability of high-quality habitat for important wildlife species at various life 

stages and seasons within an area. However updated habitat mapping was completed in response 

direction provided from the province of British Columbia, Ministry of Forest Lands Renewable Resource 

Operations and Rural Development (FLNRORD) and ECCC (ERM 2018c). The candidates considered 

here are within the Project’s habitat suitability modeling areas, and data available are sufficient to compare 

the effects of the candidates on high quality wildlife habitat. 

The following criteria were characterized to determine the best overall candidate with respect to impacts 

to wildlife and wildlife habitat: 

 Lost of high-quality habitat for species of conservation concern: Species of conservation concern 

include terrestrial birds, myotis bats and western toad. The olive-sided flycatcher (Contopus cooperi) 

is a species of conservation concern that have high-quality habitat within the LSA. Two bat species 

of conservation concern: northern myotis (Myotis septentrionalis), and little brown myotis (Myotis 

lucifugus) were detected within the LSA. Western toad is a species of conservation concern, listed as 

Special Concern on Schedule 1 of Species at Risk Act. Most of the high-quality habitat for these species 

is located in the northeastern area of the candidate footprints (Figure 7.2-4). For this assessment, the 

high-quality habitat areas for each of these species for key life stages and seasons within the candidate 

footprints were added together to provide an indication of high-quality habitat loss (Figure 7.2-4). 

 Loss of capable caribou habitat: Based on the recommendations made during the EIS Application 

technical review, a revised habitat map of the critical habitat for the Tweedsmuir caribou was 

completed (ERM 2018c). Matrix 1 habitat is defined as being within the defined Local Population Unit 

(LPU) range but is not consistently or currently used by caribou. The critical habitat was considered 

to be the capable caribou habitat that includes Matrix 1 habitat (low usage by caribou and used for 

movement between low and high elevation areas), the low elevation winter range (LEWR; occurs at 

the bottoms of valleys and lowlands where habitat usage by caribou is focused) and LE-Matrix 1, 

and the high elevation winter range (HEWR; occupies the tops of the mountains) and HE-Matrix 1. 

Matrix 2 habitat (not included in capable caribou habitat) was defined as habitat extending from the 

local population to natural landscape features that would be barriers to movement, such as reservoirs 

or large lakes or out to 20 km from the local population unit. The loss of capable caribou habitat was 

assessed by calculating the areas lost for each of the Matrix 1 habitat types (e.g., LE-Matrix 1) from 

the candidate footprints (Figure 7.2-5). 

 Loss of moose high-quality habitat: LDN and UFN reviewers of the EIS Application commented that 

the presentation of moose habitat loss alone was uninformative to assess potential effects to moose 

populations (ERM 2016b). The recommendation was to evaluate functional habitat loss, i.e., determine 

the effect of habitat loss relative to home range size. Thus the predicted loss of high value moose 

winter habitat associated with each of the candidates was calculated.  

 Toxicological risk to migratory birds, amphibians and bats: Migratory birds and amphibian species 

were combined because of their exposure to contaminants of potential concern (COPCs) in water: 

through dermal contact and ingestion of vegetation, insects and water in ponds. During construction 

and operation, the tailings pond is unlikely to provide foraging for these species due to the abiotic 

nature of these facilities. Mine ponds may be used as resting places for migrating birds particularly 

post-closure, however the water quality is anticipated to meet guidelines after reclamation.  

 The potential for elevated concentrations of COPCs in downstream wetlands can occur during all 

phases of the Project and water birds drinking and foraging on vegetation and aquatic invertebrates 

in these areas can be exposed to elevated concentrations of COPCs. Insect prey that inhabits these 

areas may have elevated concentrations of COPCs in their tissues and water birds can bio-accumulate 

these COPCs into their bodies when consuming this prey with elevated concentrations of COPCs. 
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 The primary exposure pathway of COPCs for amphibians is through dermal absorption and through 

bioaccumulation of COPCs in the food web when consuming insect prey with elevated concentrations 

of COPCs. Water with elevated concentrations of COPCs will occur at the Mine Site and potentially 

downstream of the Mine Site. As breeding habitat for amphibians was primarily documented in 

anthropogenic fishless waterbodies during baseline studies, amphibians, particularly Western toad, 

may be attracted to the TSF for breeding purposes. In addition, toads have been documented using 

downstream tributaries and lakes for breeding, thus have potential to accumulate COPCs through 

dermal absorption from these waterbodies if these waterbodies have elevated concentrations of 

COPCs and if they are being used for breeding purposes. In addition, insect prey that inhabits both the 

TSF and downstream areas may potentially have elevated concentrations of COPCs in their tissues 

and amphibians can bioaccumulate these chemicals into their bodies when consuming these prey. 

 Bats are likely to occur during all Project phases in the downstream wetlands, as disturbance will be 

minimized in these areas. Bats were recorded in the greatest abundance in these downstream 

wetlands during baseline studies conducted for the Project. The main COPC exposure pathway for 

bats from project-related activities occurs via bioaccumulation through insect prey. Exposure through 

drinking water and dust are minimal for bats. Bats in this area forage on night-flying insects, and 

some bat species forage over water on emergent aquatic insects (O'Shea, Clark, and Boyle 2000). 

The myotis bats forage over water on emergent aquatic insects.  

Water with elevated concentrations of COPCs will occur at the Project and potentially downstream of 

the Project and insect prey that inhabit these areas may have elevated concentrations of COPCs in 

their tissues which bats can bio-accumulate when consuming prey with elevated concentrations of 

COPCs. The TSF is likely to have few insects during Construction and Operation phases of the 

Project due to the abiotic nature of the pools with little support for insect life. At closure when these 

pools are reclaimed, a greater abundance of insects at the TSF is anticipated and thus the potential 

for bats foraging on these insects at this time is greater. The TSF is anticipated to meet water quality 

guidelines after mine closure.  

 Toxicological risk to terrestrial wildlife species: Species-specific habitat, distribution, and primary 

exposure route can dictate the potential for interaction and risk of COPC exposure from various 

Project-related sources. Species considered as subject to toxicological risk from COPC from the 

Project include caribou, moose, grizzly bear (Ursus arctos), furbearers, and terrestrial birds. 

- Ungulates (e.g., caribou and moose) are most susceptible to the effects of COPCs through 

the ingestion of water, and through the consumption of forage and can also ingest COPCs 

incidentally through the consumption of soil while eating forage. Water with elevated 

concentrations of COPCs will occur at the Project and potentially downstream of the Project. 

Caribou or moose foraging on vegetation in areas nearby the PAG waste rock facility may 

accumulate COPCs in their diet through the consumption of vegetation and soil where Project-

related dust has fallen with elevated concentrations of COPCs. Uptake of COPCs in caribou or 

moose may also be associated with the processes of bioaccumulation from the consumption of 

forage that has accumulated concentrations of COPCs in the plant tissue. There is a greater 

potential for the consumption of vegetation with elevated concentrations of COPCs for the filtered 

tailings candidates relative to submerged tailings as a result of the greater potential for dust with 

elevated concentrations of COPCs to be generated. However, caribou or moose may also 

bioaccumulate COPCs from aquatic vegetation downstream of the Project if vegetation in these 

areas bioconcentrate COPCs from downstream waters with elevated concentrations of COPCs. 

Caribou or moose are likely to avoid the Project during Construction and Operation phases due to 

disturbance from noise, and thus, are likely only to be exposed to COPCs downstream of the 

Project. At closure, when disturbance is minimized and the reclamation is complete, caribou may 

use the area again for travel and foraging. However, as the Mine Site sits at a high elevation and 
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the TSF and associated infrastructure are anticipated to be located at a high elevation (> 1,250 m), 

moose are only anticipated to access those areas during the summer months. The COPCs at 

post-closure are anticipated to meet water quality guidelines. 

- Grizzly bears are year-round residents within the general Project area, and are dependent on 

mature and old-growth coniferous forests, although deciduous and mixed forests also contribute 

to their life requisites. Baseline surveys conducted in the Project area between 2011 and 2013 

indicate that grizzly bears occur across the Project area. However no active dens were confirmed 

within the mine site. Similar to ungulates, grizzly bears are most susceptible to the effects of 

COPCs through the ingestion of water, and through the consumption of forage and incidental 

consumption of soil while eating forage. In addition, grizzly bears are susceptible to the effects of 

COPCs with the consumption of fish in downstream waterways that have accumulated COPCs 

through the food chain and through bioaccumulation. Thus, characterization of toxicological risks 

to grizzly bears through construction, operations, and closure were assessed in the same manner 

as ungulates for each of the candidates. 

- Furbearers are year-round residents in the Project area. During winter snow track surveys 

conducted during baseline studies in 2012, six species of furbearers were detected in the higher 

elevation subalpine fir including snowshoe hare, red squirrel, weasel spp., marten, coyote, and 

red fox. American beaver and least weasel were also detected incidentally within the Mine Site 

and LSA. However, detections of furbearers in these areas were lower than in habitat at lower 

elevation, likely due to snow conditions and lack of cover. Furbearers are primarily susceptible to 

the effects of COPCs through the ingestion of water, and through bioaccumulation. In addition, 

some furbearers that forage on vegetation, including beaver, muskrat, and red squirrel may also 

be susceptible to the effects of COPCs through the incidental ingestion of soil and aquatic 

sediment while consuming forage. Water with elevated concentrations of COPCs will occur at 

the Mine Site and potentially downstream of the Mine Site. Furbearers foraging on vegetation in 

areas nearby the PAG dump may accumulate COPCs in their diet through the consumption of 

vegetation and soil that is covered in dust with elevated concentrations of COPCs. Characterization 

of toxicological risks to furbearers through construction, operations, and closure were assessed 

based on all exposure pathways for each of the candidates. 

- Forest and grassland birds include songbirds, raptors, and upland game birds. The main pathway 

for COPC exposure for forest and grassland birds is through the consumption of vegetation, seeds, 

and incidental ingestion of soil that has been covered with dust containing elevated concentrations 

of COPCs and through bioaccumulation processes. Bioaccumulation of COPCs in forest and grass 

birds can occur by the consumption of vegetation with elevated tissue concentrations of COPCs in 

plant tissues and by foraging on flying insects that have elevated COPCs from the environment 

(water and vegetation that may be elevated in COPCs due to Project-related activities). Exposure to 

COPCs through drinking water may also occur for forest and grassland birds but is likely to be 

minimal relative to the accumulation of COPCs from vegetation and insect prey. Characterization of 

toxicological risks to terrestrial birds through construction, operations, and closure were assessed 

based on all exposure pathways for each of the candidates.  
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Figure 7.2-2: Rainbow Trout Habitat
GIS # BLW-15-315b

1:75,000
Contains inform ation licensed under the Open Governm ent Licence – British  Colum bia and Canada.
Date: Decem ber 18, 2020
Projection: NAD 1983 UTM Zone 10N

0 1 2

Kilom etres

Project No.: 0575928-0001 Client: BW GOLD INCwww.erm.com

Cre

ek7
044

54Dav idso
n Cre

ek

Creek688328

Lake
01428UEUT

Lake
01682LNR SLake

01538UEUT

Cre
ek
505
659

Cree

k 1
46
92
0

Cre

ek5
435
85

Cre
ek6
61

4500

5000

400
0

5500

450
0

500
05000

500
0

5000

5000

400
0

370000

370000

372500

372500

375000

375000

377500

377500

380000

380000

58
92

50
0

58
92

50
0

58
95

00
0

58
95

00
0

58
97

50
0

58
97

50
0

Cre

ek7
044

54Dav idso
n Cre

ek

Creek688328

Lake
01428UEUT

Lake
01682LNR SLake

01538UEUT

Cre
ek
505
659

Cree

k 1
46
92
0

Cre
ek5
435
85

Cre
ek6
61

4500

5000

400
0

5500

450
0

500
05000

500
0

5000

5000

400
0

370000

370000

372500

372500

375000

375000

377500

377500

380000

380000

58
92

50
0

58
92

50
0

58
95

00
0

58
95

00
0

58
97

50
0

58
97

50
0

±Candidate 7 Candidate 1

Candidate 22 Candidate 10

Fish Distribution
Known R ainbow Trout Habitat
Unconfirm ed R ainbow Trout Distribution
Non Fish-bearing
No Data available

Open Pit
TSF
Existing  Exploration R oad
Mine Site Access R oad
500 ft Contour Interv al
100 ft Contour Interv al



4500

5000

400
0

5500
450
0

500
05000

500
0

5000

5000

5000

400
0

370000

370000

372500

372500

375000

375000

377500

377500

380000

380000

58
92

50
0

58
92

50
0

58
95

00
0

58
95

00
0

58
97

50
0

58
97

50
0

4500

5000

400
0

5500

450
0

500
05000

500
0

5000

5000

5000

400
0

370000

370000

372500

372500

375000

375000

377500

377500

380000

380000

58
92

50
0

58
92

50
0

58
95

00
0

58
95

00
0

58
97

50
0

58
97

50
0

Figure 7.2-3: Wetland Extent
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Figure 7.2-4: High Quality Habitat for Terrestrial Birds, Myotis Bats, and Western Toad
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Figure 7.2-5: Capable Caribou Winter Range Habitat
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BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

STEP 3: ALTERNATIVES CHARACTERIZATION 

Table 7.2-4: Environment Characterization Criteria Summary 

Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Climate and Air Quality 

Sensitivity to climate 

change 

Alternatives with lower risk of loss of 

water cover and initiation of ML/ARD 

from exposed tailings and PAG waste 

rock are preferred. Alternatives that 

retain the IDF during operations and the 

PMF passes through the spillway 

during closure are preferred  

Low sensitivity to climate change. Low 

risk for loss of water cover on the 

tailings/PAG waste rock during 

drought conditions. Retains the IDF 

during operation and passes the PMF 

on closure. 

Low to moderate sensitivity to climate 

change. Low potential for the water cover 

to be lost over the PAG waste rock during 

drought conditions. Moderate risk for loss 

of vegetative cover and tailings erosion 

during drought conditions. Retains the 

IDF during operation and passes the PMF 

on closure. 

Low to moderate sensitivity to climate 

change. Moderate risk for loss of 

vegetative cover and tailings erosion during 

drought conditions. Retains the IDF during 

operation and assess the PMF on closure. 

Moderate to high sensitivity to climate 

change. Moderate risk for loss of 

vegetative cover on PAG waste rock dump 

and TSF during drought conditions. 

Retains the 1:200 year return period (IDF) 

during operation and passes the 1/3 

between the 1 in 1,000 year return period 

and PMF during operation and closure. 

Yes 

Dust emissions Alternatives that have low potential for 

dust are preferred due to lower 

associated risks to human health, 

vegetation and wildlife habitat 

Low potential for dust generation as 

tailings remain saturated  

Moderate potential for dust from filtered 

tailings  

Low to moderate potential for dust 

generation 

Moderate to high potential for dust from 

filtered tailings and PAG waste rock stored 

on land  

Yes 

Noise and vibration Alternatives with lower potential for 

noise and vibration are preferred due to 

fewer disturbances to wildlife and 

harvesting experience. 

Open pit operations and co-disposal of 

waste rock provide a source of noise 

and vibration. Considered to have 

lower potential for noise and vibration 

than filtered tailings as tailings are 

pumped and not trucked. 

Open pit operations and disposal of waste 

rock in submerged storage area provide a 

source of noise and vibration. Considered 

to have moderate potential for noise and 

vibration since filtered tailings are trucked, 

spread and compacted. 

Open pit operations and co-disposal of 

waste rock provide a source of noise and 

vibration. Considered to have lower 

potential for noise and vibration than 

filtered tailings as tailings are pumped and 

not trucked. 

Open pit operations and additional disposal 

of PAG waste rock on land provide a 

source of noise and vibration. Considered 

to have high potential for noise and 

vibration since filtered tailings are trucked, 

spread and compacted. Large PAG waste 

rock facility.  

Yes 

Surface Water Flow 

Loss of catchment 

area 

Alternatives with the smallest diverted 

catchment and least potential to reduce 

downstream flows are preferred  

45 km2 diverted catchment area 30 km2 diverted catchment area 45 km2 diverted catchment area 23 km2 diverted catchment area Yes 

Make-up water 

requirement  

Alternatives that require less make-up 

water from Tatelkuz Lake for 

processing are preferred 

Initially requires more water for start-

up pond but similar annual make-up 

water requirement from Tatelkuz Lake 

approximately 1 Mm3  

Annual make-up requirement from 

Tatelkuz Lake of approximately 1 Mm3  

Annual make-up requirement from Tatelkuz 

Lake of approximately 1 Mm3  

Annual make-up requirement from 

Tatelkuz Lake of approximately 1 Mm3  

No - not significantly 

differentiating 

Surface Water Quality 

Storage of PAG 

material 

Alternatives that store PAG waste rock 

and tailings sub-aqueously are 

preferred as there is lower risk of 

ML/ARD 

Storage of PAG waste rock and 

tailings sub-aqueously; low risk of 

ML/ARD 

Sub-aqueous storage of PAG waste rock 

but not tailings; potential risk of ML/ARD 

Storage of PAG waste rock and tailings 

sub-aqueously; low risk of ML/ARD  

PAG waste rock and tailings stored on 

land; ML/ARD expected 

Yes 

Seepage quantity Alternatives with smaller ponds situated 

away from dams are preferred 

Has two large ponds but water is 

separated from main dam by large 

tailings beach and waste rock 

Has large pond with water against dam  Has large pond with water against dam  Has small pond with water against dam  Yes 

Dam embankment 

area 

Alternatives with smaller dam 

embankment areas are preferred as 

they will have less infiltration and runoff 

that may affect surface water quality 

(although can be collected) 

Dam embankment area = 132 ha Dam embankment area = 69 ha Dam embankment area = 92 ha Dam embankment area = 7 ha  Yes 

Operational 

discharge of treated 

water 

Alternatives that do not require 

discharge of treated water during 

operations are preferred 

Discharge required of treated water to 

meet discharge criteria  

Discharge required and treatment of the 

discharge may need to be intensive to 

meet receiving water quality objectives  

Discharge required of treated water to 

meet discharge criteria  

Discharge required and intensive treatment 

requiring more than one plant for different 

quality of effluents may be needed to meet 

receiving water quality objectives  

No 
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BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

STEP 3: ALTERNATIVES CHARACTERIZATION 

Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Groundwater 

Groundwater quality  Alternatives with less risk to 

groundwater quality are preferred 

PAG rock and tailings is submerged, 

with minimal to low ML/ARD potential 

in seepage 

PAG rock is submerged reducing 

ML/ARD potential in seepage; however, 

filtered tailing stored on land has 

moderate ML/ARD risk and potential to 

affect water quality in pond, resulting in 

moderate risk to groundwater quality 

PAG rock is deposited with tailings and 

remains saturated reducing ML/ARD 

potential. Low to moderate ML/ARD risk 

and potential to affect water quality in pond, 

resulting in low risk to groundwater quality 

PAG rock and filtered tailings stored on 

land have greatest potential for ML/ARD; 

high risk of poor quality seepage impacts 

to groundwater quality. 

Yes 

Groundwater 

quantity 

Alternatives that do not reduce 

groundwater flow to downstream creeks 

are preferred. 

Two large ponds potentially increase 

flow through and beneath dam; 

however, a large dam with engineered 

groundwater cut-off reduces 

groundwater contribution to creek flow 

Large pond and close to dam potentially 

increases flow through and beneath dam; 

however, large dam with engineered 

groundwater cut-off reduces groundwater 

contribution to creek flow  

Pond close to dam potentially increases 

flow through and beneath dam; however, 

large dam with engineered groundwater 

cut-off reduces groundwater contribution to 

creek flow  

Significantly smaller pond and dam unlikely 

to affect groundwater contribution to 

creek flow  

Yes 

Terrain and Soil 

Total footprint area 

(including TSF and 

storage facilities) 

Alternatives with smaller footprints are 

preferred as they have lower potential 

effects to terrestrial and aquatic 

environments. 

1,462 ha 1,505 ha 1,310 ha 1,038 ha No. The effects on 

this indicator are 

better considered 

under more specific 

habitat loss indicators 

Soils  Alternatives that affect smaller areas of 

high productivity soils are preferred 

48 ha of high productivity soil 

(3% of total footprint) 

60 ha of high productivity soil 

(4% of total footprint) 

35 ha of high productivity soil 

(3% of total footprint) 

73 ha of high productivity soil 

(7% of total footprint) 

Yes 

Fish, Fish Habitat, and Aquatic Resources 

Risks to fisheries 

and aquatic 

resources 

Alternatives that present less risk to 

fisheries and aquatic resources from 

changes in water quantity and quality 

are preferred 

Minimal changes in downstream water 

quality above background conditions 

predicted in modeling studies. Water 

quantity to be augmented with lake 

water during operations. 

Supplementing in-stream flow needs 

with releases from the Freshwater 

Reservoir will mitigate risks. 

Potentially minor changes in downstream 

water quality due to uncaptured, poor 

quality seepage (originating from filtered 

tailings) from pond. Water quantity to be 

augmented with lake water during 

operations. Supplementing in-stream flow 

needs with releases from the Freshwater 

Reservoir will mitigate risks. 

Minimal to potentially minor changes in 

downstream water quality due to 

uncaptured, poor quality seepage 

(originating from paste tailings) from pond. 

Water quantity to be augmented with lake 

water during operations. Supplementing in-

stream flow needs with releases from the 

Freshwater Reservoir will mitigate risks. 

Potentially moderate changes in 

downstream water quality due to 

uncaptured, poor quality seepage from 

PAG waste rock and from filtered tailings. 

Water quantity to be augmented with lake 

water during operations. Supplementing in-

stream flow needs with releases from the 

Freshwater Reservoir will mitigate risks. 

Yes 

Diversity of fish 

community 

Alternatives that affect fewer species of 

fish within the Project footprint are 

preferred due to lower potential impacts 

to fish and fish habitat 

Rainbow Trout present in addition to 

11 other species in downstream 

habitats. 

Rainbow Trout present in addition to 11 

other species in downstream habitats. 

Rainbow Trout present in addition to 11 

other species in downstream habitats. 

Rainbow Trout present in addition to 11 

other species in downstream habitats. 

No  

Stream length 

affected 

Alternatives that overlap fewer streams 

are preferred due to lower potential 

impacts to aquatic habitat. 

17.1 km of streams 19.8 km of streams 17.0 km of streams 14.7 km of streams Yes 

Fish habitat Alternatives with less area of Rainbow 

Trout habitat loss as a result of 

deposition of mine waste (tailings and 

waste rock) are preferred 

Loss of 3.5 ha of known/assumed 

Rainbow Trout habitat; Loss of 

Rainbow Trout spawning habitat 

downstream of Lake 01682LNRS 

Loss of an estimated 4.2 ha of 

known/assumed Rainbow Trout habitat; 

Loss of Rainbow Trout spawning habitat 

downstream of Lake 01682LNRS 

Loss of an estimated 3.6 ha of 

known/assumed Rainbow Trout habitat; 

Loss of Rainbow Trout spawning habitat 

downstream of Lake 01682LNRS 

Loss of an estimated 3.1 ha of 

known/assumed Rainbow Trout habitat; 

Loss of Rainbow Trout spawning habitat 

downstream of Lake 01682LNRS 

Yes 
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BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

STEP 3: ALTERNATIVES CHARACTERIZATION 

Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Presence of rare 

and endangered 

aquatic species 

Alternatives that impact rare or 

endangered species (as considered by 

the British Columbia Conservation Data 

Centre, the Species at Risk Act, and 

the Committee on the Status of 

Endangered Wildlife in Canada) are 

detrimental to biodiversity and may 

have broader ecosystem impacts. 

No rare or endangered aquatic 

species were identified within or in 

close proximity. Freshwater mollusc 

found in Lake 01682LNRS unlikely to 

be impacted because of distance 

from TSF. 

Freshwater mollusc identified in Lake 

01682LNRS more likely to be impacted 

because of proximity of TSF. 

No rare or endangered aquatic species 

were identified within or in close proximity. 

Freshwater mollusc found in Lake 

01682LNRS unlikely to be impacted 

because of distance from TSF. 

Freshwater mollusc identified in Lake 

01682LNRS more likely to be impacted 

because of proximity of TSF. 

No - not significantly 

differentiating 

Terrestrial Ecosystems 

Loss and risk to 

wetlands 

Alternatives that directly impact less 

wetland surface area or have fewer 

risks to wetlands are preferred as they 

have a lower probability of affecting 

habitat and ecological function. 

Loss of wetlands: 367 ha. Risk to 

wetlands considered minimal because 

of under water storage of all PAG 

materials and better water quality 

Loss of wetlands: 409 ha 

Risk of alteration to wetlands considered 

low because of under water storage of 

PAG rock 

Loss of wetlands 225 ha. Low risk of 

alteration to downstream wetlands because 

of co-disposal of tailings and waste rock 

Loss of wetlands: 341 ha. Moderate risk of 

alteration to downstream wetlands 

because of storage of PAG material on 

land  

Yes 

Wildlife and Wildlife Habitat 

Loss of high-quality 

habitat for species of 

conservation 

concern  

Alternatives that have less potential 

impact for high quality habitat 

(terrestrial birds, myotis bat and 

western toad) are preferred 

Loss of high-quality habitat = 966 ha 

(terrestrial birds = 63 ha;  

myotis bat = 572 ha and 

western toad = 331 ha) 

Loss of high-quality habitat = 1,301 ha 

(terrestrial birds = 73 ha; 

myotis bat = 827 ha and 

western toad = 401 ha) 

Loss of high-quality habitat = 1,124 ha 

terrestrial birds = 73 ha; 

myotis bat = 648 ha and 

western toad = 403 ha 

Loss of high-quality habitat = 678 ha 

(terrestrial birds = 17 ha; 

myotis bat = 583 ha 

and western toad = 79 ha) 

Yes 

Loss of capable 

caribou habitat 

Alternatives that have less impact on 

capable caribou habitat are preferred 

Loss of capable caribou habitat = 

1,132 ha (0 ha HEWR, 855 ha HE-

Matrix 1; 231 ha LE-Matrix 1, 46 ha 

Matrix 1) 

Loss of capable caribou habitat = 

1,169 ha (0 ha HEWR, 884 ha HE-Matrix 

1; 237 ha LE-Matrix 1, 48 ha Matrix 1) 

Loss of capable caribou habitat = 975 ha (0 

ha HEWR, 685 ha HE-Matrix 1; 241 ha LE-

Matrix 1, 48 ha Matrix 1) 

Loss of capable caribou habitat = 631 ha (0 

ha HEWR, 564 ha HE-Matrix 1; 61 ha LE-

Matrix 1, 6 ha Matrix 1) 

Yes 

Loss of high-quality 

habitat for moose 

Alternatives that have less impact on 

high quality moose habitat are preferred 

Loss of high-quality moose habitat = 

190 ha 

Loss of high-quality moose habitat = 

194 ha 

Loss of high-quality moose habitat = 

191 ha 

Loss of high-quality moose habitat =  

70 ha 

Yes 

Toxicological risk to 

migratory birds, 

amphibians and 

bats 

Alternatives that present less 

toxicological risk to migratory birds, 

amphibians and bats are preferred 

Minimal to low toxicological risk. Better 

water quality because PAG rock co-

disposed sub-aqueously with tailings. 

Size of ponds could temporarily attract 

migratory waterbirds but unlikely 

during operations. 

Low to moderate potential for toxicological 

risk. Large size of pond could attract 

waterbirds, amphibians and bats. Better 

water quality because of sub-aqueous 

PAG rock storage but partially-saturated 

filtered tailings could affect water quality. 

Seepage from TSF may affect migratory 

birds, amphibians and bats if metals 

accumulate in wetland vegetation. 

Low potential for toxicological risk. Pond 

unlikely attract waterbirds, amphibians and 

bats. Better quality water because of lower 

ML/ARD potential. May affect migratory 

birds, amphibians and bats if metals 

accumulate in wetland vegetation. 

Moderate potential for toxicological risk. On 

land PAG and tailings disposal may affect 

water quality of downstream waterways 

used by waterfowl, amphibians and bats. 

Seepage from TSF may affect migratory 

birds, amphibians and bats if metals 

accumulate in wetland vegetation. 

Seepage collection pond from PAG rock 

expected to have ML/ARD affected water. 

Yes 

Toxicological risk to 

terrestrial wildlife 

species 

Alternatives that present less 

toxicological risk to wildlife species are 

preferred 

Minimal toxicological risk associated 

with dusting from TSF beaches and 

from pond water quality and 

associated seepage to downstream 

wetlands / creeks 

Low to moderate toxicological risk 

associated with dusting from filtered 

tailings stack and from pond water quality 

Low toxicological risk associated with 

dusting from paste tailings and from pond 

water quality 

Moderate toxicological risk associated with 

dusting from filtered tailings stack, PAG 

rock dump and poor water quality in 

seepage collection pond downstream of 

PAG rock dump 

Yes 

Notes: 

IDF = Inflow design flood; PMF= Probable Maximum Flood; HEWR = High Elevation Winter Range; HE= High Elevation; LE = Low Elevation; PAG = Potentially Acid Generating; ML/ARD = metal leach and acid rock drainage 
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7.2.4 Socio-economic Account 

The socio-economic account includes socio-economics, land and resource use, and cultural heritage. The 

Project is located within the traditional territories of LDN, UFN, STN and the within the established territory 

of the Tsilhqot’in National Government (TNG; within Engagement Zone A under the Tsilhqot’in Framework 

Agreement 2009; Figures 3.3-1, 3.3-2, and 3.3-3). The candidates have the potential to affect the current 

use of lands and resources for traditional purposes to different degrees (Figure 7.2-6; Table 7.2-5).  

For each of the traditional territories, characterization criteria for assessing potential impacts to current 

use of lands and resources for traditional purposes include: 

 access to Indigenous harvesting areas and cultural sites; 

 availability (abundance and distribution) of resources harvested by Indigenous people; 

 quality of resources harvested by Indigenous people; and  

 quality of Indigenous harvesters' experience. 

The remaining socio-economic assessment criteria were grouped under the following categories 

(Table 7.2-5). 

Non-traditional Land-use 

Potential effects on Indigenous socio-economic conditions could result from interference with activities 

supporting Indigenous subsistence economies and/or with Indigenous-owned land-based businesses. 

Activities supporting Indigenous subsistence economies are considered to be current use of lands and 

resources for traditional purposes and are assessed. No Indigenous-owned land-based businesses 

having the potential to interact with candidates have been identified, other than registered traplines. 

For each of the candidates, disruption in access to agriculture and range tenures in addition to candidate 

overlap of guide outfitting licenses, and registered traplines were assessed (Figures 7.2-7 and 7.2-8). 

Two provincially registered traplines (TR0512T027 and TR0512T014 are registered to members of the 

LDN). These traplines are associated with larger historic keyohs. Trapline TR0512T014 is currently used. 

An interview with the holder of the trapline TR0512T027 indicated that line has not been used for 20 years. 

Public Recreation 

Public recreation on Crown land may be affected if the public are prevented from using or accessing 

areas where they recreate. All candidates overlap with public recreations areas that are rated as having 

moderate sensitivity and moderate to high significance (Figure 7.2-7). 

Heritage 

Potential effects on Indigenous physical and cultural heritage (including any structure, site or thing that 

is of historical, archaeological, paleontological or architectural significance) are considered (Heritage). 

The archaeological impact assessment (AIA) conducted for the Project under Heritage Conservation Act 

(HCA; 1996b), Heritage Inspection Permit 2012-0295, identified an archaeological site in the vicinity of 

the Project. 

Human Health 

Human health risks related to air quality, country foods and drinking water have been assessed for each 

of the candidates. Potential effects to human health from air quality are from windblown dust generated 

from the TSF embankments and beaches. The exposed tailings beaches area is considered in assessing 

which candidates have the potential for dust generation. In addition, candidates expected to generate 

dust with elevated concentrations of COPC and present a higher risk for human health are identified.  
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Dust generation as well as poor quality water from the waste facilities can affect the quality of country 

foods and have potential effects to human health if consumed. Large exposed tailings and waste rock 

surface areas that can generate dust, and poor quality runoff and seepage than can potentially affect 

water quality. The risk to human health from drinking water quality is similar as for country foods and air 

quality. Poor quality runoff and seepage potentially affecting Davidson Creek or aquifers that may be 

used as a drinking water supply are expected to have greater risk to drinking water. 

Employment 

Candidates associated with higher employment opportunities are more favourable. The number of jobs 

created by the Project will depend to some extent on the complexity of waste material processing 

(e.g., slurry vs. filtered) and handling (e.g., depositing as slurry or spreading/ compacting the tailings).  

7.2.5 Economic Account 

Project economics include the costs for construction, operation and closure of each candidate. The costs 

allow for a quantitative comparison of initial capital costs, sustaining capital and operating costs, closure 

and post-closure costs. Table 7.2-6 provides cost estimates for construction, operation, closure, and 

post-closure for each of the candidate alternatives. The costs allow for a quantitative comparison of initial 

capital costs, sustaining capital and operating costs, closure and post-closure costs. The filtered tailings 

candidates have significantly higher initial capital, sustaining capital and operating costs because of the 

large investment in a filter plant as well as very high cost associated with operating a filtered tailings 

facility at 55,000 tpd (e.g., conveyors or trucks and spreading equipment). These candidates are also 

expected to have closure and post-closure costs of two times that of candidates with thickened and paste 

submerged tailings because of long-term water treatment and maintenance of areas affected by acidic 

conditions for filtered tailings.  
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Table 7.2-5: Socio-economic Criteria Summary 

Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Current Use of Lands and Resources for Traditional Purposes – Lhoosk'uz Dené Nation (LDN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Alternative has potential to affect access to LDN harvest areas (trapline). No - not 

differentiating 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous groups are preferred. 

Alternative overlaps with habitat of 

species harvested by LDN. Moose 

habitat total area = 190 ha. Caribou 

habitat total area = 1,132 ha. Loss of 

17.1 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by LDN. Moose 

habitat total area = 194 ha. Caribou 

habitat total area = 1,169 ha. Loss of 

19.8 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by LDN. Moose 

habitat total area = 191 ha. Caribou 

habitat total area = 975 ha. Loss of 

17.0 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by LDN. Moose 

habitat total area = 70 ha. Caribou 

habitat total area = 631 ha. Loss of 

14.7 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Yes 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Alternative has minimal toxicological 

risk associated with dusting from TSF 

beaches and from pond water quality 

and associated seepage to 

downstream wetlands / creeks that 

may affect the quality of resources 

harvested by LDN. 

Alternative has low to moderate 

toxicological risk associated with dusting 

from filtered tailings stack and from PAG 

pond water quality that has potential to 

affect the quality of resources harvested 

by LDN. 

Alternative has low toxicological risk 

associated with dusting from filtered 

tailings stack and from pond water 

quality that has potential to affect the 

quality of resources harvested by LDN. 

Alternative has moderate toxicological 

risk associated with dusting from filtered 

tailings stack, PAG rock dump and poor 

water quality in seepage collection pond 

downstream of PAG rock dump that has 

potential to affect the quality of 

resources harvested by LDN. 

Yes 

Quality of Indigenous 

harvesters' experience 

(based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred. 

Alternative has the potential to affect 

the quality of experience of LDN 

harvesters due to low noise generation 

from equipment and operations 

Alternative has the potential to affect the 

quality of experience of LDN harvesters 

due moderate levels of noise from 

equipment, trucks and operations 

Alternative has the potential to affect 

the quality of experience of LDN 

harvesters due to low levels of noise 

from equipment, trucks and operations  

Alternative has the potential to affect 

the quality of experience of LDN 

harvesters, moderate levels of noise 

from equipment, truck and operations 

Yes 

Current Use of Lands and Resources for Traditional Purposes – Nadleh Whut'en First Nation (NWFN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on consultations to date, no current use by NWFN in area of alternative. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on consultations to date, no current use by NWFN in area of alternative. No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on consultations to date, no current use by NWFN in area of alternative. No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on consultations to date, no current use by NWFN in area of alternative. No 
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Current Use of Lands and Resources for Traditional Purposes – Nazko First Nation (NFN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on consultations to date, no current use by NFN in area of alternative. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on consultations to date, no current use by NFN in area of alternative. No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on consultations to date, no current use by NFN in area of alternative. No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on consultations to date, no current use by NFN in area of alternative. No 

Current Use of Lands and Resources for Traditional Purposes – Métis Nation 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on consultations to date, no current use by Métis in area of alternative. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on consultations to date, no current use by Métis in area of alternative. No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on consultations to date, no current use by Métis in area of alternative. No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on consultations to date, no current use by Métis in area of alternative. No 

Current Use of Lands and Resources for Traditional Purposes – Saik'uz First Nation (SFN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on the SFN June 2015 traditional land use and occupancy study (TLOUS), there are harvest sites around Tatelkuz Lake.  

Downstream effects not anticipated to affect Tatelkuz Lake. 

No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on the SFN June 2015 traditional land use and occupancy study (TLOUS), there are harvest sites around Tatelkuz Lake.  

Downstream effects not anticipated to affect Tatelkuz Lake. 

No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on the SFN June 2015 traditional land use and occupancy study (TLOUS), there are harvest sites around Tatelkuz Lake.  

Downstream effects not anticipated to affect quality of resources harvested in Tatelkuz Lake. 

No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on the SFN June 2015 traditional land use and occupancy study (TLOUS), there are harvest sites around Tatelkuz Lake; 

however, TSF options will not impact visual or noise quality at Tatelkuz Lake.  

No  
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Current Use of Lands and Resources for Traditional Purposes – Skin Tyee Nation (STN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on the September STN TLUS (2015), the alternative has the potential to affect access to STN harvest areas (hunting) and cultural sites. Exact locations of the 

hunting area have not been provided 

No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous groups are preferred. 

Alternative overlaps with habitat of 

species harvested by STN. Moose 

habitat total area = 190 ha. Caribou 

habitat total area = 1,132 ha. Loss of 

17.1 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by STN. Moose 

habitat total area = 194 ha. Caribou 

habitat total area = 1,169 ha. Loss of 

19.8 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by STN. Moose 

habitat total area = 191 ha. Caribou 

habitat total area = 975 ha. Loss of 

17.0 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by STN. Moose 

habitat total area = 70 ha. Caribou 

habitat total area = 631 ha. Loss of 

14.7 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Yes 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Alternative has minimal toxicological 

risk associated with dusting from TSF 

beaches and from pond water quality 

and associated seepage to 

downstream wetlands / creeks that 

may affect the quality of resources 

harvested by STN. 

Alternative has low to moderate 

toxicological risk associated with dusting 

from filtered tailings stack and from PAG 

pond water quality that has potential to 

affect the quality of resources harvested 

by STN. 

Alternative has low toxicological risk 

associated with dusting from filtered 

tailings stack and from pond water 

quality that has potential to affect the 

quality of resources harvested by STN. 

Alternative has moderate toxicological 

risk associated with dusting from filtered 

tailings stack, PAG rock dump and poor 

water quality in seepage collection pond 

downstream of PAG rock dump that has 

potential to affect the quality of 

resources harvested by STN. 

Yes 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Alternative has the potential to affect 

the quality of experience of STN 

harvesters due to potential low levels 

of noise generation from equipment 

and operations 

Alternative has the potential to affect the 

quality of experience of STN harvesters 

due to moderate levels of noise from 

equipment, trucks and operations 

Alternative has the potential to affect 

the quality of experience of STN 

harvesters due to moderate potential 

for low levels of noise from equipment, 

trucks and operations  

Alternative has the potential to affect 

the quality of experience of STN 

harvesters due to high potential for 

moderate levels of noise from 

equipment, truck and operations 

Yes 

Current Use of Lands and Resources for Traditional Purposes – Stellat'en First Nation (StFN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on consultations to date, no current use by StFN in area of alternative. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on consultations to date, no current use by StFN in area of alternative. No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on consultations to date, no current use by StFN in area of alternative. No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on consultations to date, no current use by StFN in area of alternative. No 
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Current Use of Lands and Resources for Traditional Purposes – Ulkatcho First Nation (UFN) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Alternative has potential to affect access to UFN harvest areas. Alternative may affect UFN access to a campsite (UFN TLUS); exact location not provided. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous groups are preferred. 

Alternative overlaps with habitat of 

species harvested by UFN. Moose 

habitat total area = 190 ha. Caribou 

habitat total area = 1,132 ha. Loss of 

17.1 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by UFN. Moose 

habitat total area = 194 ha. Caribou 

habitat total area = 1,169 ha. Loss of 

19.8 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by UFN. Moose 

habitat total area = 191 ha. Caribou 

habitat total area = 975 ha. Loss of 

17.0 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Alternative overlaps with habitat of 

species harvested by UFN. Moose 

habitat total area = 70 ha. Caribou 

habitat total area = 631 ha. Loss of 

14.7 km of known/assumed Rainbow 

Trout habitat; Loss of critical Rainbow 

Trout spawning habitat downstream of 

Lake 01682LNRS 

Yes 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred. 

Alternative has minimal toxicological 

risk associated with dusting from TSF 

beaches and from pond water quality 

and associated seepage to 

downstream wetlands / creeks that 

may affect the quality of resources 

harvested by UFN 

Alternative has low to moderate 

toxicological risk associated with dusting 

from filtered tailings stack and from PAG 

pond water quality that has potential to 

affect the quality of resources harvested 

by UFN 

Alternative has low toxicological risk 

associated with dusting from filtered 

tailings stack and from pond water 

quality that has potential to affect the 

quality of resources harvested by UFN 

Alternative has moderate toxicological 

risk associated with dusting from filtered 

tailings stack, PAG rock dump and poor 

water quality in seepage collection pond 

downstream of PAG rock dump that has 

potential to affect the quality of 

resources harvested by UFN 

Yes 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Alternative has the potential to affect 

the quality of experience of UFN 

harvesters due to potential low noise 

generation from equipment and 

operations. 

Alternative has the potential to affect the 

quality of experience of UFN harvesters 

due to moderate levels of noise from 

equipment, trucks and operations. 

Alternative has the potential to affect 

the quality of experience of UFN 

harvesters due to low levels of noise 

from equipment, trucks and operations.  

Alternative has the potential to affect 

the quality of experience of UFN 

harvesters due moderate levels of 

noise from equipment, truck and 

operations. 

Yes 

Current Use of Lands and Resources for Traditional Purposes – Tsilhqot'in National Government (TNG) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on consultations to date, no current use by TNG in area of alternative. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups.  

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on consultations to date, no current use by TNG in area of alternative. No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on consultations to date, no current use by TNG in area of alternative. No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on consultations to date, no current use by TNG in area of alternative. No 
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Current Use of Lands and Resources for Traditional Purposes – Nee-Tahi-Buhn (NTB) 

Access to Indigenous 

harvesting areas and 

cultural sites 

Alternatives that do not affect Indigenous 

harvester's access to traditional and cultural 

sites and harvesting areas are preferred. 

Based on consultations to date, no current use by NTB in area of alternative. No 

Availability (abundance 

and distribution) of 

resources harvested by 

Indigenous groups 

Alternatives with lower potential to decrease 

the availability of resources harvested by 

Indigenous nations are preferred. 

Based on consultations to date, no current use by NTB in area of alternative. No 

Quality of resources 

harvested by Indigenous 

groups 

Alternatives with lower potential to decrease 

the quality of resources harvested by 

Indigenous groups are preferred.  

Based on consultations to date, no current use by NTB in area of alternative. No 

Quality of Indigenous 

harvesters' experience 

based on noise effects) 

Alternatives with lower potential to decrease 

the quality of Indigenous harvesters' 

experiences are preferred.  

Based on consultations to date, no current use by NTB in area of alternative. No 

Non-traditional Land-use 

Registered traplines Alternatives that overlap trapline tenures 

may affect access to and use of tenure  

804 ha (3.0% of Tenure 

TR0512T027); 331 ha (0.4% of 

Tenure TR0601T003) 

1,238 ha (3.3% of Tenure TR0512T027); 

267 ha (0.3% of Tenure TR0601T003) 

960 ha (2.5% of Tenure TR0512T027); 

351 ha (0.3% of Tenure TR0601T003) 

1,038 ha (2.7% of Tenure 

TR0512T027) 

Yes 

Agriculture and range 

tenures 

Alternatives that do not overlap agriculture 

or range tenures are preferred as they will 

not affect access to and use of tenure 

173 ha (0.8% of Tenure RAN075154) 214 ha (0.7% of Tenure RAN075154) 248 ha (0.8% of Tenure RAN075154) 0 ha Yes 

Guide outfitting licenses Alternatives that do not overlap guide 

outfitting licenses are preferred as they may 

not affect access to and use of guiding area  

717 ha (0.2% of License 601097); 

418 ha (1.3% of License 601089) 

767 ha (0.2% of License 601097); 737 

ha (1.4% of License 601089) 

665 ha (0.2% of License 601097); 

746 ha (1.2% of License 601089) 

366 ha (0.1% of License 601097); 

722 ha (1.3% of License 601089) 

No (not significantly 

differentiating) 

Public Recreation 

Overlap of areas with 

recreational sensitivity 

and significance 

Alternatives that are not located in areas 

with high recreational values that may affect 

public use are preferred 

total: 1,060 ha 

(1,060 ha Moderate Sensitivity / 

Moderate Significance and 0 ha in 

Moderate Significance / 

High Sensitivity) 

total: 1,021 ha 

(978 ha in Moderate Sensitivity / 

Moderate Significance) and 43 ha in 

Moderate Significance / High Sensitivity) 

total: 1,021 ha 

(1,021 ha Moderate Sensitivity / 

Moderate Significance and 0 ha in 

Moderate Significance / 

High Sensitivity) 

total: 488 ha 

(376 ha in Moderate Sensitivity / 

Moderate Significance and 112 ha in 

Moderate Significance / 

High Sensitivity) 

Yes 

Heritage 

Known archaeological 

sites 

Alternatives that do not overlap known 

archaeological sites are preferred 

Overlaps with one archaeological site 

(FhSf-4)  

Overlaps with one archaeological site 

(FhSf-4) 

Overlaps with one archaeological site 

(FhSf-4) 

No archaeological sites within 1,000 m No (not significantly 

differentiating) 

Human Health 

Potential health risks  Alternatives with less human health risks 

(e.g., air quality from dust deposition, water 

quality from ML/ARD and to country foods 

from both dust and poor quality water) are 

preferred.  

Minimal to low potential human health 

risks. Minimal potential for dust 

inhalation, effects of dust deposition 

on country foods and drinking water 

quality as tailings and waste rock 

remain saturated, reducing dusting 

and ML/ARD risk.  

Low to moderate potential human health 

risks. Low risk from dust inhalation and 

to country foods provided tailings are 

reclaimed progressively. PAG rock is 

submerged reduces ML/ARD risk but 

filtered tailings have some ML/ARD risk 

that may affect downstream drinking 

water quality.  

Low potential human health risks. Low 

risk from dust inhalation and to country 

foods because of low dusting potential 

because of paste tailings moisture 

content, non-segregating and crust 

forming properties. PAG rock is 

co-disposed with tailings reducing 

ML/ARD risk but small ML/ARD risk of 

paste tailings affecting downstream 

drinking water quality 

Moderate potential for human health 

risks. Moderate potential for dust 

inhalation from filtered tailings and 

waste rock (mine camp is downwind 

of). Any unrecovered ML/ARD from 

PAG waste increases risk of 

downstream water quality effects and 

to downstream fisheries  

Yes 
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Characterization 

Criteria 

Rationale Candidate 1 – 

Slurry Tailings / Submerged PAG  

Candidate 7 – 

Filtered Tailings / Submerged PAG  

Candidate 10 – 

Paste Tailings / Submerged PAG  

Candidate 22 – 

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Employment 

Employment 

opportunities 

Alternatives that have more employment 

opportunities for local communities are 

preferred 

Estimated to employ between 550 and 

600 people 

Estimated to employ between 600 and 

650 people based on additional staff for 

dam construction and filter tailings 

placement  

Estimated to employ between 550 and 

600 people 

Estimated to employ between 600 and 

650 people based on additional staff for 

filter tailings placement  

Yes  

 

Table 7.2-6: Project Economics Criteria Summary 

Characterization 

Criteria 

Rationale Candidate 1 –  

Slurry Tailings / Submerged PAG1  

Candidate 7 –  

Filtered Tailings / Submerged PAG  

Candidate 10 –  

Paste Tailings / Submerged PAG  

Candidate 22 –  

Filtered Tailings / PAG on Land 

Advance as 

Evaluation Criteria 

Proponent Costs2 

Initial capital cost Options with lower costs are preferred. Less than $100 M  High capital cost due to filters and 

tailings conveyance/deposition 

equipment:  

$175 M - $200 M 

Low capital cost: $100 M - $124 M High capital cost due to filters and 

tailings conveyance/deposition 

equipment: 

$150 M - $174 M 

Yes 

Sustaining capital and 

operating costs 

Options with lower costs are preferred. Sustaining capital and operating costs:  

$175 M - $349 M 

Sustaining capital and operating costs: 

> $875 M 

Sustaining capital and operating costs: 

$175 M - $349 M 

Sustaining capital and operating costs: 

> $875 M 

Yes 

Closure costs Options with lower costs are preferred. Low to moderate closure cost:  

$50 M - $74 M 

High closure cost:  

$100 M - $125 M 

Moderate closure cost: 

$75 M - $99M 

Very high closure cost: 

> $125 M 

Yes 

Post-closure costs Options with minimal to no active 

management are preferred. 

Low post-closure costs: long-term 

active management/maintenance 

anticipated for the single TSF facility; 

normal confirmatory post-closure 

monitoring with periodic inspections 

High post-closure costs: long-term active 

management/maintenance anticipated 

for two facilities (TSF and WRSF); one 

surface PAG facility likely requiring 

aggressive water treatment; site-wide 

water quality monitoring with variances 

requiring correction expected.  

Moderate post-closure costs: long-term 

active management/maintenance 

anticipated for a single TSF facility; 

site-wide water quality monitoring with 

variances requiring correction 

expected.  

Very high post-closure costs: long-term 

active management/maintenance 

anticipated for two facilities (TSF and 

WRSF); two surface PAG facilities 

requiring aggressive water treatment; 

site-wide water quality monitoring with 

variances requiring correction 

expected. 

Yes 

Notes: 

M = Million; TSF = Tailings Storage Facility; WRSF = Waste Rock Storage Facility. 
1 Based on 2020 PFS (Artemis 2020). 
2 See Appendix E for basis of cost estimates. 
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8. STEP 4: MULTIPLE ACCOUNTS LEDGER 

For each of the accounts one or more measurement criteria (indicators) have been developed to evaluate 

the differences among candidates, and to allow measurability and ranking of these differences. The 

indicators are characterized in the following section using either a quantitative metric (e.g., hectares or 

metres) or a qualitative evaluation (e.g., low, moderate and high). The indicators were selected with 

consideration of criteria that would be differentiating between the candidate alternatives. 

The multiple accounts ledger identifies criteria from the alternative characterization that differentiate 

alternatives (based on the findings from Tables 7.2-1 through 7.2-5) so that candidates can be evaluated 

relative to one another. The multiple accounts ledger consists of two elements: sub-accounts 

(i.e., evaluation criteria) and indicators (i.e., measurement criteria). 

8.1 Sub-accounts 

Sub-accounts are also know as evaluation criteria and are developed to consider material benefits 

(advantages) or losses (disadvantages) associated with the remaining alternatives. Sub-accounts are 

considered and defined on a project-specific basis, and sub-accounts used in one assessment may not 

be relevant to another assessment. To ensure that the sub-accounts are useful in the evaluation, 

the ECCC Guidelines identify the following characteristics for sub-accounts: 

 Impact-driven: must be linked to an impact (advantage or disadvantage) rather than simply a 

statement of fact; 

 Differentiating: must define an aspect that distinctly differentiates one or more of the alternatives, 

in a way that is meaningful to the decision (i.e., if a factor is the same for all alternatives, then that 

factor is not important in the comparison; 

 Relevant: must be a factor that is relevant to the decision-making process; 

 Understandable: must be defined unambiguously, so that external parties (e.g., reviewers) cannot 

interpret the preferred state differently; 

 Non-redundant: must be unique within the multiple accounts analysis (i.e., to avoid consideration of 

the same criteria in different sub-accounts); and 

 Independent: must be judgementally independent such that the outcome for one criteria cannot 

depend on the outcome of another criteria. 

Table 8.1-1 summarizes the sub-accounts identified for the assessment of the candidates, including 

the rationale and preferred state of each sub-account.  

Table 8.1-1: Sub-account and Rationale for Selection 

Account Sub-account Rationale 

Physical stability Physical stability Alternatives that promote physical stability through robust design 

and water management are preferred. 

Technical Construction 

Requirements 

Alternatives with less complex construction requirements are 

preferred. 

Water Management Alternatives with simpler water management requirements are 

preferred. 

Execution Alternatives with simpler execution strategies and requirements 

are preferred.  

Closure Alternatives that facilitate earlier and safer closure are preferred. 
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Account Sub-account Rationale 

Environment Climate and Air Quality Alternatives that have low potential for dust generation are 

preferred due the potential for dust to affect other environmental 

and human environment areas of importance. 

Surface water quantity Alternatives with lower potential effects to surface water quantity 

are preferred due the potential for altered flows to affect other 

environmental and human environment areas of importance. 

Surface water quality Alternatives with lower potential effects to surface water quality 

are preferred due the potential for degradation in surface water 

quality to affect other environmental and human environment 

areas of importance. 

Groundwater Alternatives with potentially lower risks to groundwater quality and 

quantity are preferred. 

Terrain and Soils Alternatives that affect smaller areas of high productivity soils 

are preferred 

Fish, Fish Habitat and 

Aquatic Species 

Alternatives with lower impacts to fish or fish habitat, endangered 

aquatic species, and pose a risk to fish and non-fish species are 

preferred due to their high biodiversity values. 

Terrestrial Ecosystems Alternatives that have lower risks and impacts to wetlands and 

other terrestrial aquatic ecosystems are preferred due to their 

high biodiversity values. 

Wildlife and Wildlife 

Habitat 

Alternatives with lower risks and impacts to species of 

conservation concern, present increased risk to migratory birds 

and potential toxicological risk to wildlife species are less 

preferred due to their high biodiversity values. 

Socio-economic Current Use of Lands 

and Resources for 

Traditional Purposes – 

Lhoosk’uz Dené Nation1 

Alternatives with lower potential impacts to the following for 

Lhoosk’uz Dené Nation are preferred: access to Indigenous 

harvesting areas and cultural sites; availability (abundance and 

distribution) of resources harvested by Indigenous people; quality 

of resources harvested by Indigenous people; and quality of 

Indigenous harvesters' experience. 

Current Use of Lands 

and Resources for 

Traditional Purposes – 

Skin Tyee Nation1 

Alternatives with lower potential impacts to the following for Skin 

Tyee Nation are preferred: access to Indigenous harvesting areas 

and cultural sites; availability (abundance and distribution) of 

resources harvested by Indigenous people; quality of resources 

harvested by Indigenous people; and quality of Indigenous 

harvesters' experience 

Current Use of Lands 

and Resources for 

Traditional Purposes – 

Ulkatcho First Nation1 

Alternatives with lower potential impacts to the following for 

Ulkatcho First Nation are preferred: access to Indigenous 

harvesting areas and cultural sites; availability (abundance and 

distribution) of resources harvested by Indigenous people; quality 

of resources harvested by Indigenous people; and quality of 

Indigenous harvesters' experience 

Non-traditional Land Use Alternatives with lower impacts to non-traditional land use (i.e., the 

economic interests of commercial tenure holders) are preferred. 

Public Recreation Alternatives with lower impacts to public recreation are preferred. 
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Account Sub-account Rationale 

Socio-economic 

(cont’d) 

Heritage Archaeological sites are protected under the Heritage 

Conservation Act (1996a) and non-protected heritage sites may 

hold cultural and social value. Alternatives that do not impact 

heritage resources are preferred. 

Human Health Alternatives that have lower risk human health risks are preferred. 

Employment Alternatives with higher employment requirements are preferred. 

Project 

Economics 

Proponent costs Alternatives with lower lifecycle costs are preferred. 

1 Note that Current use of Lands and Resources for Traditional Purposes was characterized for the following 
Indigenous groups or governmental organizations: LDN, UFN, NWFN, SFN, StFN, NFN, TNG, STN, NTB, and 
MNBC. Only those groups whose current use was determined to be differentiating among the candidate alternatives 
are included here (i.e., LDN, STN, and UFN). 

8.2 Indicators 

Indicators are also known as measurement criteria as they provide for the qualitative or quantitative 

measurement within each sub-account, thus allowing for direct comparison between alternatives. As for 

the sub-accounts, indicators are defined on a project-specific basis and must also be impact-driven, 

differentiating, relevant, understandable, non-redundant, and independent. Table 8.2-1 lists the indicators 

in addition to the indicator parameter and unit (where applicable) identified for each sub-account. 

Table 8.2-1: Indicators Identified for Each Sub-account 

Account Sub-account Indicator Indicator 

Parameter 

Unit 

Physical 

stability 

Physical stability Location of water storage Qualitative Value - 

Tailings and waste rock interstitial water Qualitative Value - 

Normal operating pond volume Volume Mm3 

Emergency water pond management – 

active 

Reclaim pump 

capacity 

Mm3/y 

Emergency water pond management – 

passive 

Qualitative Value - 

Design basis / regulatory requirement Qualitative Value - 

Tailings density Qualitative Value - 

Maximum dam height Height m 

Operational monitoring requirements – safety Qualitative Value - 

Technical Containment 

design 

Style of containment Qualitative Value - 

Number of dams Number # 

Construction volumes Volume Mm3 

Tailings initial settled density Density t/m3 

Drainage provisions Qualitative Value - 

Seepage management – physical Qualitative Value - 

Seepage management – quality Qualitative Value - 
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Account Sub-account Indicator Indicator 

Parameter 

Unit 

Technical 

(cont’d) 

Construction 

requirements 

Foundation Preparation for Tailings Storage 

Area (excludes dam) 

Qualitative Value - 

Tailings infrastructure Qualitative Value - 

Foundation preparation for PAG waste rock 

facility 

Qualitative Value - 

Initial dam construction Qualitative Value - 

Sustaining construction 

(excludes waste delivery) 

Dam raise 

frequency 

years 

Water 

management 

Catchment area Area km2 

Flood routing Qualitative Value - 

Water balance – surplus / deficit / balance Qualitative Value - 

Water recycle requirement Volume Mm3/y 

Water treatment Qualitative Value - 

Surplus water management Volume Mm3/y 

Operational monitoring requirements – 

internal site water management 

Qualitative Value - 

Execution Technology precedent – processing Proven to Project 

throughput ratio 

ratio 

Technology precedent – storage Proven to Project 

throughput ratio 

ratio 

Tailings delivery complexity Qualitative Value - 

Tailings placement complexity Qualitative Value - 

PAG waste rock delivery and placement Qualitative Value - 

Operational flexibility Qualitative Value - 

Closure Closure concept – physical Qualitative Value - 

Closure concept – geochemical Qualitative Value - 

Closure concept – active closure period Years # 

Closure concept – long-term maintenance 

and monitoring 

Qualitative Value - 

Concurrent closure and reclamation Qualitative Value - 

Premature closure Qualitative Value - 

Environment Climate and air 

quality 

Sensitivity to climate change Qualitative value - 

Dust emissions Qualitative value - 

Noise and vibration Qualitative Value - 

Surface water 

quantity 

Loss of catchment area Area km2 

Surface water 

quality 

Storage of PAG materials Qualitative Value - 

Dam embankment area Area ha 

Seepage quantity Qualitative value - 
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Account Sub-account Indicator Indicator 

Parameter 

Unit 

Environment 

(cont’d) 

Groundwater Groundwater quality Qualitative value - 

Groundwater quantity 

(base flow to downstream creeks) 

Qualitative value - 

Terrain and soils High productivity soils Area ha 

Fish, Fish Habitat 

and Aquatic 

Species 

Risks to fisheries and aquatic resources Qualitative value - 

Stream length affected Length km 

Fish habitat Area ha 

Terrestrial 

Ecosystems 

Loss of and risk to wetlands Area ha 

Wildlife and 

wildlife habitat 

Loss of high-quality habitat for species of 

conservation concern 

Area ha 

Loss of capable caribou habitat Area ha 

Loss of high-quality habitat for moose Area ha 

Toxicological risk to migratory birds and 

amphibians 

Qualitative value - 

Toxicological risks to terrestrial wildlife 

species 

Qualitative value - 

Socio-

economic 

Current use of 

lands and 

resources for 

traditional purposes 

– Lhoosk’uz Dené 

Nation 

Availability (abundance and distribution) of 

resources harvested by Indigenous people 

Area and length ha and 

km 

Quality of resources harvested by 

Indigenous people 

Qualitative Value - 

Quality of Indigenous harvesters' experience Qualitative Value - 

Current use of 

lands and 

resources for 

traditional 

purposes – Skin 

Tyee First Nation 

Availability (abundance and distribution) of 

resources harvested by Indigenous people 

Area and length ha and 

km 

Quality of resources harvested by 

Indigenous people 

Qualitative Value - 

Quality of Indigenous harvesters' experience Qualitative Value - 

Current use of 

lands and 

resources for 

traditional purposes 

– Ulkatcho First 

Nation 

Availability (abundance and distribution) of 

resources harvested by Indigenous people 

Area and length ha and 

km 

Quality of resources harvested by 

Indigenous people 

Qualitative Value - 

Quality of Indigenous harvesters' experience Qualitative Value - 

Non-traditional 

land use 

Registered traplines Project overlap of 

tenure area 

% 

Agricultural and range tenures Project overlap of 

tenure area 

% 

Public recreation Overlap with areas of recreational sensitivity 

and significance 

Project overlap of 

recreational areas 

ha 

Human Health Potential health risks Qualitative Value - 

Employment Employment opportunities People employed # 
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Account Sub-account Indicator Indicator 

Parameter 

Unit 

Project 

Economics 

Proponent cost Initial capital costs Cost $ 

Sustaining capital and operating costs Cost $ 

Closure costs Cost $ 

Post-closure costs Qualitative value - 

8.3 Multiple Accounts Ledger 

The indicators listed in Table 8.2-1 are tabulated in the multiple accounts ledger (Appendix F), along 

with the applicable measurement parameter (e.g., length) and unit of measurement (e.g., metres). 

Each alternative is described, factually and objectively, in regard to each indicator. 
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9. STEP 5: VALUE-BASED DECISION PROCESS 

9.1 Scoring 

To provide a consistent approach to scoring both quantitative and qualitative indicators, value scales 

are developed for each indicator (Appendix F). Scales range from one (1) to six (6), with higher scores 

indicating a higher degree of preference (e.g., less adverse impact, less risk, greater certainty). 

Scales are defined to cover the range of values embodied by the remaining candidates as well as other 

realistically conceivable alternatives. In most cases, the end points define the realistic best and worst 

case scenarios, even if these end points are beyond the bounds of the remaining alternatives. 

In accordance with the ECCC Guidelines, the scales should be developed to be:  

 Operational, such that the scale should be relevant and able to accommodate any other realistically 

conceivable alternative that may be added at a later time;  

 Reliable, in that different parties should arise at the same score given the same scale and 

background information;  

 Relevant to the indicator being scored; and  

 Justifiable, so that any external party should agree that the scale is reasonable.  

For each indicator, the information provided for each alternative is considered against the applicable 

indicator’s scale, and each alternative is assigned the appropriate score from one (1) to six (6). For a 

given indicator, candidates with higher scores are preferred over those with lower scores. In accordance 

with the ECCC Guidelines, the robust and transparent characterization of each candidate within the 

ledger supports scoring that is clear and easily reproducible so that any external party would arrive at 

the same conclusions. 

9.2 Indicator Weighting 

The indicator weightings presented in this section are based on professional experience and judgement 

of the Project team. All values were evaluated on a six-point scale, with 6 being the most significantly 

valued and 1 being the least. Weightings are relevant only when there is more than one indicator since 

they contrast the relative importance of each indicator within a given sub-account. The tables provide the 

indicators for each sub-account along with a scalar value and metric on which to score the candidates. 

Not all scalar value (i.e., from 1 to 6) have a metric for all indicators. This can be the case for the more 

qualitative indicators where the metric can be candidate-specific than for the quantitative metrics. In 

cases where the scalar values are not sequential (e.g., 2, 4, 6) the difference between the metric is 

considered more significant than when they are sequential (i.e., 2, 3, 4). 

9.2.1 Physical Stability 

Indicator weighting for the physical stability sub-account are provided in Table 9.2-1. Indicator weighting 

was assigned based on recommendation and findings from the Panel Report (IEEIRP 2015). The 

indicators weighted with the highest values for the physical stability sub-account are location of water 

storage and normal operating pond volume. These indicators are implicit in the BAT principle of 

“eliminating surface water from the TSF” and were major factors in the events that led to the failure of 

the Mount Polley TSF (IEEIRP 2015). 
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Table 9.2-1: Physical Stability Indicator Weighting 

Indicator Weighting Value 

Location of water storage 6 

Tailings and waste rock interstitial water 5 

Normal operating pond volume 6 

Emergency water management – pumps (active) 2 

Emergency water management – pumps (passive) 4 

Design basis / regulatory requirement 3 

Tailings density 5 

Maximum dam height  4 

Operational monitoring requirements – safety 5 

Indicators weighted with high values include tailings physical stability, tailings and waste rock interstitial 

water, and operational monitoring requirements. The overarching goal of BAT for tailings management 

from the Panel Report is to assure physical stability of the tailings deposit (IEEIRP 2015, section 9.3.1), 

which can be achieved by increasing the density of tailings through thickening or filtering the material. 

An additional goal of the Panel Report is to “promote unsaturated conditions in the tailings with drainage 

provisions” and “achieve dilatant conditions throughout the tailings deposit”, which can be is achieved by 

reducing interstitial water in waste materials and by compaction. Operational monitoring, although not 

relevant to all failure modes, is considered vital to safety as it can provide early warning of conditions that 

deviate from design specifications.  

Indicators weighted with moderate values include emergency water management – spillway (passive), 

maximum dam height, and design basis / regulatory requirement. The storage facilities are designed to 

hold high return flood events. Routing excess water through a spillway during emergency conditions is a 

more reliable method of emergency water management than pumping the water out of the impoundment. 

Higher dams do not necessarily have higher risk of failure; however, they generally have higher 

consequence if they do fail. Regulatory requirements for TSF design are important as they allow for 

increased regulatory scrutiny.  

Indicators weighted with low values include emergency water management – pumps (active). The waste 

management facilities are designed to hold the IDF; in an emergency situation, active pumping of water 

from the TSF would be less effective and reliable than routing the water through a spillway; this indicator 

is thus assigned a correspondingly low weighting. 

9.2.2 Technical 

The indicators for each technical sub-account were each assigned a weighting according to professional 

judgment, as well as the associated risk of each indicators. For each sub-account with multiple indicators, 

these assigned weightings are presented in Tables 9.2-2 to 9.2-6. 

9.2.2.1 Containment Design 

The indicator weighting values for the sub-account containment design were assigned based on their 

relative importance with respect to ease of construction and operation; weightings are presented in 

Table 9.2-2. 
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Table 9.2-2: Containment Design Indicator Weighting 

Indicator Weighting Value 

Style of containment 6 

Number of dams 5 

Construction volumes 3 

Tailings initial settled density 1 

Drainage provisions 4 

Seepage management – physical 3 

Seepage management – quality 5 

The indicators assigned the highest value include style of containment, number of dams, and seepage 

management - quality. Style of containment is important because the storage location within the natural 

topography affects safety and construction / operational complexity; for example, a valley fill TSF is 

considered safer and easier to operate than a ring-dike TSF. Poor quality seepage reporting to the 

seepage collection ponds indicates ML/ARD is occurring within the waste materials; this is difficult to 

mitigate and has potentially long-term implications for water treatment and monitoring. 

Indicators weighted with moderate values include drainage provisions, construction volumes, and 

seepage management – physical. Drainage provisions include embankment and foundation drains, and 

while potentially onerous in the case of the latter, are not critical for safety or ease of construction and 

operation. Similarly, construction volumes are important but not a critical factor provided there is sufficient 

suitable (i.e., NAG) material. Seepage management (physical) is important and required for all mine 

waste facilities; it includes cut-off trenches, collection ponds and covers and liners encapsulating reactive 

waste material. Seepage rates, while important, can be more easily managed by sizing pumps, whereas 

seepage quality deterioration is more difficult to manage, particularly in the long-term. 

The indicator weighted with a low value is tailings initial settled density because this indicator is primarily 

important to the size of the TSF, which is considered less important to safety and ease of construction 

and operation than the indicators listed above. 

9.2.2.2 Construction Requirements 

The indicator weighting values for the sub-account construction requirements were assigned based on 

their relative importance with respect to potential construction effort and complexity; weightings are 

presented in Table 9.2-3. 

Table 9.2-3: Construction Requirements Indicator Weighting 

Indicator Weighting Value 

Foundation preparation for tailings storage area (excludes dam) 6 

Tailings infrastructure 4 

Foundation preparation for PAG waste rock facility 6 

Initial dam construction 6 

Sustaining construction (excludes waste delivery) 4 

Foundation preparation for tailings storage area (excludes dam) 6 
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The indicators of the highest significance include foundation preparation for tailings storage area; 

foundation preparation for PAG waste rock facility, and initial dam construction. These indicators are 

weighted as most important because the four candidates under considered in this assessment represent 

large areas with considerable variability in construction requirements and complexity. In addition, initial 

dam construction is vulnerable to timing (i.e., single stage versus multiple stage construction) and the 

potential shortage of suitable construction material.  

Indicators weighted with moderate values include tailings infrastructure and sustaining construction. 

These indicators are rated as less important because they tend to be known quantities (e.g., pipe, pumps 

and construction material volumes). 

9.2.2.3 Water Management 

The indicator weighting values for the sub-account water management were based on safety, 

environmental risk, and complexity of water treatment; weightings are presented in Table 9.2-4. 

Table 9.2-4: Water Management Indicator Weighting 

Indicator Weighting Value 

Catchment Area 3 

Flood Routing 4 

Water Balance – Surplus/Deficit/Balance 6 

Water Recycle Requirement 2 

Water Treatment 4 

Surplus Water Management 5 

Operational monitoring requirements – internal site water management 4 

The indicator water balance was assigned the highest value: maintaining water balance on a TSF is a 

key performance criterion for tailings management. Water balance adequacy, including provisions and 

contingencies for wet years, was identified as an important measure for regulatory review in the Panel 

Report. Surplus water, more common in a project’s later years of operation, risks overtopping of the TSF. 

Surplus water management is assigned a high weighting because this indicator relates to the ability to 

manage surplus water on the TSF; inability to manage surplus water presents a significant safety risk to 

an impoundment.  

Indicators assigned moderate values include flood routing, water treatment, operational monitoring 

requirements, and catchment area. The capacity to retain a flood event and prevent discharge during 

operations is important because of potential downstream effects of a release. Flood routing through an 

active construction area has the potential to erode and transport tailings into the water storage pond and, 

if discharged through a spillway, have downstream effects. Potential for long-term water treatment exists 

should the waste materials generate ML/ARD that need to be collected and treated prior to discharge. 

In addition to the cost implication, water treatment is important because of the risks associated with 

system failure or inability to meet discharge objectives. Internal water monitoring requirements during 

operations are expected to be different for the technology alternatives. Monitoring requirements are 

anticipated to be more onerous as a result of the greater potential for ML/ARD and sudden changes in 

conditions associated with filtered tailings and PAG waste rock stored on land. The indicators catchment 

areas and water recycle requirements are well understood and considered less important as they are 

managed through clean water diversion and sizing of recycle infrastructure.  
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9.2.2.4 Execution 

Execution incorporates delivery and placement of the waste materials at a throughput of 60,000 tpd and 

also considers flexibility during upset conditions; indicator weightings are presented in Table 9.2-5.  

Table 9.2-5: Execution Indicator Weighting 

Indicator Weighting Value 

Technology Precedent – processing 2 

Technology Precedent – storage 4 

Tailings Delivery Complexity 6 

Tailings Placement Complexity 5 

PAG Waste Rock Delivery and Placement 4 

Operational Flexibility 5 

The indicators tailings delivery complexity, tailings placement complexity, and operational flexibility are 

weighted with high values because they have the potential to disrupt or stop operations if unable to meet 

specifications. Greater complexity for tailings delivery and placement generally implies greater likelihood 

of failure whereas operational flexibility relates to robustness of the system tailings to manage upset 

conditions. Filtered tailings require transportation via an overland conveyor with a stacker followed by 

spreading and compaction; alternatively a large fleet of haul trucks would be required to transport the 

tailings. Since thickened-slurry tailings are conveyed through a pipeline and do not require spreading or 

compaction, they are significantly less complex to manage. PAG waste rock delivery is an important 

criterion because there are challenges associated with saturating the rock and at suitable ‘lift-thickness’ 

to ensure stability. 

The technology precedent – processing indicator is weighted lower than other indicators because 

technology is generally scalable and for this reason increasing the processing capacity for filtered tailings 

while potentially challenging, is considered less important than other indicators. 

9.2.2.5 Closure 

High significance closure concepts include physical and geochemical stability as well as long-term 

monitoring and maintenance requirements; indicator weightings are presented in Table 9.2-6. These 

indicators were weighted with high values as ensuring long-term physical and chemical stability whilst 

reducing long-term maintenance and monitoring requirements are key closure objectives. The ability to 

implement the closure plan should the mine close prematurely is also important but was weighted with a 

moderate value because a closure plan is usually amenable to modification specific to the project stage. 

The active closure period and capacity for concurrent reclamation are considered less important than 

the long-term physical and geochemical stability and were weighted lower accordingly. 

Table 9.2-6: Closure Indicator Weighting 

Indicator Weighting Value 

Closure concept – physical 6 

Closure concept – geochemical 5 

Closure concept – active closure period 2 

Closure concept – long-term maintenance and monitoring 5 
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Indicator Weighting Value 

Concurrent closure and reclamation 1 

Premature closure 4 

9.2.3 Environment 

The indicators for each environment sub-account were each assigned a weighting according to 

professional judgment, as well as on the strength of regulatory protection and concern for a given 

indicator and whether the indicator is related to an area of Indigenous concern. For each sub-account 

with multiple indicators these assigned weightings are presented in Tables 9.2-7 to 9.2-13 below. 

9.2.3.1 Climate and Air Quality 

The indicator weighting values for the sub-account climate and atmosphere were assigned based on the 

relative risk to human health and environment (Table 9.2-7). The indicator dust emissions was assigned 

the highest weighting, as the storage of on-land tailings and waste rock may cause negative effects to 

workers and the surrounding environment (e.g., country foods).  

Table 9.2-7: Climate and Air Quality Indicator Weighting 

Indicator Weighting Value 

Sensitivity to climate change 3 

Dust emissions 5 

Noise and Vibrations 2 

The indicator sensitivity to climate change was assigned a moderate weighting because, although the 

time frames under consideration in this indicator would primarily occur after the Project’s closure phase, 

the presence of tailings and PAG waste rock on-land would most-likely require long-term maintenance 

because of the facility sensitivity to extreme dry or wet events and require active water treatment, which 

may become more challenging with climate change. 

The indicator noise and vibration was assigned a low weighting because the temporal period over which 

noise and vibration effects are expected to occur is relatively short (i.e., only during mine life and for a 

relatively short period during reclamation). 

9.2.3.2 Surface Water Quality 

The indicator weighting values for the sub-account surface water quality were assigned based on the 

relative risk to the environment (Table 9.2-8). The prevention of ML/ARD by storing PAG materials under 

water is considered the most significant indicator for the surface water quality sub-account. The requirement 

to treat contact water prior to discharging to the receiving environment introduces risks if complications 

occur and compliance with regulatory guideline values becomes unattainable. 

Table 9.2-8: Surface Water Quality Indicator Weighting 

Indicator Weighting Value 

Storage of PAG material 6 

Seepage quantity 3 

Dam embankment area  2 
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The quantity of seepage through the tailings dam, although mostly captured by the collection ditches and 

reporting to the seepage collection pond, could affect downstream water quality. The seepage quantity is 

greater where water is close to the dam. Although important, this indicator is weighted lower than storage 

of PAG material and operational discharge of treated water because the mine has been designed to 

collect and recycle seepage and runoff from the TSF dam. 

9.2.3.3 Groundwater 

The groundwater quality indicator is weighted with a high value because deterioration in groundwater 

quality has potentially significant implications for downstream surface water quality, fish and fish habitat 

and long-term management (Table 9.2-9). The groundwater quantity indicator is weighted with moderate 

value because, although important for maintaining flows in downstream creeks, these will be mitigated 

by augmenting creek flow during operations. 

Table 9.2-9: Groundwater Indicator Weighting 

Indicator Weighting Value 

Groundwater quality  5 

Groundwater quantity 3 

9.2.3.4 Fish, Fish Habitat, and Aquatic Resources 

The indicator values for the sub-account fish, fish habitat and aquatic resources were assigned based on 

legislative requirements and relative risk to the species under consideration (Table 9.2-10). The indicator 

loss of fish habitat was assigned the highest weighting because of the importance of fish habitat to fish 

species, and their relative importance to biodiversity and traditional use. The indicator “stream length 

affected” was assigned a low weighting because this indicator provides less information on the habitat 

function of these affected streams. The indicators risk to fisheries and aquatic species is weighted lower 

because residual risks are expected to be minimized with mitigation measures in place. 

Table 9.2-10: Fish, Fish Habitat, and Aquatic Resources Indicator Weighting 

Indicator Weighting Value 

Risks to fisheries and aquatic resources 1 

Stream length affected 2 

Loss of Fish Habitat 6 

9.2.3.5 Wildlife 

Indicators for the sub-account wildlife were assigned considering the relative strength of the legal 

protection for each indicator, the stated concerns of Indigenous groups for each species, the habitat 

specificity of the affected species, the sensitivity of species to disturbance, and the amount of suitable 

habitat in the general Project region (Table 9.2-11).  

The indicators toxicological risk to migratory birds and amphibians and bats and loss of capable caribou 

habitat were assigned the highest weighting because of the legal status, both provincially and federally, 

of these species as well as Indigenous concern around caribou habitat.  

The toxicological risk to terrestrial wildlife species indicator was assigned a moderate weighting because 

most wildlife species are inclined to avoid the mining area during operations; after closure there would be 
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minimal exposure to COPC because of reclamation. The loss of high-quality habitat for species of 

conservation concern indicator, which includes myotis bat habitat, was assigned a moderate weighting 

because there is abundant high-quality habitat in regional area and the lost areas are relatively small. 

The loss of high quality habitat for moose indicator is weighted with a low value because there is similar 

high quality habitat in the regional area and the area lost is small. 

Table 9.2-11: Wildlife Resources Indicator Weighting 

Indicator Weighting Value 

Loss of high-quality habitat for species of conservation concern 3 

Loss of capable caribou habitat 6 

Loss of high quality habitat for moose 2 

Toxicological risk to migratory birds and amphibians and bats 6 

Toxicological risk to terrestrial wildlife species 4 

9.2.4 Socio-economic 

9.2.4.1 Current Use of Lands for Traditional Purposes 

For the three Indigenous groups (LDN, UFN and STN) with potential for current uses to interact with the 

candidate alternatives, relative indicator weightings are assigned based on the degree of the relative 

potential impact. Potential changes in the quality of harvested resources were weighted highest because 

of health implications of poor quality foods for consumers. The change in the quality of experience of the 

area and availability of harvested resources were weighted lower because although they may affect 

enjoyment and access to harvested resources, they are not as important as the quality of the harvested 

resources (Table 9.2-12). In addition, the areas of overlap with traplines are relatively small (< 5%). 

Table 9.2-12: Indicator Weighting for Current Use of Lands for Traditional Purposes – 

Lhoosk’uz Dené Nation, Ulkatcho First Nation and Skin Tyee Nation, 

Indicator Weighting Value 

Availability (abundance and distribution) of resources 3 

Quality of resources harvested by Indigenous people 6 

Quality of Indigenous harvesters’ experience 4 

9.2.4.2 Non-traditional Land Use 

The weightings for the indicators under non-traditional land use (Table 9.2-13) are based on the relatively 

small percentages of registered tenures overlapped by the candidate footprints. Agricultural and range 

tenures, and registered traplines were assigned with low and moderate values respectively. 

Table 9.2-13: Indicator Weighting for Non-traditional Land Use 

Indicator Weighting Value 

Registered traplines 3 

Agricultural and range tenures 2 
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9.2.5 Economic 

Proponent costs indicators (initial capital costs, sustaining capital and operating costs, closure costs, and 

post-closure costs) have been assigned the same weightings (i.e., 1) to remove any bias that weighting 

the costs towards net present value would present (i.e. calculating a higher value for capital costs versus 

closure and post-closure costs). 

9.3 Sub-account Weighting 

The sub-account weightings presented in this section are based on professional judgement of the Project 

team who assembled this report. Only accounts with more than one sub-account are discussed in this 

section. All values were evaluated on a six-point scale, with 6 being the most significantly valued and 

1 being the least. 

9.3.1 Physical Stability Sub-account Weightings 

Physical stability is an account that does not have any sub-accounts. 

9.3.2 Technical Sub-account Weightings 

Technical sub-account weightings were assigned according to the relative Project risk associated with 

the sub-account. Containment design, water management, execution, and closure were considered to all 

have equally high risk to safe TSF construction, operation, closure, and post-closure (Table 9.3-1). 

The construction requirements sub-account was considered lower risk because although foundation 

preparations and infrastructure installation could lead to cost and scheduling delays during construction, 

there are fewer implications for Project outcomes during operation and for closure. 

Table 9.3-1: Technical Sub-account Weightings 

Sub-account Weighting Value 

Containment Design 6 

Construction Requirements 4 

Water Management 6 

Execution 6 

Closure 6 

9.3.3 Environment Sub-account Weightings 

Environment sub-account weightings were assigned based on the relative sensitivities of the 

sub-accounts to the differences in candidate alternatives, as well as the relative legal protection and 

Indigenous interest in a given sub-account (Table 9.3-2). The fish, fish habitat and aquatic resources 

sub-account was assigned the highest weighting because of the presence of species of importance of fish 

and fish habitat and potential risks to fish habitat and aquatic resources resulting from the different 

candidate alternatives (Table 9.3-2). The related surface water quality sub-account was also ranked 

highly because of potential sensitivity of downstream aquatic resources to any poor quality water releases 

from the Project. The sub-accounts wildlife was also weighted with a high value because of potential loss 

of high quality habit and toxicological risk from the different waste management technologies. 
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Table 9.3-2: Environment Sub-account Weightings 

Sub-account Weighting Value 

Climate and air quality 3 

Surface water quantity 4 

Surface water quality 6 

Groundwater 3 

Terrain and Soils 1 

Fish, fish habitat, and aquatic resources 6 

Terrestrial Ecosystems 3 

Wildlife 5 

The sub-account terrestrial ecosystems was moderately weighted because, although important to many 

wildlife and plant species, the overall affected habitat associated with each candidate footprint is small 

relative to the available habitat within the regional area. The sub-account climate and air quality was also 

weighted moderately because robust design and operational procedures will mitigate the potential effects 

to and resulting from the waste storage facilities. The sub-account groundwater was weighted with a 

moderate value because, although important for providing base flow to streams during critical low-flow 

periods, the project design will cut-off and intercept most poor quality groundwater seepage. Also, stream 

flow augmentation to meet downstream stream flow needs will mitigate the effects from the Project. The 

sub-account terrain and soils was weighted with a low value because the candidates are all located within 

stable terrain and the area of high quality soil affected by the candidate footprints is small. 

9.3.4 Socio-economic Sub-account Weightings 

Socio-economic sub-account weightings were assigned based on the relative sensitivities of the 

sub-accounts to the differences in candidate alternatives, as well as to emphasize the importance of 

minimizing impacts to Indigenous groups resulting from the alternatives (Table 9.3-3). Thus, the 

sub-accounts Current Use of Lands and Resources for Traditional Purposes – Lhoosk’uz Dené Nation, 

Current Use of Lands and Resources for Traditional Purposes – Ulkatcho First Nation, and Current Use of 

Lands and Resources for Traditional Purposes – Skin Tyee Nation” were assigned the highest weighting. 

In addition, the sub-account human health was also assigned the highest weighting as these are 

considered most important within the context of potential effects to local communities. 

Table 9.3-3: Socio-economic Sub-account Weightings 

Sub-account Weighting Value 

Current Use of Lands and Resources for Traditional Purposes – Lhoosk’uz Dené Nation 6 

Current Use of Lands and Resources for Traditional Purposes – Skin Tyee Nation  6 

Current Use of Lands and Resources for Traditional Purposes – Ulkatcho First Nation 6 

Non-traditional Land Use 2 

Public recreation 2 

Human Health 6 

Employment  3 
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The sub-account public recreation was assigned a moderate value weighting because of the disturbance 

to public recreation that a mining operation would bring to the upper catchment of Davidson Creek; 

although there is other highly rated recreational land in proximity of the Project footprint. The sub-account 

employment has a moderate value weighting because of benefits to local communities that potentially 

arise from greater employment opportunities. The incremental opportunities arising from the different 

waste management technologies is small relative to the overall staffing requirements and some of these 

positions may be specialized and not directly benefit local communities.  

The sub-account non-traditional land use includes range and registered trapline tenures and was 

assigned a low weighting. Although LDN and SFN have expressed concern about potential effects on 

trapline holders, the percentage of total tenure areas which the candidate footprints overlap are small 

relative to the total tenure areas. 

9.3.5 Economic Sub-account Weightings 

The project Economic account does not have any sub-accounts. 

9.4 Account Weightings 

The recommended base-case account weightings were derived from the ECCC Guidelines, and are 

presented in Table 9.4-1. Although physical stability is not traditionally an account under the ECCC 

Guidelines, it has been separated from the Technical Account and assigned the highest weighting (along 

with the Environment Account) to emphasize the Panel Report’s emphasis on the physical safety/stability 

of waste impoundments. 

Table 9.4-1: Account Weightings for Base Case Scenario 

Account Weighting Value 

Physical stability 6 

Technical 3 

Environment 6 

Human Environment 3 

Project Economic 1.5 

9.5 Quantitative Analysis 

The ECCC Guidelines describe the calculation of merit ratings for each candidate based on the relevant 

scores and weightings. Merit ratings were calculated using the ECCC provided spreadsheet (Appendix G). 

The resulting “alternative merit rating” is a number between 1.0 and 6.0, where higher numbers indicate a 

greater degree of preference. The alternative, account, and sub-account merit ratings can be compared 

across alternatives. The overall results are presented in Table 9.5-1. The scoring represents the sum of 

the five Accounts with Base Case weightings as per Table 9.4-1. Candidate 1 scored highest overall with 

4.04, indicating that it is the preferred alternative for the base case analysis. 

Table 9.5-1: Results of Quantitative Analyses 
 

Candidate 1  Candidate 7  Candidate 10  Candidate 22  

Base Case 4.04 2.89 3.36 3.36 

Note: Yellow highlighted cell indicates the preferred alternative (i.e., the highest number outcome). 
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Candidate 1 (slurry tailings / PAG submerged) was the selected option with the overall highest score 

of 4.04.  

The scoring of the individual accounts is shown graphically below (Figure 9.5-1) and illustrates that 

Candidate 1 scored highest for all accounts except Physical Stability. As expected, Candidate 22 scored 

highest with respect to Physical Stability because it meets many of the BAT principles suggested in the 

Panel Report (e.g., water not stored within the active waste storage facility and dry, compacted tailings 

promote strength). Candidate 1 scored the second best for Physical Stability.  

However, Candidate 22 does not score high in the other accounts because of the technical challenges of 

operating a filtered TSF at the Project throughput and climate and the geochemical risks associated with 

unsaturated storage of PAG materials. The scores on the vertical axis of Figure 9.5-1 are relative to each 

account and not comparable across accounts.  

Candidate 1 scored highest for the Technical account because this candidate allows for the best 

management of seepage through development of a long tailings beach. Candidate 1 also entails fewer 

foundation construction requirements and infrastructure for tailings production compared to the other 

alternatives. The submergence of PAG/NAG3 materials is very important in ameliorating geochemical 

conditions so that ML/ARD is minimized; long-term monitoring and maintenance is reduced with only the 

TSF runoff to capture (and anticipated quality of water will improve with saturation of PAG/NAG3 materials. 

Candidate 1 scored highest for the Environment account because the effects from poor water quality 

(ML/ARD) are minimized by submergence. Deposition by slurry maintains a wetted beach that minimizes 

dust generation. The seepage quantity is less than the other candidates as water is kept away from the 

dam by a large beach. The better water quality and lower dust emissions means toxicological risk to 

wildlife is minimized. Candidate 1 also scored highest for the Socio-economic account because less dust 

and better water quality minimize the potential health effects from harvested resources.  

The Project Economics are more favourable for Candidates 1 because they do not require the cost of 

operating a filter plant and equipment for tailings placement, as well as higher anticipated closure costs of 

the filtered tailings candidates.  

A Failure Modes and Effects Assessment (FMEA) was completed to identify and characterize risks from 

accidents, failures of an engineered system or malfunctions (Knight Piésold 2015a; Appendix H). The 

FMEA evaluated risks specific to the TSF concept identified to be the BAT for the Project, Candidate 1 

(slurry tailings/submerged PAG). The FMEA evaluated risk management practices outlined in the 

Application/EIS, and other practices expected to be applied during the Project’s permitting phase. 

The FMEA also identified areas where additional mitigations and contingencies, based on BAP for tailings 

management, could be implemented to minimize identified risks. The FMEA demonstrated that the 

majority of risks to the Project are mitigated through the key defensive measures in place in the current 

design and key defensive measures to be applied during permitting. The FMEA created a catalogue of 

potential hazards to the proposed TSF and documents the best available practices to mitigate the risk of 

each hazard and is a ‘living document’ that will be periodically updated during the mine phases. Additional 

mitigations and contingencies will be developed further during permitting, design and early construction to 

establish an implementation strategy and plans that provide further reduction of risk to the Project’s 

current low risk TSF profile. 

Risk management measures identified in the FMEA (Appendix H) focus on improvements to water 

management practices and contingencies as water is often a key factor in tailings dam failures. These 

measures were developed by Knight Piésold (2015a) and include additional design elements, operational 

practices, and contingencies that reduce risk. The risk management measures have the potential to 

change the Project’s environmental effects (e.g., from alterations in water release); potential effects are 

discussed in Appendix I.  



Figure 9.5-1: Account Scores for Tailings Storage Facility Candidates
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The sensitivity analysis re-assigns the weightings of the accounts and sub-accounts to provide alternative 

value systems to those recommended in the Guidelines for the base case. 

Eleven sensitivity analyses were performed for this assessment (Table 10-1): 

1. All accounts were given an equal weighting (i.e., a value of 1; Appendix G-2). 

2. All accounts and sub-accounts were assigned equal weightings (i.e., a value of 1; Appendix G-3). 

3. The project Economic Account indicators were weighted towards their relative contribution to the NPV 

(Appendix G-4). 

4. The project Economic Account was removed from the analysis (Appendix G-5). 

5. Physical Stability was incorporated into the Technical account consistent with the ECCC Guidelines 

(Appendix G-6). 

6. Only Current Use of Lands and Resources for Traditional Purposes was considered in the analysis 

(Appendix G-7). 

7. The Physical Stability Account was only considered (Figure 9.5-1; Appendix G-8). 

8. The Technical Account was only considered (Figure 9.5-1; Appendix G-9). 

9. The Environment Account was only considered (Figure 9.5-1; Appendix G-10). 

10. The Socio-economic Account was only considered (Figure 9.5-1; Appendix G-11). 

11. The project Economic Account was only considered (Figure 9.5-1; Appendix G-12). 

The sensitivity analyses indicate that the overall rankings are relatively insensitive to other value systems 

as Candidate 1 scores highest in all other sensitivity runs, with the exception of sensitivity run 7 where 

only the Physical Stability account is considered. 

Table 10-1: Results of Sensitivity Analyses 

Sensitivity Run Candidate 

1  

Candidate 

7  

Candidate 

10  

Candidate 

22  

1 – All accounts given equal weighting 4.28 2.76 3.53 2.97 

2 – All accounts and sub-accounts given equal weighting 3.99 2.90 3.44 3.30 

3 – Economic Account weighted towards contribution to 

net present value (NPV) 
4.06 2.89 3.40 3.39 

4 – Economic Account removed from the analysis 3.96 2.98 3.31 3.51 

5 – Physical Stability incorporated into Technical account 4.08 2.78 3.48 2.77 

6 – Only Current Use of Lands and Resources for 

Traditional Purposes considered 
4.04 2.84 3.34 3.36 

7 – Only the Physical Stability account is considered 3.90 3.18 3.08 4.88 

8 – Only the Technical account is considered 4.36 2.86 3.48 2.72 

9 – Only the Environmental account considered 3.43 2.68 3.16 2.86 

10 – Only the Socio-economic account considered 4.74 3.34 3.92 2.91 

11 – Only the Economic account considered 5.00 1.75 4.00 1.50 

Note: Yellow highlighted cells indicate the preferred alternative (i.e., the highest number outcome) for each 
sensitivity analysis. 
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The scoring of the individual accounts is shown graphically (Figure 9.5-1; sensitivity analyses 7 to 12) 

and illustrates that Candidate 1 scored highest for all accounts except Physical Stability. As expected, 

Candidate 22 scored highest with respect to Physical Stability because it meets many of the BAT 

principles suggested in the Panel Report (e.g., water not stored within the active waste storage facility 

and dry, compacted tailings promote strength). However, it does not score high in the other accounts 

because of the technical challenges of operating a filtered TSF at the Project throughput and the 

geochemical risks associated with unsaturated storage of PAG materials. Candidate 1 also scored 

highest with the removal of economic account and when only current use of lands and resources were 

maintained for the socio-economic account. 
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The deposition of mine waste has the potential to infringe Indigenous rights and interests to the extent 

that it interferes with Indigenous groups’ distinctive practices, customs, and traditions relating to lands and 

resources in the area. Interference with the exercise of Indigenous rights could result from impeded 

access, reduced resource availability, reduced resource quality, and other factors (such as excessive 

noise, increased presence of non-Indigenous land users, etc.). 

The traditional territories of four Indigenous nations overlap with the candidate tailings, waste rock and 

overburden stockpiles, and low grade ore stockpile (Figures 4.3-4, 4.3-5, 4.3-10, and 4.3-11), including 

LDN, UFN, STN, and TNG. Métis’ Indigenous rights are not tied to traditional sites and territories, given 

their traditionally extensive mobility. The MNBC has asserted harvesting rights around the Project area.  

The tailings, waste rock and overburden stockpiles, and low grade ore stockpile are located within the 

historic LDN Baptiste keyoh (family-owned area used for traditional activities). The provincially-registered 

trapline associated with this keyoh (TR0512T027) has not been commercially active for 20 years, but 

Indigenous rights may continue to be practiced in the area. The preferred candidates are also located in 

the proximity of the LDN Mashu keyoh. The provincially-registered trapline associated with this keyoh 

(TR0512T014) continues to be active. LDN members traditionally harvested caribou on Mount Davidson 

and continue to hunt caribou on the south side and summit of Mount Davidson to a limited extent. Moose 

harvesting has become more prominent for LDN members following declines in caribou numbers. LDN 

has expressed concerns about potential impacts on fishing in Davidson Creek and other water bodies. 

LDN elders noted they pick traditional plants at lower elevations around lakes such as Kuyakuz Lake and 

Tatelkuz Lake. LDN has not entered into treaty negotiations with the Crown to date, nor launched legal 

proceedings with respect to Indigenous title. 

Ulkatcho First Nation traditionally hunted and trapped a variety of species within their territory, including 

caribou, grizzly and black bears, beaver, rabbits, mountain goats, groundhogs, grouse, and waterfowl. 

Members continue to hunt in areas overlapping with the tailings and waste rock storage facility (on Mount 

Davidson), in addition to other locations. No UFN fishing practices were identified in the area of the 

tailings and waste rock facility. Ulkatcho First Nation traditional plant harvesting activities tend to be 

concentrated around lakes. Ulkatcho First Nation has expressed concerns about potential effects of 

the Project on caribou, in particular, and has also expressed concerns about potential impacts on other 

ungulates, fish, and harvestable plants. Ulkatcho First Nation has not entered into treaty negotiations with 

the Crown to date, nor launched legal proceedings with respect to Indigenous title. 

Skin Tyee traditionally used its territory to hunt, trap, fish, and gather plants. Skin Tyee members continue 

to practice Indigenous rights related to hunting (primarily for moose and elk), fishing, and plant gathering 

(both for food and medicinal purposes). Some members continue to trap, although this activity has 

diminished considerably. Consultation efforts to date and review of publically-available information have 

not identified specific sites where STN continues to practice Indigenous rights that overlap with the 

tailings and waste rock storage facility. Skin Tyee has not entered into treaty negotiations with the Crown 

to date, nor launched legal proceedings with respect to Indigenous title. 

Engagements with TNG have not identified Indigenous rights and interests that overlap with the tailings 

and waste rock facility. The Project falls within the Engagement Zone A of the Tsilhqot’in Framework 

Agreement. The agreement was established by the Province of BC, Tsilhqot’in Nation and TNG to 

streamline the referral process on natural resource applications within the TN traditional territories of TNG 

member communities. Activities in Engagement Zone A are defined as having no or low impacts on TNG 

members’ Indigenous rights. The Project does not overlap with proven TN title lands (which form a 
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smaller portion of TN traditional territory). Consequently, the facility is not anticipated to affect TNG’s 

Indigenous rights. 

The MNBC expressed concerns regarding current traditional harvesting activities (hunting, fishing, and 

plant harvesting) occurring in the Project area that could be negatively affected by the Project. 

Consultation efforts with MNBC to date and review of publically-available information has not identified 

Métis harvesting in the area that may be considered distinctive and integral to a pre control Métis 

community, or that such practices continue in a contemporary Métis community.  

The tailings, waste rock and overburden stockpiles, and low grade ore stockpile will be located in an area 

off limits to the public, thereby preventing Indigenous groups from exercising Indigenous rights and 

interests in the vicinity of the facility through the life of the mine. Among the alternatives, Candidate 1 

(slurry tailings / submerged PAG) is the preferred option with respect to potential impacts on Indigenous 

rights, as it will result in the least impact to resources relied upon by Indigenous groups for the exercise of 

Indigenous rights (see Sensitivity Scenario 6).  

The preferred TSF, NAG waste rock and overburden, and low grade ore stockpile candidates will result 

in the loss of known Rainbow Trout habitat but no kokanee spawning habitat. Compensation measures 

have been developed to offset the instream and riparian habitat loss (Palmer 2021). The preferred 

candidates will also result in the loss of capable caribou habitat and high quality moose habitat. Neither 

reduction is expected to significantly affect regional caribou or moose populations. Additionally, the 

preferred TSF technology and location will result in minimal to low toxicological risks to wildlife.  

Site clearing for the tailings, waste rock facility and overburden, and the low grade ore stockpile will 

remove plants potentially harvested by Indigenous groups. The facility is located at an elevation that is not 

conducive to high yields of berries, despite the presence of the plants, because of lower temperatures. 

During closure the mine site and other linear components will be re-vegetated using native species, 

including those harvested for traditional purposes. Consequently, effects on the exercise of the 

Indigenous right to harvest plants due to vegetation clearing is anticipated to be low and reversible 

following reclamation. 

New Gold (previous owner) made a number of changes to the Project as a result of input from the EAO 

WG, Indigenous groups, government agencies and the public on the alternatives assessments. In 

particular, New Gold identified additional measures to manage water and reduce the risk or consequence 

of a tailings dam failure. These measures included active management of water runoff from undisturbed 

areas, and contingency measures for emergency removal of water from the TSF pond to increase dam 

safety. The federal 2019 Decision Statement and 2019 EA Certificate include legally binding conditions to 

mitigate effects associated with mine waste deposition and water management.  

In summary, the tailings, waste rock facility and overburden, and the low grade ore stockpile is anticipated 

to infringe LDN’s and UFN’s – and potentially STN’s and MNBC’s - Indigenous rights to hunt caribou and 

moose on the lower north slope of Mount Davidson, to fish in the upper reaches of Davidson Creek and 

Stream 661, and to gather plants in the facility footprint due to access constraints to some traditional use 

sites throughout the life of the mine. The exercise of these Indigenous rights will able to be resumed 

following reclamation. Effects on Indigenous rights due to changes in the abundance or quality of 

resources are anticipated to be negligible to low, and will be reversible following reclamation. No effects 

on Indigenous title (proven or asserted) are anticipated. However, should LDN, UFN, or STN establish 

Indigenous title over lands containing the facility at a future date, the facility has the potential to affect the 

title-bearing Indigenous group’s right to occupy, manage, govern, enjoy economic benefits from, and 

otherwise use, the lands occupied by the facility. Despite the potential effects to LDN and UFN, BW Gold 

has an agreement in place with these nations and the nations submitted letters of support for the Project 

at the conclusion of the EA process.  



  
 

www.erm.com Version: D.1 Project No.: 0575928 Client: BW Gold LTD. February 2021          Page 12-1 

BLACKWATER GOLD PROJECT 
Assessment of Alternatives for Mine Waste Disposal 

CONCLUSIONS 

12. CONCLUSIONS 

BW Gold has developed and undertaken a comprehensive and structured assessment of tailings and 

PAG/NAG3 waste rock, NAG waste rock and overburden (Appendix B), and low grade ore stockpile 

(Appendix C) management alternatives for the Blackwater Gold Project. The approach followed the 2016 

ECCC Guidelines and considered location, technology and water management practices in selecting BAT 

and BAP for tailings and waste rock management.  

There has been comprehensive engagement on the alternatives assessment. New Gold (prior owner) 

engaged with government agencies, Indigenous nations, tenure holders, local communities and the public 

on the alternatives assessments throughout the EA process. This included engagement with Indigenous 

groups and government agencies on the alternatives assessment methodology, scoring candidates, value 

scales, MAA, and overall results. New Gold participated in EAO WG meetings, community meetings, public 

open houses and meetings with government agencies and Indigenous nations to present the Project 

information, including information on mine waste and water management, and responded to questions. 

New Gold also prepared written responses to comments. Since acquiring the Project in August 2020, 

BW Gold has continued to engage with Indigenous nations to provide updates on the Project, including 

the Project’s requirement for and plans to submit documents in support of the Schedule 2 amendment. 

BW Gold has met with Indigenous nations and Fisheries Oceans Canada to discuss the proposed fish 

compensation plan.  

The results of the tailings and PAG/NAG3 waste rock alternative assessment found: 

 In the base case analysis, Candidate 1 (slurry tailings/PAG submerged) is the most favourable 

tailings and waste rock management alternative. The next highest scoring alternatives were 

Candidate 10 (paste tailings/ PAG submerged) and Candidate 22 (filtered tailings/on land PAG) 

followed by Candidate 7 (filtered tailings/PAG submerged).  

 Candidate 1 scores highest for the technical, environmental, human environment and project 

economics accounts but not for physical stability. Candidate 22 scored highest for physical stability 

as water is not stored within the active waste storage facility and dry, compacted tailings promote 

strength. Candidate 22 does not score high in the other accounts because of the technical challenges 

of operating a filtered TSF at the Project throughput, the climate (i.e., precipitation), and the 

geochemical risks associated with unsaturated storage of PAG waste rock. 

 The sensitivity analyses indicate that the overall rankings are relatively insensitive to other value 

systems as Candidate 1 scores highest in all other sensitivity runs, with the exception of sensitivity 

run 7: only Physical Stability account considered, where Candidate 22 scored highest. 

Four distinct steps were used to determine BAT for the Project: identification of a broad range of initial 

candidates that combined technologies and locations, a preliminary screening, a high-level risk 

assessment, and a MAA. A FMEA was then used to identify BAP to further reduce risk for the selected 

BAT candidate. The best available technology for the Project was determined to be submerged 

co-disposal of thickened slurry tailings and PAG/NAG3 waste rock in a single impoundment in Davidson 

Creek (Candidate 1). That alternative scored the highest in the MAA for technical, environment, 

socio-economic, and economic criteria primarily due to the extensive precedent and flexibility of the waste 

storage technology at the Project’s throughput and climate, the high geochemical stability of the wastes, 

and simpler water management requirements. The high geochemical stability and contained surface 

water during mine operations minimizes the facility’s effects on the natural and human environment 

primarily due to lower toxicological risks to wildlife and humans. No filtration plant or trucking/conveying 

of tailings would be required, simplifying operations with a lower life cycle cost of the facility.  
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The selected candidate scored second highest with respect to physical stability. The filtered tailings and 

PAG/NAG3 on-land alternative scored the highest in physical stability but was the lowest or second 

lowest in the other four MAA accounts largely due to the high risk of failure of the long-term acid rock 

drainage collection and treatment system for the on-land waste rock dump.  

Candidate alternatives were also assessed for locating the NAG waste rock and overburden stockpile(s) 

(Appendix B). Two candidate alternatives were brought forward for characterization and assessment in 

a MAA (separate from the tailings assessment): 

 Candidate 1: Upper and Lower NAG Waste Rock and Overburden Storage; and 

 Candidate 2: West NAG Waste Rock and Overburden Storage. 

The results of the NAG waste rock and overburden MAA indicated that Candidate 1 (upper and lower) is 

the most appropriate candidate, with the highest rating. Although Candidate 1 has a slightly larger 

footprint when compared to Candidate 2, the dual stockpile design has the ability to split the waste into 

two streams and reduces overall waste haulage distances. In addition, the two stockpiles provide more 

flexibility for a phased approach/ramping up the mine throughput by providing more space for the low 

grade ore stockpile. This important aspect in terms of flexibility will support the project economics 

associated with a phased mining development. 

An alternative assessment of the low grade ore was also completed (Appendix C). The candidate 

locations of the low grade ore stockpile is based on the prior selection of a TSF location and the NAG 

waste rock and overburden stockpiles’ location, such that the preferred locations for either was not 

available for the storage of low grade ore. Following the pre-screening assessment, two low grade ore 

candidate alternatives were deemed acceptable for further characterization: 

 Candidate 1: North of the Open Pit; and 

 Candidate 2: Northwest of the Open Pit. 

Both candidate alternatives are located in the same general area (which would already be disturbed by 

the mine site) and utilize the same technology for their construction, operation, and closure therefore 

a full alternative characterization of the alternatives’ environmental, technical, and socio-economic 

considerations was not deemed to be necessary. Following a qualitative comparison of the two 

candidates, Candidate 1 was preferred over Candidate 2 for all characteristics considered (with the 

exception of impact to fish habitat). Candidate 1 (low grade ore stockpile immediately north of the open 

pit) is the preferred location for the Project because it has better technical considerations (gentler slopes 

and ease of water treatment), meets design criteria, and is less costly than Candidate 2. 

The preferred alternatives for waste disposal in fish frequented waters have considered environmental, 

technical and socio-economic perspectives (in accordance with ECCC Guidelines). The deposition of waste 

is limited to creeks and tributaries within the Davidson Creek watershed with a total fish instream habitat 

loss of 4.8 ha (TSF = 3.5 ha; NAG waste rock and overburden stockpiles = 0.2 ha; and low grade ore 

stockpiles = 1.1 ha). BW Gold is committed to implementing the design elements and practices described 

in this report and looks forward to defining them further during the permitting stage of the Project. 
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File: 30200-20/BGOL-10 

 
Reference: 286840 
 
SENT VIA EMAIL 
 
August 27, 2015 
 
Tim Bekhuys 
Director, Blackwater Project 
New Gold Inc. 
1800, 555 Burrard Street 
Vancouver BC  V7X 1M9 
tim.bekhuys@newgold.com 
 
Dear Mr. Bekhuys: 
 
I am writing you to follow up on the March 19, 2015 letter from Doug Caul, my 
predecessor as Executive Director and Associate Deputy Minister for the 
Environmental Assessment Office (EAO). That letter required New Gold Inc. 
(New Gold) to conduct an assessment of “alternative means of undertaking the 
proposed project with respect to options for tailings management that considers 
technology, siting and water balance.” This same requirement applies to all projects 
in environmental assessment (EA) that propose new tailings dams, regardless of 
their stage in the EA process. 
 
As you are aware, this tailings alternatives assessment (TAA) and its implications for 
the approach to tailings management ultimately selected for the proposed 
Blackwater Gold Project (Blackwater) will be one of the key factors considered in the 
EA. EAO is obliged to ensure that the EA has been informed by the findings and 
recommendations of the Independent Expert Engineering Investigation and Review 
Panel (Panel) on the Mount Polley Tailings Storage Facility Breach. 
 
I understand that, over the past several weeks, EAO and New Gold have discussed 
New Gold’s anticipated timing for submitting the TAA and the implications of the 
timing of the TAA for the Application Review phase. I am advised that New Gold’s 
target date for submitting the TAA is September 30, 2015, and this date may change 
depending on the input received from the Working Group in development of the TAA. 
Further, I am advised that the submission of the TAA could occur sometime after the 
Application is submitted for formal review. 
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EAO is committed to ensuring a timely and predictable EA process. To that end, the 
purpose of this letter is to advise you of potential issues that could affect the EA 
timelines or conclusions.   Specifically, I wish to ensure that New Gold is fully aware 
of the options and implications related to the timing of the TAA information, so that 
this can be taken into consideration in its planning for submission of the Application. 
 
The 180 day Application Review phase is designed around the review of a complete 
and comprehensive Application submitted at the start of that time period. Our 
experience has been that the timelines and structure of the Application Review mean 
that it cannot easily accommodate the submission of substantive new information 
later in the review phase and still maintain a 180 day timeframe. 
 
As EAO has discussed with New Gold, in the interests of process efficiency, the 
Working Group - including Aboriginal Groups - will not be asked to review tailings 
management and related sections of the Application in the absence of the TAA and 
New Gold taking into consideration the implications of the TAA for selecting its 
tailings management approach for Blackwater. Instead, the Working Group will focus 
on reviewing other aspects of the Application.  
 
Nonetheless, if the TAA , and therefore a complete and comprehensive Application, 
is not available when the Working Group reviews the Application at the start of 
Application Review, it raises the  possibility that a timeline extension or suspension 
may be required to allow adequate time to assess the information and consider its 
implications for the EA. The length of any extension or suspension would depend on 
factors such as: how far into Application Review the information was submitted, the 
quality of the information submitted, the implications of the information for work that 
had already been undertaken in the EA, and other demands on Working Group 
members at the time the information is submitted. 
 
EAO is also considering the implications for the public review of the Application. If the 
TAA information is not available for the start of the public comment period, EAO may 
extend the public comment period or order a second public comment period on the 
TAA. The public comment period is held at the beginning of the Application Review 
period to ensure that EAO is able to fully consider the comments from the public in its 
assessment of the Application. 
 
As you are aware, the timing for starting Application Review will depend on when 
New Gold distributes copies of the Application. Prior to doing so, I wanted to make 
sure you were aware that New Gold has the option of delaying the submission of its 
Application and initiation of Application Review until it has completed the TAA and 
has considered the TAA’s implications for the Application. 
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As a part of her planning for the Application Review Stage, the Project Lead for the 
EA, Shelley Murphy, will be setting out the timelines by which the TAA and any other 
information would need to be submitted to EAO in order to efficiently integrate it into 
the EA. I have asked Ms. Murphy to keep me informed on this matter, so that I can 
ensure adequate time to allow for a robust Application review and assessment. 
 
Please be assured that EAO’s project team for the EA of Blackwater will continue to 
work with you on the next steps for your TAA in order to support an effective review 
with the Working Group and to reduce the risk of delays, requests for further 
information or additional assessments being required during Application Review. 
 
Please feel free to contact me, or Shelley Murphy, Executive Project Director, if you 
have any questions. 
 
With very best regards, 
 
 
 
 
Kevin Jardine 
Associate Deputy Minister 
 
cc:  Shelley Murphy, Executive Project Director, Environmental Assessment Office 



 

 

Environment and Climate Change Canada 
Mining and Processing Division 
351 St. Joseph Blvd. 
Gatineau, QC, K1A 0H3 
 
 
 
February 11, 2020 
 
 
Ryan Todd, Director, Blackwater Project 
New Gold Inc. 
Sunlife Plaza 
Suite 610 – 1100 Melville Street,  
Vancouver, BC, V6E 4A6 
 
 
Subject: Blackwater Project - Metal and Diamond Mining Effluent Regulations 

(MDMER) and process of amending Schedule 2 of the MDMER 
 
Mr. Todd, 
 
Following some 2019 correspondence1 and a teleconference2, Environment and 
Climate Change Canada (ECCC) is sending you this letter to provide New Gold Inc. 
(NG) with information regarding the Metal and Diamond Mining Effluent Regulations 
(MDMER) and to inform NG of the next steps to continue the process of adding 
waterbodies to Schedule 2 of the MDMER.  
 
 
Metal and Diamond Mining Effluent Regulations (MDMER) 
 
ECCC is responsible for the pollution prevention provisions of the Fisheries Act and its 
associated regulations, including the MDMER. The Fisheries Act prohibits the deposit of 
a deleterious substance in water frequented by fish (subsection 36(3)) unless 
authorized by Regulations (subsection 36(5)).  
 
 

                                                
1 Emails to Ryan Todd (NG) from Claude Asselin (ECCC) dated February 5 and September 9,  
2019. 
 
2 Teleconference of September 10, 2019, with NG, ECCC and DFO representatives 
 



 

2 
 

A metal mine becomes subject to the MDMER when it: 
 

a) exceeds an effluent flow rate of 50 m3 per day, based on the effluent deposited 
from all the final discharge points of the mine; and 

 
b) deposits a deleterious substance in any water or place referred to in subsection 

36(3) of the Fisheries Act. 
 
The MDMER regulate the deposit of mine effluent and mine waste into waters 
frequented by fish and places referred to in subsection 36(3) of the Fisheries Act. Metal 
and diamond mines may be authorized to deposit deleterious substances under 
sections 4 and 5 of the MDMER. 

Section 4 of the MDMER authorizes the deposit of effluent into fish frequented water. All 
effluent must meet the concentration-based limits outlined in Schedule 4 for arsenic, 
copper, cyanide, lead, nickel, zinc, suspended solids and radium 226, as well as a 
minimum and maximum allowable pH, and not be acutely lethal, as per subsection 4(1). 

Section 5 of the MDMER authorizes the deposit of mine waste (such as waste rock and 
tailings) containing any concentration of deleterious substance into a tailings 
impoundment area (TIA) that is either: 

(a) a water or place set out in Schedule 2; or 

(b) a disposal area that is confined by anthropogenic or natural structures or by both, 
other than a disposal area that is, or is part of, a natural water body that is 
frequented by fish. 

Section 4 and 5 authorizations are conditional on the owner or operator of a mine 
complying with sections 6 to 27, and 7 to 28 of the MDMER, respectively. I encourage 
you to become familiar with the requirements of the MDMER. A copy of the MDMER is 
available at the following website: 
 
http://laws.justice.gc.ca/eng/regulations/SOR-2002-222/ 
 
Note that in case of discrepancy between this letter and the MDMER, the Regulations 
shall prevail.  
 
In addition, you are encouraged to become familiar with a number of amendments to 
the MDMER that will come into effect on June 1, 2021.  
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New Gold Inc. (NG) is responsible for complying with the applicable legislation. Any 
violation of the pollution prevention provisions of the Fisheries Act and its regulations, 
including the MDMER, would be subject to enforcement action in accordance with the 
Compliance and Enforcement Policy for Habitat and Pollution Provisions of Fisheries 
Act.  
 
 
Amendment to Schedule 2 of the MDMER 
 
In the previous correspondence outlined above, ECCC informed NG of the process to 
amend Schedule 2 of the MDMER. This additional information is to summarize our 
discussions to date and inform you of next steps related to identifying waterbodies to be 
added to Schedule 2 and the Assessment of Alternatives report. 
 
Waterbodies to be added to Schedule 2 of the MDMER 
 
NG is responsible to identify all waterbodies impacted by the mine waste disposal (such 
as the tailings storage facility, waste rock disposal area and low-grade ore stockpile), 
confirm the presence or absence of fish in these waterbodies, provide the methodology 
used to document the presence or absence of fish, and provide information related to 
the connectivity of these waterbodies to other waterbodies frequented by fish. Please 
note that ECCC will make a determination as to whether a waterbody is consider a 
water frequented by fish based on the information provided by the Proponent, and 
working with Fisheries and Oceans Canada (DFO). 
 
Assessment of Alternatives (AA) Reports  
 
As mentioned in our correspondence and during our teleconference, it is important that 
NG develop an Assessment of Alternatives (AA) for each mine waste disposal area. 
The AA is used to carry out consultations associated with proposals to amend Schedule 
2 of the MDMER.  
 
ECCC is in receipt of two AA reports: 1) "Assessment of Alternatives for the Blackwater 
Gold Project – Tailings Storage Facility" prepared by ERM and dated October 2015 
(474 pages) and 2) "Evaluation of Alternative Tailings Technologies for the Blackwater 
Project" prepared by ERM and dated December 2015 (642 pages). The October 2015 
report contains AA for the Tailings Storage Facility, Waste Rock Disposal Area and Low 
Grade Ore Stockpile. The December 2015 AA contains Alternative Tailings 
Technologies including PAG and NAG Waste Rock, but does not contain AA for the 
Low Grade Ore Stockpile. Moreover, the alternatives considered for the Tailings 



 

4 
 

Storage Facility are different comparing the October 2015 and December 2015 AA 
reports. In order to avoid confusion during consultations for a Schedule 2 amendment, it 
is recommended to combine appropriate parts from both reports into one stand-alone 
AA report. 
 
We look forward to working with New Gold Inc. on the Blackwater Gold Project; and if 
you need more information, do not hesitate to contact me at (819) 938 – 4239 or via 
email at claude.asselin@canada.ca. 
 
 
 
Cordially, 
 

 
 
Claude Asselin, Senior Program Engineer 
 
Mining and Processing Division 
Environment and Climate Change Canada 
 
CC: Patrick Koch, Head, Technical Analysis Unit (ECCC) 
 Nancy Seymour, Manager, Mining Section (ECCC) 
 Augusto Gamero, Head, Regulatory Development Unit (ECCC) 
 Angelique Petropoulos, Regulatory Development Analyst (ECCC) 
 Corrinne Gibson, Fisheries Protection Biologist (DFO) 
 Ian Bergsma, Fisheries Protection Biologist (DFO) 
 Kathryn Marshall, Environmental Assessment Officer (ECCC) 
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Appendix A-3: 
Table of Concordance with ECCC Guidelines 

The left-hand column of the following table is populated with text taken from the Guidelines for the 

Assessment of Alternatives for Mine Waste Disposal (ECCC 2016; Chapter 2: Requirements of 

Alternatives Assessment, Sections 2.2 to 2.8). The original Guidelines included examples in bulleted lists 

and tables to illustrate the described requirements, details associated with specific types of mining 

components that are not relevant to the alternatives considered in this report, and narrative discussion of 

general concepts in and approaches to multiple accounts analysis. For the sake of brevity and simplicity, 

these portions of the Guidelines have been omitted from this Table of Concordance. Instances of omitted 

text are indicated by ellipses. 

ECCC Guideline Requirements Report Section 

2.2 Step 1: Identify Candidate Alternatives 

The first step in the alternatives assessment process entails developing a list of all possible 

(i.e., reasonable, conceivable and realistic) candidate mine waste disposal alternatives for the 

site. This should include different mine waste disposal technologies, different disposal storage 

options, and different disposal locations. At this time it is imperative that no a priori judgements 

be made about any of the alternatives. 

5.0 

It may be appropriate to establish a basic set of threshold criteria to establish the regional 

boundaries for selecting candidate alternatives. These threshold criteria should be as broad as 

possible and must be fully described and rationalized to ensure transparency… 

5.0 

2.3 Step 2: Pre-screening Assessment 

The process of screening, called the pre-screening assessment in these guidelines, entails 

excluding those alternatives that are “non-compliant” in that they do not meet certain unique 

minimum specifications which have been developed for the project. This process is often 

referred to as a “fatal-flaw analysis” in the context of mine waste disposal alternatives 

assessments. A fatal flaw is defined as any site characteristic that is so unfavourable or severe 

that, if taken singly, it would eliminate that site as a candidate mine waste disposal alternative. 

In simple terms, these would be considered the “show-stoppers”. 

6.0 

There is not a “master list” that qualifies as pre-screening criteria. These criteria need to be 

uniquely developed for each project, and a thorough qualification and justification of the 

rationale must be provided. The selection of pre-screening criteria and its rationale needs to be 

carefully considered since the objective at this time is to provide a transparent process for 

potentially eliminating the majority of alternatives from detailed analysis and assessment. 

Therefore, it should be clear to external reviewers that the pre-screening criteria, when 

evaluated singly, are sufficiently important to eliminate an alternative from further consideration. 

The level of detail required to support that conclusion has to be evaluated on a case-by-case 

basis, and it may have to be extensive to be sufficiently supportive. 

6.1 

Pre-screening criteria should be formulated such that there is a simple “YES” or “NO” response 

to whether the alternative complies with the set 7.1criteria. Most importantly, it must be clear to 

the external reviewer that there would be no reasonable mitigation strategy that would convert 

a “YES” into a “NO”. […] Results of the pre-screening assessment are best presented in the 

form of a summary table that lists each alternative against the pre-screening criteria (and 

associated rationale) set for the project… 

6.2 (Table 6-1) 
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ECCC Guideline Requirements Report Section 

2.4 Step 3: Alternative Characterization 

[…] Site specific characterization criteria should be developed for each project. To facilitate 

smooth transition towards the next more rigorous steps of the evaluation process these criteria 

should be categorized into four broad categories, or “accounts” in the context of these 

guidelines, that consider the entire project life cycle. This means that both short and long term 

environmental, technical and socio-economic aspects associated with construction through 

operation, mine closure and ultimately post-closure maintenance and monitoring need to be 

considered. The “accounts” can be summarized as follows: 

7.1 

 Environmental characterization: This account focuses on characterizing the local and 

regional environment surrounding the proposed TIA. These include elements such as 

climate, geology, hydrology, hydrogeology, water quality and potential impacts on aquatic, 

terrestrial and bird life. 

7.2-3 

 Technical characterization: This focuses on characterization of the engineered elements of 

each alternative such as storage capacity, dam size and volume, diversion channel size and 

capacity, dumping techniques, haul distances, sedimentation and pollution control dam 

requirements, tailings discharge methods, pipeline grades and routes, closure design, 

discharge and/or water treatment infrastructure and supporting infrastructure such as 

access roads. 

7.2-2 

 Project economic characterization: The focus of this account is to characterize life of project 

economics. All aspects of the mine waste management plan need to be considered including 

investigation, design, construction (inclusive of borrow development and royalties where 

applicable), operation, closure, post closure care and maintenance, water management, 

associated infrastructure (including transport and deposition systems), compensation 

payments and land use or lease fees. 

7.2-5 

 Socio-economic characterization: This account focuses on how a proposed TIA may 

influence local and regional land users. Elements that are considered here include 

characterization and valuation of land use, cultural significance, presence of archaeological 

sites and employment and/or training opportunities… 

7.2-4 

The deliverable for this step should ideally be a series of summary tables that list the selected 

characterization criteria for each account for each of the alternatives under consideration. 

The table should include a concise summary of the rationale behind each criterion. This format 

allows an external reviewer to easily compare the factual characteristics across alternatives… 

Tables 7.2-3, 

7.2-4, 7.2-5, 

and 7.2-6 

2.5 Step 4: Multiple Accounts Ledger 

[…] In order to evaluate alternatives using the MAA decision making tool, it is necessary to 

develop a multiple accounts ledger. This ledger seeks to identify those elements that 

differentiate alternatives, and provides the basis for scoring and weighting as described in 

Step 5, which is necessary to complete the evaluation. The multiple accounts ledger consists of 

the following two elements: (1) sub-accounts, known as evaluation criteria, and (2) indicators, 

known as measurement criteria. 

8.0 
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2.5.1 Sub-accounts 

Sub-accounts (evaluation criteria) are developed using the characterization criteria selected 

during Step 3. The fundamental difference between these sets of criteria is that characterization 

criteria are factual and have been developed with no a priori judgements being made regarding 

any of the alternatives being considered, while evaluation criteria consider only the material 

impact (i.e., benefit or loss) associated with any of the alternatives being evaluated… 

The choice of sub-accounts must be carefully considered so that only those sub-accounts that 

truly differentiate mine waste disposal alternatives are presented for evaluation. To facilitate 

this, sub-accounts should comply with the following guidelines: 

 Impact driven: The evaluation criteria must, as far as practicable, be linked to an impact as 

opposed to merely being a factual element. For example, the size of an impacted lake in 

itself is not a relevant sub-account, but if the size of the lake is linked to its value or potential 

habitat loss, then the sub-account is appropriate. 

 Differentiating: The sub-account must define an aspect which distinctly differentiates one 

alternative from another, and that difference is expected to have a material effect on the final 

selection of an alternative. For example, land ownership may be an important evaluation 

criterion, if different alternatives fall on ground with different ownership. Conversely, if all the 

mine waste disposal alternatives under consideration were on land belonging to a single 

owner, then there really is no need to consider this sub-account in the analysis. 

 Value relevance: A sub-account must be relevant in the context of the alternatives being 

evaluated. For example, the size of dams in itself is not a relevant sub-account unless it is 

linked to a relevant context such as increased long-term risk of failure or increased 

maintenance and inspection requirements. 

 Understandability: Sub-accounts must be unambiguously defined, such that two external 

reviewers cannot interpret the outcome differently. For example, distance between the TIA 

and the mill complex may be a sub-account with the understanding that greater distances 

pose greater technical and environmental risk. However, someone may assume that 

because there is a significant dust hazard associated with a proposed alternative, a greater 

distance could be advantageous due to reduced worker health and safety risks. 

 Non-redundancy: There should not be more than one sub-account that measures the same 

evaluation criteria. If individual sub-accounts measure similar criteria, consideration should 

be given to combining those criteria. 

 Judgemental independence: Sub-accounts should be judgementally independent, which 

means that preferences with respect to a single criteria, or trade-offs between criteria, 

cannot depend on the value of another. For example, assume “traditional land use” is one 

sub-account and another is “landowner perception”. It may be concluded that for one 

alternative “hunting” will be impacted which would result in a negative impact on “traditional 

land use”. However, if “landowner perception” is influenced by a decrease in hunting then 

judgemental independence does not exist… 

The deliverable at this stage in the process will be a summary table which lists the sub-

accounts complete with the rationale behind each. Appropriate supporting documentation will 

likely have to be clearly referenced…  

8.1 

(Appendix F) 
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2.5.2 Indicators 

To allow qualitative or quantitative measurement of the impact (i.e., benefit or loss) associated 

with each alternative for any given sub-account, the sub-account needs to be measurable. 

Sub-accounts by nature are often not directly measurable, and need to be sufficiently 

decomposed to allow measurability. This decomposition takes the form of sub-sub-accounts, 

which in the language of MAA are called indicators, or measurement criteria. […] 

These indicators may be different for the different life-cycle stages of the project 

(i.e., construction, operation and closure) and, where appropriate, may be divided into separate 

time periods. 

When selecting indicators thought should be given to the parameter that will be used to define 

measurability. This measurability is required in order to continue to Step 5, which is the 

value-based decision process. Assigning measurability is relatively simple for sub-accounts 

that readily lend themselves to parametric terms such as “water quality” or “capital costs”. 

The challenge comes when measurability needs to be assigned to sub-accounts that do not 

readily lend themselves to parametric terms such as “traditional land use” which must be 

supplemented by indicators such as “effects on hunting”. 

This problem can be overcome by constructing qualitative value scales. […] In order to develop 

a qualitative value scale it is necessary to define at least two points on the scale (usually the 

end points). The points on the scale are defined descriptively and draw on multiple concepts in 

the definition of the indicator. […] Qualitative value scales should be developed to have the 

following characteristics: 

 Operational: The decision maker should be able to rate alternatives that were not specifically 

used to define the scale, i.e., should another TIA be added for evaluation at a later time, 

the scale developed previously should still be relevant. 

 Reliable: Different external reviewers should be able to rate an alternative according to 

the value scale and assign the same score. 

 Value relevant: The value scale must be directly relevant to the indicator being scored. 

 Justifiable: Any external reviewer should reach the conclusion that the value scale is 

reasonable and representative. 

The deliverable for this part of the process will be the expansion of the sub-accounts summary 

table to include indicators. As previously stated, this collective information is also known as 

the multiple accounts ledger…  

8.2 

2.6 Step 5: Value-based Decision Process 

At the conclusion of Step 4, the multiple accounts evaluation is complete and the value-based 

decision process begins. This process entails taking the list of accounts, sub-accounts and 

indicators and assessing the combined impacts for each of the alternatives under review. 

This entails scoring and weighting of all indicators, sub-accounts and accounts and 

quantitatively determining merit ratings for each alternative. These three processes are 

described in the following sections. 

9.0 

2.6.1 Scoring 

[…] Scoring is done by developing qualitative value scales for every indicator, including those 

which appear to be readily measurable. […] By following this procedure, it is abundantly 

obvious to the external reviewer why a particular indicator score has been assigned to an 

alternative, and since the qualitative value scale has been developed collaboratively, with input 

from stakeholders, there is built in confidence that the scoring is appropriate… 

9.1 
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2.6.2 Weighting 

At this time the analyst, with input from stakeholders, needs to have the ability to introduce their 

value bias between individual indicators. This is done by applying a weighting factor to each 

indicator. […] It is important to bracket the weighting factor, and in the context of these 

guidelines, it is recommended that the weighting factors range from 1 through 6. This means 

that any one indicator can be considered to be up to 6 times more significant than another. […] 

Considering the inherent subjectivity of weighting, there is a natural tendency to want to 

standardize or prescribe weighting factors. This would result in a fixed value bias, which 

reflects the value bias of the imposing guidelines with no consideration of site specific 

conditions, rather than allowing the analyst with input from stakeholders, to set value bias 

relevant to their project. Notwithstanding this, within the framework of these guidelines, it is 

proposed that the Base Case of the alternatives assessment use the following weightings for 

accounts: 

 Environment    6 

 Technical    3 

 Project Economics    1.5 

 Socio-economic    3 

The analyst is still encouraged to assign other weightings to accounts and demonstrate their 

effect on the assessment outcome, as described in Step 6… 

9.2 

2.6.3 Quantitative Analysis 

The quantitative analysis is relatively simple, and given the potentially large amount of 

accounts, sub-accounts, and indicators this analysis is well suited to using a spreadsheet type 

approach. For each indicator, the indicator value (S) of each alternative is listed in one column. 

The weighting factor (W) is listed in another column and the combined indicator merit score 

(S × W) is calculated as the product of these values. […] At this time it is possible to compare 

alternative merit ratings for all mine waste disposal alternatives evaluated and the preferred 

option will be the one which has the highest merit rating. 

The deliverable at this point in the process will be summary tables […]. It is, however, very 

important that justification is provided for all the weightings used along every step of the 

process. An external reviewer should be able to review the weightings, and conclude that they 

are reasonable, even though he may not agree with them. 

9.5 

(Appendix G) 

2.7 Step 6: Sensitivity Analysis 

[…] The way to test the sensitivity of the value based decision making process is to assign 

different weightings to those indicators, sub-accounts and accounts according to a range of 

value systems representative of the perceived disparity. 

The level and type of sensitivity analysis that should be carried out is not set, and should not 

be prescriptive. It is entirely project specific and to a large extent will be based on feedback 

received from stakeholders throughout the alternatives assessment process. […] The merit 

rating of each alternative is compared to the base case analysis to determine if the results of 

the sensitivity analysis are likely to lead to a different decision about which alternative may be 

the preferred option. […] The deliverable for this step would be a well-documented summary of 

the sensitivity analysis that was carried out. This may be presented in summary tables similar 

to those presented in Step 5 […]. 

10.0 
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2.8 Step 7: Document Results 

The final step in the alternatives assessment process entails thorough documentation of the 

results. This is best done through a comprehensive technical report, which systematically 

describes the outcome of each of the steps as recommended in these guidelines. The primary 

technical alternatives assessment report should be a concise summary of the findings of each 

step, using comparative summary tables and descriptive definitions which make the results 

immediately apparent to the external reviewer. Detailed supporting information related to 

elements such as cost estimate breakdowns, or geochemical assessment should be presented 

in appendices, or if stand-alone reports have been produced, these should be properly 

referenced and made available for review. 

12.0 

(this report) 
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ACRONYMS AND ABBREVIATIONS 

AP Acid Potential 

ARD Acid rock drainage 

BAP Best available practices 

BAT Best available technology 

BC British Columbia 

BC MEM British Columbia Ministry of Energy and Mines 

BC MOE British Columbia Ministry of Environment 

BW Gold BW Gold LTD. 

CEA Agency Canadian Environmental Assessment Agency 

CEAA 2012 Canadian Environmental Assessment Act, 2012 

COSEWIC Committee on the Status of Endangered Wildlife in Canada 

EA Environmental Assessment 

EAO Environmental Assessment Office 

ECCC Environment and Climate Change Canada 

ECCC Guidelines Guidelines for the Assessment of Alternatives for Mine Waste Disposal, 

published by Environment Canada (2016) 

ha Hectare or 10,000 m2 

HE-UWR High Elevation-Ungulate Winter Range 

km Kilometre 

M Million 

MAA  Multiple Accounts Analysis 

m Metre 

masl Metres above sea level 

MDMER Metal and Diamond Mining Effluent Regulations 

ML Metals leaching 

Mm3  Million cubic metres 

NAG Non-acid generating 

New Gold New Gold Inc. 
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ACRONYMS AND ABBREVIATIONS 

NP Neutralization potential 

NPR Neutralization potential ratio 

NPV Net present value 

PAG Potentially acid generating 

Project (the) The Blackwater Gold Project 

ppm Parts per million 

SARA Species At Risk Act (2002b) 

TEM Terrestrial Ecosystem Mapping  

TSF Tailing Storage Facility 

t Tonne 

UWR Ungulate Winter Range  

VC Valued Component 
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INTRODUCTION 

1. INTRODUCTION 

1.1 Report Purpose 

This report is an appendix to the Tailings Storage Facility (TSF) alternatives assessment for the 

Blackwater Gold Project (the Project), which identified TSF Candidate 1 as the preferred alternative 

(Figure 1.1-1). This report assesses alternatives for locating the non-acid generating (NAG) waste rock 

and overburden stockpile(s), which is anticipated to overprint fish-bearing waters. 

An alternative assessment of the NAG waste rock and overburden disposal was previously completed as 

an Appendix of the ‘Assessment of Alternatives for the Blackwater Gold Project Tailings Storage Facility’ 

(ERM 2015). This report was submitted with the Project’s Application for an Environmental Assessment 

Certificate/ Environmental Impact Statement (Application/EIS; New Gold 2015). Since the issuance of the 

Environmental Assessment (EA) Decision Statement and EA Certificate #M19-01 in 2019, a pre-feasibility 

study (PFS) was released in 2020 that resulted in minor changes to the mine plan including the location 

of the NAG waste rock and overburden stockpiles (Artemis 2020).  

1.2 Structure of this Report 

The report has been prepared in accordance with Environment and Climate Change Canada (ECCC) 

Guidelines for the Assessment of Alternatives for Mine Waste Disposal (hereafter referred to as the 

ECCC Guidelines; ECCC 2016). Information required in the Guidelines are provided in the Assessment 

of Alternatives for the Blackwater Gold Project for Mine Waste Disposal (hereafter referred to as the 

Main Report): 

 Project Proponent (Section 1.3 of the Main Report); 

 Project Location and Description (Section 2 of the Main Report); 

 Regulatory Context and Description of ECCC Guidelines for the Assessment of Alternatives 

(Sections 3.1 and 3.2 of the Main Report); 

 Engagement (Section 3.3 of the Main Report); and 

 Project Setting (Section 4 of the Main Report). 

1.3 Non-Acid Generating Waste Rock and Overburden Disposal 

The classification of mine wastes to be produced by the Project is presented in Section 2.2 of the Main 

Report. Waste handling and management will depend on waste rock classifications to achieve chemical 

stability. Non-acid generating waste rock that is not predicted to be metal leaching (ML) and classified as 

NAG4 and NAG5 will either be used as construction material and unsuitable excess material will be 

disposed of in an on-land NAG waste rock stockpile.  

Overburden from the development of the open pit, plant, TSF, and access road area is classified as NAG 

(see Section 2.2 of the Main Report). With the exception of material near the bedrock interface, 

overburden will be used for construction or stockpiled for reclamation purposes. Overburden near the 

interface will be managed in accordance with the ML/ARD Management Plan. NAG waste rock not used 

in the construction of the TSF will be stockpiled with overburden and available for use during closure.  

The primary design objectives for the NAG waste rock and overburden stockpile(s) is to: ensure 

protection of regional groundwater and surface water flows and quality; achieve effective reclamation of 

the stockpile footprint(s) at mine closure; and minimize impacts to Indigenous interests and fish and fish 

habitat. The NAG waste rock and overburden stockpile(s) will be designed to be meet the Interim 
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Guidelines of the BC Mine Waste Rock Pile Research Committee (Section 10.1.15 of the Code) and 

would take into account the following requirements:  

 Control, collection, and removal of contact water from the waste rock, TSF and stockpiles during 

operations, for recycling as process water to the maximum practical extent; 

 Collection and diversion of non-contact water from upstream of the waste rock, TSF, stockpiles, open 

pit and plant site, and direction to the TSF during operations for use in mill operations; 

 Monitoring of the facilities to ensure performance goals are achieved and design criteria and 

assumptions are met; and 

 Staged development of the facilities over the mine life. 

In addition to the above, the disposal location of the NAG waste rock and overburden stockpile(s) for the 

Project is based on the prior selection of a TSF location, such that the preferred TSF location is not 

available for the storage of NAG waste rock and overburden. 
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2. STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Step 1 involves using threshold criteria, such as geographic, economic, or technical boundaries, to select 

an initial set of candidate alternatives for NAG waste rock and overburden disposal. The initial candidate 

alternatives are briefly described at a conceptual level to facilitate the next step, the pre-screening 

assessment, as per the ECCC Guidelines. 

The following threshold criteria were applied to determine potential locations for storing NAG waste rock 

and overburden: 

 Exclusion based on distance 

A screening distance of 10 km from the open pit was applied to identify initial disposal sites. This 

distance is based on the cost of hauling waste rock and overburden from development of the open 

pit. Any potential candidate that did not partially occur within a 10 km radius was not considered in 

this analysis. 

Waste handling optimization was also considered in identifying initial candidates as described below:  

 Backfilling NAG Waste Rock and Overburden into the Open Pit at Closure  

NAG waste rock and overburden could be temporarily stored during operations and re-handled and 

backfilled into the open pit during closure. This approach would have the same operational 

environmental effects as an engineered waste rock facility and have higher costs due to material 

haulage, likely in excess of $200 million (M). This option is infeasible as it is neither practical nor 

economically viable. 

 Stockpile NAG Waste Rock and Overburden in a Waste Rock and Overburden Stockpile 

An estimated 140 million tonnes (Mt) of earth and rock fill would be required for construction of the 

TSF dams and haul roads. The use of NAG4 and NAG5 waste rock and overburden material for 

construction purposes is identified as a feasible disposal alternative for NAG material (see Main 

Report); however, the remaining 60 Mt of NAG waste rock and overburden not used in construction 

would require stockpiling and alternative locations are assessed below. Properly positioned stockpiles 

that can drain by gravity to the TSF are considered consistent with Metal and Diamond Mining 

Effluent Regulations (MDMER) runoff and seepage collection, and monitoring requirements.  

Based on the 10 km distance threshold criteria, six candidate alternatives for the NAG waste rock and 

overburden disposal are identified (Figure 2.1-1).The preferred option to optimize waste handling is to 

stockpile NAG waste rock and overburden that is not used for construction. Details regarding the general 

construction, operations, and closure considerations for each are presented in Table 2.1-1. 

  



  
 

www.erm.com Version: C.1 Project No.: 0575928 Client: BW Gold LTD. February 2021          Page 2-3 

BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Table 2.1-1: Construction, Operation, and Closure Considerations for Non Acid Generating Waste Rock and Overburden Disposal Candidates  

NAG Waste Rock and 

Overburden Stockpile 

Candidate 

Construction Approach Operational Approach Closure Approach 

1: Upper and Lower 

(Artemis 2020) 

Two stockpiles would be constructed on land, one to the immediate east (upper 

stockpile) of the open pit and one to the north (lower stockpile) of the open pit 

(Figure 2.1-2). The upper stockpile would occur in the reaches of Creek 704454 

drainages (tributaries of Davidson Creek). Waste rock would be hauled by truck 

and primarily placed on contour with the open pit. Stockpiles would be raised in a 

series of lifts, with terraced areas occurring between the lifts. 

Waste would be segregated into two streams. The overburden not used for construction 

would be stored in the upper stockpile. The lower stockpile would store NAG4 and NAG5 

waste rock and overburden. Overburden would be distributed between the two stockpiles 

based on ratio of rock to overburden; a minimum of 10% of the waste rock would be placed 

with the overburden to provide plating and maintain the integrity of the stockpiles. Facility 

seepage and drainage would report to the TSF.  

Stockpiles would be designed to promote progressive 

reclamation. Re-sloping requirements would be minimized 

due to construction in a series of lifts. Some areas of the 

upper stockpile would be primarily overburden, which 

would be reused to reclaim the TSF and other stockpiles 

at closure. 

2: West The stockpile would be located on land to the immediate west of and adjacent to 

the open pit (Figure 2.1-3). The stockpile would be entirely within the Davidson 

Creek drainage. Waste rock would be hauled by truck and placed off-contour from 

the open pit. The stockpile would be raised in a series of lifts, with little to no 

terracing between lifts. The stockpile would have relatively steep sides with an 

elevated top surface. 

Waste would be placed in a single stream, with little to no separation of NAG4 and NAG5 

waste rock and overburden. Mined overburden would be placed in a single stockpile based 

on ratio of rock to overburden; a minimum of 10% of waste rock would be placed with the 

overburden to provide plating and maintain integrity of the stockpile. Waste would be hauled 

upslope during later mine years at higher cost and would produce higher greenhouse gas 

(GHG emissions). Facility seepage and drainage would report to the TSF during operations. 

Stockpile would be designed to promote progressive 

reclamation. Progressive reclamation could begin later 

in operations (compared to the candidates with 

two stockpiles). Most of the closure activities would occur 

during the Project’s closure phase.  

3: East The stockpile would be located on land to the immediate east of and adjacent to 

the open pit (Figure 2.1-4). The stockpile would be entirely within the Creek 661 

drainage. Waste rock would be hauled by truck and placed off-contour from the 

open pit. The stockpile would be raised in a series of lifts, with little to no terracing 

between lifts. The stockpile would have relatively steep sides with an elevated top 

surface. 

Waste would be placed in a single stream, with little to no separation of NAG4 and NAG5 

waste rock and overburden. Mined overburden would be placed in a single stockpile based 

on ratio of rock to overburden; a minimum of 10% of waste rock would be placed with the 

overburden to provide plating and maintain integrity of the stockpile. Facility seepage and 

drainage would report to the TSF although collection could be challenging as the footprint 

would extend further into Creek 661 drainage system. 

Stockpile would be designed to promote progressive 

reclamation. Progressive reclamation could begin later in 

operations (compared to the candidates with two 

stockpiles). Most of the closure activities would occur 

during the closure phase.  

4: West and East 

(AMEC 2014) 

Two stockpiles would be constructed to the immediate east and west of the open 

pit (Figure 2.1.5). The stockpiles would be in the Davidson Creek and Creek 661 

drainages. Waste rock would be hauled by truck and primarily be placed on 

contour with the open pit. The stockpiles would be raised in a series of lifts, with 

terraced areas occurring between the lifts. 

Waste would be segregated into two streams. The NAG4 and overburden material would be 

disposed in the West dump to facilitate the capture of runoff. The NAG5 and overburden 

material, not used for TSF construction would be stored in the East dump. Mined overburden 

would be distributed between the two waste facilities based on ratio of rock to overburden; a 

minimum of 10% of waste rock would be placed with the overburden to provide plating and 

maintain integrity of the stockpiles. Seepage and drainage would report to the TSF although 

collection in the east stockpile could be challenging as the footprint would extend further into 

Creek 661 drainage system. 

Stockpiles would be designed to promote progressive 

reclamation. Re-sloping requirements would be minimized 

due to construction in a series of lifts. Some of West dump 

lifts can be progressively reclaimed during operations. 

Some areas of East dump would be primarily overburden 

that can be reused to reclaim the TSF and other facilities 

at closure. 

5: North The stockpile would be located to the immediate north of and adjacent to the TSF 

(Figure 2.1-6). The stockpile would be within the Davidson Creek drainage. Waste 

rock would be hauled by truck, an average of 5.5 km from the open pit. The 

stockpile would be raised in a series of lifts, with little to no terracing between lifts. 

The stockpile would have relatively steep sides with an elevated top surface. 

Waste would be placed in a single stream, with little to no separation of NAG4 and NAG5 

waste rock and overburden. Mined overburden would be placed in a single stockpile based 

on ratio of rock to overburden; a minimum of 10% of waste rock would be placed with the 

overburden to provide plating and maintain integrity of the stockpile. Seepage and drainage 

would report to the TSF. 

Stockpile would be designed to promote progressive 

reclamation. Progressive reclamation could begin later 

in operations (compared to the candidates with 

two stockpiles). Most of the closure activities would occur 

during the Project’s closure phase. 

6: South The stockpile would be located to the immediate south of and adjacent to the open 

pit (Figure 2.1-7). The stockpile would be within the Davidson Creek, Creek 661, 

and Blackwater River drainages. Waste rock would be hauled by truck and placed 

off-contour from the open pit. The stockpile would be raised in a series of lifts, with 

little to no terracing between lifts. The stockpile would have relatively steep sides 

with an elevated top surface. 

Waste would be placed in a single stream, with little to no separation of NAG4 and NAG5 

waste rock and overburden. Mined overburden would be placed in a single stockpile based 

on ratio of rock to overburden; a minimum of 10% of waste rock would be placed with the 

overburden to provide plating and maintain integrity of the stockpile. Facility seepage and 

drainage would ultimately report to the TSF. The stockpile would span three watersheds and 

drainage pumping would be required. 

Stockpile would be designed to promote progressive 

reclamation. Progressive reclamation could begin later 

in operations (compared to the candidates with 

two stockpiles). Most of the closure activities would occur 

during the Project’s closure phase. 
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Figure 2.1-4: Detailed View of Candidate 3 - East Non-Acid Generating Waste Rock and Overburden Stockpile 
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Figure 2.1-6: Detailed View of Candidate 5 - North Non-Acid Generating Waste Rock Storage and Overburden Stockpile 
GIS # BLW-15-307
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Date: February 04, 2021
Projection: NAD 1983 UTM Zone 10N

±

Diversion Pipeline
ECD Pipeline
Tailings Pipeline
Water Reclaim Pipeline
Trail

! ! Fresh Water Supply System
Spillway
Transmission Line
PAG Waste Rock
Mine Access Road
Mine Site Road
Haul Road
Fresh Water
Mine Water
Diversion
Mine Infrastructure
Open Pit
Tailings Beach
Dam
Candidate 5
Mine Site
High Elevation Ungulate 
Winter Range
Watershed Boundary

0 1 2

Kilometres

Project No.: 0575928-0001 Client: BW GOLD INCwww.erm.com



!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!
!

! ! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

Snake
Lake

Davidson Cree
k

Creek 688328

Lake
01538UEUT

Lake
01682LNRS

Lake
01428UEUT Site C

West Dam

Site C
Main Dam

Site D
Main Dam

Camp

Open Pit

Tailings Storage
Facility

Freshwater Reservoir

Environmental
Control Dam

Plant
Site

370000

370000

375000

375000

380000

380000

58
95

00
0

58
95

00
0

59
00

00
0

59
00

00
0

Figure 2.1-7: Detailed View of Candidate 6 - South Non-Acid Generating Waste Rock and Overburden Stockpile
GIS # BLW-15-308
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Date: February 04, 2021
Projection: NAD 1983 UTM Zone 10N

±

Diversion Pipeline
ECD Pipeline
Tailings Pipeline
Water Reclaim Pipeline
Trail

! ! Fresh Water Supply System
Spillway
Transmission Line
PAG Waste Rock
Mine Access Road
Mine Site Road
Haul Road
Fresh Water
Mine Water
Diversion
Mine Infrastructure
Open Pit
Tailings Beach
Dam
Candidate 6
Mine Site
High Elevation Ungulate 
Winter Range
Watershed Boundary

0 1 2

Kilometres

Project No.: 0575928-0001 Client: BW GOLD INCwww.erm.com



  
 

www.erm.com Version: C.1 Project No.: 0575928 Client: BW Gold LTD. February 2021          Page 3-1 

BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

STEP 2: PRE-SCREENING ASSESSMENT 

3. STEP 2: PRE-SCREENING ASSESSMENT 

Step 2 of the alternatives assessment screens the candidate alternatives to create a set of appropriate 

and manageable, sufficiently detailed alternatives. The objective of this step is to optimize the decision 

making process by not evaluating alternatives that have critical flaws. Critical flaws are defined as 

un-mitigatable and unavoidable issues that are so unfavourable as to eliminate an alternative as a viable 

option. This step removes from further consideration the alternatives that are non-compliant with certain 

minimum specifications developed for the Project. 

3.1 Screening Criteria 

Candidates which provide a YES response to at least one of the following pre-screening criteria have 

deficiencies which warrant removal from further analysis: 

1. Will the NAG waste rock and overburden stockpile preclude future mining exploration or extraction of 

a potential deposit? 

2. Is any part of the NAG waste rock and overburden stockpile management system using unproven 

technology? 

3. Does the NAG waste rock and overburden stockpile have insufficient capacity to store the proposed 

upper limit of NAG waste? 

4. Will the NAG waste rock and overburden stockpile result in negative life of project economics? 

5. Will the NAG waste rock and overburden stockpile be located partially within the Blackwater watershed? 

6. Will the NAG waste rock and overburden stockpile be located in Ungulate Winter Range (UWR)? 

7. Will the NAG waste rock and overburden stockpile be located outside of the Davidson Creek watershed? 

Table 3.1-1 provides a summary of the application of these criteria to each candidate option. Rationale for 

selection of the criteria and which candidates meet the criteria are provided below. 

3.1.1 Will the NAG Waste Rock and Overburden Stockpile Preclude Future 
Mining Exploration or Extraction of a Potential Deposit? 

If a NAG waste rock and overburden stockpile were to preclude future exploration or mining of a potential 

resource, that candidate should be excluded from further assessment. Based upon exploration and 

condemnation drilling conducted to date, none of the stockpile options are above known economic 

mineral resources, and no options are excluded based on this screening criterion. 

3.1.2 Is Any Part of the NAG Waste Rock and Overburden Stockpile Unproven 
Technology? 

If any part of the NAG waste rock and overburden stockpile is based on unproven technology, this option 

may provide unmanageable engineering, economic and/or environmental risks. Various methods of NAG 

waste rock and overburden disposal are used worldwide. Efforts to decrease environmental effects and 

economic costs have encouraged development of new disposal methods. However, these new methods 

may be unproven, or provide low confidence/high uncertainty for long-term durability if they have only 

been in operations recently, or have not been employed at full-scale. All NAG waste rock and overburden 

stockpile candidates utilize well-established technologies, and no candidates were excluded from further 

consideration based on this criterion. 
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3.1.3 Does the NAG Waste Rock and Overburden Stockpile Have Insufficient 
Capacity to Store the Proposed Upper Limit of NAG Waste Rock? 

If any NAG waste rock and overburden stockpile has insufficient capacity to store life-of-mine NAG 

material (total 60 Mt), then this candidate may provide unmanageable engineering, economic and/or 

environmental risks. All candidates have sufficient capacities to store life-of-mine NAG material, and no 

candidates are excluded from further consideration based on this criterion. 

3.1.4 Will the NAG Waste Rock and Overburden Stockpile Result in Negative 
Life of Project Economics? 

Due to high haulage costs, (estimated at $0.19/tonne per km), the NAG waste rock and overburden 

stockpile(s) must be located as close as possible to the open pit to be economically viable. Locations 

greater than 5 km from the pit are considered to be uneconomic as a result of haulage costs. Candidate 4 

(Northern) stockpile option is located 5.5 km from the open pit, therefore the candidate is considered to 

be uneconomic, and is excluded from further consideration. 

3.1.5 Will the NAG Waste Rock and Overburden Stockpile Be Located 
Partially within the Blackwater Watershed? 

The Blackwater River is listed as a Heritage River under the BC Heritage Rivers System by the 

BC Ministry of Environment. The BC Heritage Rivers System showcases outstanding examples of 

a representative range of BC’s most important waterways. Heritage status gives these rivers a greater 

public profile and focus. Heritage Rivers represent the diversity of river landscapes in terms of their 

natural characteristics, their historical and cultural importance to the human story of the province, and 

the spectrum of recreational opportunities they support (BC MOE 2010).  

A Heritage River proclamation does not carry legal or regulatory power. Rather, the designation serves 

each river by (BC MOE 2010):  

 providing a greater emphasis on river-related values during land-use planning processes; 

 raising awareness of the importance of healthy river systems; 

 helping to protect the special values of the river; and  

 helping to build stronger public support for, and involvement in, stewardship of the river. 

BW Gold LTD. (BW Gold) respects the intended purpose of a Heritage River designation and has chosen 

not to develop any mine infrastructure within the Blackwater River drainage (AMEC 2012). Thus, if any 

portion of a stockpile candidate lies within the Blackwater River drainage, then this option should be 

excluded from further consideration. 

Candidate 5 (Southern) stockpile candidate lies partially within this watershed (see Figure 2.1-6) and 

is therefore not considered further in this assessment. Other candidates are located outside of this 

catchment area. 

3.1.6 Will the NAG Waste Rock and Overburden Stockpile Be Located in 
Ungulate Winter Range? 

Ungulate Winter Range (UWR) is defined as an area that contains habitat that is necessary to meet 

the winter habitat requirements of an ungulate species. Sections 9 and 12 of the Government Actions 

Regulation (BC Reg 582/2004) of the Forest and Range Practices Act (2002a) outline the regulatory 

authority for establishing UWR. Caribou UWRs have legally established objectives and practices with 

which most commercial and industrial operations must be consistent.  
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Table 3.1-1: Results of the Pre-screening Assessment 

Pre-screening Criteria Rationale Candidate 1: 

Lower and 

Upper 

Candidate 2: 

West 

Candidate 3: 

East 

Candidate 4: 

West and East 

Candidate 5: 

North 

Candidate 6: 

South 

Will the NAG waste rock and overburden stockpile preclude 

future mining exploration or extraction of a potential deposit? 

If a specific stockpile interferes with future exploration or mining of resources 

the alternative should be excluded from further consideration. 

NO NO NO NO NO NO 

Is any part of the NAG waste rock and overburden stockpile 

disposal system unproven technology? 

If a specific deposition method has no precedent of being successfully 

implemented, then it could justifiably be argued that the alternative should be 

excluded from further consideration. 

NO NO NO NO NO NO 

Will the NAG waste rock and overburden stockpile capacity 

be too small to store the proposed upper limit of NAG 

waste rock? 

If a specific stockpile does not have sufficient capacity to store the entire 

mine-life waste rock, then it could justifiably be argued on economic grounds 

that the alternative should be excluded from further consideration. 

NO NO NO NO NO NO 

Will the NAG waste Rock and overburden stockpile result in 

negative life of project economics? 

If a specific deposition method requires long haul distances, then it could 

justifiably be argued on economic grounds that the alternative should be 

excluded from further consideration. 

NO NO NO NO YES NO 

Will the NAG waste rock and overburden stockpile be located 

partially within the Blackwater watershed? 

If a stockpile would impact the watershed of the Blackwater River, a heritage 

river, the alternative should be excluded from further consideration. 

NO NO NO NO NO YES 

Will the NAG waste rock and overburden stockpile be located 

in UWR? 

If a stockpile overlaps with the Mt Davidson HE-UWR for Northern Caribou, 

the alternative should be excluded from further consideration. 

NO NO NO NO NO NO 

Will the NAG waste rock and overburden stockpile be located 

outside of the Davidson Creek watershed? 

If a stockpile is located outside of the Davidson Creek watershed, then the 

alternative should be excluded from further consideration. 

NO NO YES YES NO YES 

Should the alternative be assessed further? YES YES NO NO NO NO 

Note: HE-UWR = High Elevation-Ungulate Winter Range 
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The Project area is adjacent to UWR #U-7-012, which is winter habitat used by the Tweedsmuir-Entiako 

Northern Caribou herd (Ecofor 2013). These Northern Caribou are listed on Schedule 1 of the Canadian 

Species at Risk Act (SARA; 2002b) as Threatened.  

The legal direction for the Tweedsmuir-Entiako Northern Caribou herd comes from the document Order – 

Ungulate Winter Range #U-7-012 dated December 30, 2005 (the Order). Mineral exploration and 

development activities are exempt from requirements to manage Northern Caribou through Section 6 

of the Order: 

[T]he general wildlife measures outlined in Schedule 1 do not apply for the 

purposes of exploration, development and production activities when these 

activities have been authorized for the purpose of subsurface resource 

exploration, development or production by the Mineral Tenure Act, the Coal Act, 

the Mines Act, the Petroleum and Natural Gas Act, the Pipeline Act or the 

Geothermal Resources Act. 

In concordance with the Northern Caribou Management Plan (Ecofor 2013) any stockpile options that 

overlaps with Mt. Davidson High Elevation-Ungulate Winter Range (HE-UWR) would be excluded from 

further consideration. There are no NAG waste rock and overburden stockpile candidates that overlap 

this HE-UWR, thus no candidates are excluded from further consideration based on this criterion. 

3.1.7 Will the NAG Waste Rock and Overburden Stockpile Be Located outside 
of the Davidson Creek Watershed? 

To minimize the environmental risks, any runoff or seepage collected from the NAG waste rock and 

overburden stockpile(s) would be collected and pumped, or move by gravity to the TSF. Candidates that 

include water management best practices that minimize areas requiring collection and removal of contact 

water from the water balance are preferred. Therefore NAG waste rock and overburden stockpile 

candidates that are located within the same watershed and upslope of the TSF (i.e., contained within 

the Davidson Creek watershed) are preferred. Locating waste outside of the Creek 661 watershed was 

requested during the technical review of the Application/EIS (New Gold 2015) to eliminate the 

corresponding potential impacts to streamflow in Creek 661, and reduce the disturbance in the Creek 661 

watershed. Therefore candidates located outside of the Davidson Creek watershed are considered fatally 

flawed. Candidates 3 and 4 would be located within or partially within the Creek 661 drainage, and 

Candidate 6 would be located within three watersheds (including Creek 661 drainage). Therefore these 

candidates are excluded from further consideration based on this criterion.  

3.2 Pre-screening Results 

The results of the pre-screening assessments are summarized in Table 3.1-1. The pre-screening analysis 

rejected candidates 3 (East) and 4 (West and East) because they are not located entirely within the 

Davidson Creek watershed and do not meet water management best practices. Candidate 5 (North) was 

eliminated because it is uneconomic and Candidate 6 (South) was eliminated due as it does not meet the 

Blackwater watershed pre-screening criteria. The two remaining candidates deemed acceptable for 

further characterization and assessment are: 

 Candidate 1: Upper and Lower NAG Waste Rock and Overburden Storage; and 

 Candidate 2: West NAG Waste Rock and Overburden Storage; 
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4. STEP 3: ALTERNATIVES CHARACTERIZATION 

Step 3 involves further development of the remaining candidates to support a clear and concise 

comparison of the remaining candidates. A description of each candidate is provided below. 

4.1 Detailed Descriptions 

4.1.1 Candidate 1: Upper and Lower Non-Acid Generating Waste Rock and 
Overburden Storage 

4.1.1.1 Technical 

General Description 

The upper and lower NAG waste rock and overburden stockpiles would involve the construction, operation, 

and closure of two stockpiles – the upper overburden stockpile to the immediate west of the open pit and 

the lower NAG waste rock and overburden stockpile to the north of the open pit (Figure 2.1-2). The upper 

stockpile would be located in a low-gradient area sloping to the northwest. The lower stockpile would be 

located in a low-gradient area that slopes to the northeast. NAG overburden material not used for 

construction of the TSF would be placed in either the upper or lower stockpile locations. All NAG4 waste 

rock and overburden material would be placed in the lower stockpile in order to more readily capture the 

stockpile runoff in the TSF due to the somewhat higher ML potential of this material. Drainage from the 

upper stockpile would also be captured and directed to the TSF (Artemis 2020). 

The upper overburden stockpile is planned on 6 x 20 m lifts dumped out at angle of repose (1.3H:1V) and 

would store overburden waste materials. It is planned at a 4.5H:1V overall slope from the 1,490 to 1,620 

m elevation. The upper lifts of this facility would be used as a haul road to access the upper benches of 

a final south pushback pit high wall. Under the upper overburden stockpile, surficial materials range from 

18 m to 75 m thick, with the thickest deposits at lower elevations. Several eskers and localized kames 

and ablation till were identified in the upper stockpile footprint. Static groundwater levels range from 3 m 

to 4 m below surface and mirror the subsurface surficial topography (Artemis 2020). These geotechnical 

conditions provide appropriate foundations for stockpile construction, operation, and closure.  

The lower NAG and overburden stockpile is planned on five 20 m lifts dumped out at angle of repose and 

would store a mixture of NAG waste rock and overburden. It is planned at a 4H:1V overall slope from the 

1,370 to the 1,470 m elevations. Under the lower stockpile, surficial material sequence range from 18 m 

to 75 m thick, with the thickest deposits at lower elevations. Static groundwater levels range from 3 m to 

4 m below surface and mirror the subsurface surficial topography (Artemis 2020). These geotechnical 

conditions provide appropriate foundations for stockpile construction, operation, and closure.  

The mined overburden would be distributed between the two stockpiles based on the ratio of rock to 

overburden placed in a given period. A minimum of 10% of waste rock would be placed with the 

overburden to provide plating and maintain the overall integrity of the waste stockpiles (Artemis 2020). 

During construction, the stockpile foundations would be cleared in preparation for fill placement. A 30 m 

strip along the advancing stockpile toe would be stripped, and the upper layer would be spoiled in a 

windrow and buried beneath the stockpile. A total of 60 Mt of material would be stored in these waste 

rock stockpiles outside of the TSF. 

Water that infiltrates through the stockpiles would be collected at the base directed by gravity to the TSF. 

Surface water runoff during operations and at closure would be diverted around the stockpile to the TSF. 

These surface water diversions would be field-fit with the advancing fill platforms. The stockpiles would be 

developed with overall slopes to facilitate reclamation with growth media at closure (Artemis 2020). 
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The lower stockpile would be progressively reclaimed over the life-of-mine. Post reclamation, the 

maximum slope angle would be 3H:1V. Maximum facility lift height would be 40 m. The stockpiles would 

be covered with 0.3 m of overburden at the end of mine life, and would be re-vegetated (Artemis 2020). 

Complexity of Containment/Physical Characterization of Waste 

The upper and lower NAG waste rock and overburden storage have the following advantages in terms of 

complexity of containment: 

 Lower overall slopes of the facilities minimizes the risk of material run out. 

 Lower vertical uphill haulage distances decrease construction time of lifts, and decrease engineering 

challenges associated with creating a higher facility. 

 Two stockpiles allow progressive reclamation to begin earlier in operations when compared to a one 

stockpile option. 

 The location of the two stockpiles provides more flexibility for a phased approach/ramping up the 

mine throughput by providing more space for the low grade ore stockpile. This supports the project 

economics associated with a phased mining development.  

Footprint Area 

Estimated footprint of the upper and lower NAG waste rock and overburden stockpiles is 160 ha. 

Water Treatment 

As all contact surface water and groundwater would report to the TSF during operations, no water 

treatment would be required for this candidate.  

4.1.1.2 Environment 

Surface Water 

Placement of site infrastructure including the upper NAG waste rock and overburden stockpile would 

require diversion or elimination of some stream reaches. Both stockpiles are located in the Davidson 

Creek drainage; the TSF and all associated water management infrastructure would occur in the 

Davidson Creek drainage. The upper stockpile overlaps a creek and tributaries; however the creek would 

be diverted due to TSF construction.  

A total of 1.4 km of streams would be eliminated due to Candidate 1, resulting in a decrease of 0.23 ha of 

instream habitat within the Davidson Creek catchment. Some flow may be mitigated by diverting water 

around infrastructure or pumping freshwater from a local lake to maintain surface water quantity.  

Water quality in the Davidson Creek receiving environment is not expected to be impacted by Candidate 1 

as surface water is designed to report to the TSF via gravity flow or pumping where runoff would be treated 

as a part of the TSF management process. Seepage and runoff through the upper overburden stockpile 

that is not captured could impact the aquatic receiving environment south of the upper stockpile. However, 

as only non-ML material would be stored in the upper stockpile, these effects would not be significant. 

Groundwater 

Construction of the NAG facilities would alter the pattern of groundwater flow in the Project area. In 

particular the placement of rock in the upper and lower NAG waste rock and overburden stockpiles would 

result in mounding of groundwater and increased pressure head and thus increased groundwater flow. 
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The groundwater flow from the upper and lower stockpiles would flow to the TSF or would be captured in 

a collection ditch.  

Groundwater potentially affected by ML from the lower stockpile would ultimately report to the TSF; thus, 

downstream effects on groundwater quality due to the lower NAG waste rock and overburden stockpile is 

expected to be negligible. Only non-ML overburden material would be placed in the upper stockpile, 

therefore potential effects to groundwater quality on Creek 704454 would be low.  

Air Quality 

The main source of air quality impacts due to the upper and lower NAG waste rock and overburden 

stockpiles come from truck emissions due to hauling material to the stockpiles, fugitive dust along the 

haul roads, and during material placement in the stockpiles. The two-stockpile design of Candidate 1 

would reduce overall haulage distances through optimization of waste placement (see Section 4.1.1.1); 

thus, Candidate 1 has lower air quality effects due to emissions and fugitive dust from waste haulage 

and placement.  

Prevailing and local wind may transport fugitive dust from the stockpiles; this transport is influenced by the 

height and slope of each stockpile. To minimize fugitive dust, a terraced-design would be incorporated into 

both the upper and the lower stockpile design, and air quality effects from this configuration are expected 

to be not significant. 

Vegetation, Ecosystems, and Wetlands 

No plant species of conservation concern, including whitebark pine (Pinus albicaulis), were identified as 

occurring within the footprint of Candidate 1 during baseline studies (AMEC 2013a; ERM 2017a). 

Based on Terrestrial Ecosystem Mapping (TEM), approximately 7 ha of wetlands occur within the footprint 

of Candidate 1 (ERM 2017b). 

No other ecosystems of conservation concern were mapped within the footprint (ERM 2017a). 

Wildlife 

Candidate 1 does not overlap terrestrial bird or western toad high quality habitat as defined in Section 7.2.3 

of the Main Report (Table 4.1-1). There is some habitat overlap with the three bats species of conservation 

concern: eastern red bat (Lasiurus borealis), northern myotis (Myotis septentrionalis), and little brown 

myotis (Myotis lucifugus) (see Figure 7.2-4 of the Main Report; Table 4.1-1; ERM 2017c).  

Candidate 1 footprint also overlaps with high-quality moose habitat and capable caribou habitat as 

defined in Section 7.2.3 of the Main Report (Table 4.1-1; ERM 2017c, 2018). 

Table 4.1-1: Wildlife Habitat Affected by the Upper and Lower Non-Acid Generating 

Waste Rock and Overburden Stockpiles 

Species Total Habitat (ha)1 

Terrestrial Birds 0 

Myotis spp. 157 

Western Toad 0 

Caribou 160 

Moose 2 

1Total habitat calculated using overlap of life stage requirements with the exception of caribou. Total habitat loss 
for caribou was calculated as the ‘Capable Habitat’ as defined in Section 7.2.3 of the main report. 
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Fish and Fish Habitat 

The Project Fish and Fish Habitat Local Study Area (LSA) and Fish and Fish Habitat Regional Study Area 

(RSA) support twelve species of fish including Kokanee (Oncorhynchus nerka), Rainbow Trout 

(Oncorhynchus mykiss), Lake Chub (Couesius plumbeus), Longnose Sucker (Catostomus catostomus), 

Brassy Minnow (Hybognathus hankinsoni), Mountain Whitefish (Prosopium williamsoni), Burbot (Lota 

lota), Longnose Dace (Rhinichthys cataractae), Slimy Sculpin (Cottus cognatus), Northern Pikeminnow 

(Ptychocheilus oregonensis), Largescale Sucker (Catostomus macrocheilus), and White Sucker 

(Catostomus commersonii). Only Rainbow Trout is found or potentially found in the footprint of the 

proposed Candidate 1 stockpile option (AMEC 2013b). 

The upper and lower NAG waste rock and overburden storage candidate consists of two stockpiles 

located in the Davidson Creek watershed; only the upper stockpile overprints Creek 704454 and its 

tributaries. Baseline studies did not extensively sample within the footprint of the Candidate 1 option, but 

Rainbow Trout were the only species collected within the headwaters of Davidson Creek. No barriers to 

fish movement were identified in the potentially affected reaches, so fish may seasonally use these 

sections of each stream (AMEC 2013b). For the purposes of this assessment, Creek 704454 is 

considered to be fish-bearing. 

Rainbow Trout habitat quality generally declined with upstream distance in the Davidson Creek 

watershed. Rearing habitat was fair or good in most streams but migration habitat declined from good in 

second order tributaries to poor or none in first order tributaries. Winter habitat in the upper reaches of 

Davidson Creek were rated as poor, suggesting that these sections provide temporary habitat during 

spring and summer (AMEC 2013b).  

Kokanee spawn in the lower reaches of Davidson Creek watershed. Mountain Whitefish use of Davidson 

Creek is limited and are predominately found over 20 km away in Chedakuz Creek and Tatelkuz Lake 

Habitat within the footprint of the stockpile is not utilised by either species throughout their life history.  

The Brassy Minnow is a blue-listed species in BC and is classified as sensitive or vulnerable (BC CDC 

2013). This species is known to inhabit Tatelkuz Lake, downstream of the Upper and Lower storage, via 

Creek 661. Blue-listed taxa are at risk, but are not extirpated, endangered or threatened. Brassy Minnow 

is not ranked by the COSEWIC or listed under the SARA (2002b). This species has not been identified in 

the Project’s Section 79(1) notice under the SARA (2002b). 

The construction of the upper and lower NAG waste rock and overburden storage would result in loss of 

approximately 0.23 ha of fish habitat. Fish habitat lost due to the deposition of deleterious mine waste, 

the upper stockpile, is in Creek 704454 and tributary streams. A total of 1.4 km of Creek 704454 and its 

tributaries would be affected by the upper stockpile and it would create a permanent barrier to fish passage. 

4.1.1.3 Socio-economics 

Current Use of Lands and Resources for Traditional Purposes 

The upper and lower NAG waste rock and overburden storage candidate is located within the traditional 

territories of the Lhoosk’uz Dené Nation, Ulkatcho First Nation, and Skin Tyee Nation. Section 4.3.4 of the 

Main Report provides a summary of current use of lands and resources for traditional purposes. 

Non-traditional Land-use 

The upper and lower NAG waste rock and overburden storage candidate may temporarily (construction 

and operations) affect trapping due to potential displacement and change in available wildlife. Candidate 1 

is located within trapline tenure TR0512T027. A total of 160 ha of the tenure overlap the upper and lower 

NAG waste rock and overburden stockpile, representing 0.4% of the total tenure area.  
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Guide outfitting tenures may be temporarily (construction and operations) affected by the upper and lower 

NAG waste rock and overburden stockpile due to potential displacement and change in available wildlife. 

Candidate 1 is located within guide outfitter tenure 601089. A total of 160 ha of tenure 601089 are overlap 

the upper and lower stockpile candidate, representing 0.3% of the total tenure area.  

There are no mineral tenures not held by BW Gold, forest tenures, agriculture, range or commercial 

recreation tenures that overlap with Candidate1. 

Public Recreation 

The upper and lower NAG waste rock and overburden stockpile is located within 0.015 ha of a recreational 

sensitivity area, rated as moderately vulnerable to alterations caused by resource development and as 

having high significance. 

There are no National Historic Sites, Marine Conservation Areas, Wildlife Areas, or migratory bird 

sanctuaries in the vicinity of Candidate 1, nor any overlap with national and provincial parks or protected 

areas. Entiako Provincial Park is located approximately 26 km northwest of the mine site (see Main 

Report Section 4.3.1). 

Heritage 

The upper stockpile of Candidate 1 overlaps one tree blaze site, likely associated with mineral exploration 

activities. Candidate 1 does not overlap any known archaeological or historical sites. 

4.1.1.4 Project Economics 

Capital Costs 

Candidate 1 would result in higher capital costs when compared to a single stockpile candidate.  

Operational Costs 

Candidate 1 would have lower operational costs compared to a single stockpile candidate. The ability to 

split waste into two streams reduces operational costs due to shorter uphill haulage distances. Operational 

costs would also be lower due to fewer schedule delays, lower engineering costs associated with 

stockpile stabilization, and easier access to construction materials. 

Closure Costs 

Candidate 1 would have higher closure costs compared to a single stockpile candidate because this 

candidate requires the closure of two stockpiles. However, the upper stockpile would be progressively 

reclaimed and closed earlier (relative to having one pile), which would reduce engineering risks and their 

associated costs.  

Fish Habitat Compensation Costs 

The construction of the upper stockpile would result in approximately 0.23 ha of lost instream area fish 

habitat. The approximate habitat compensation cost for this loss of fish habitat is $200,000. 
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4.1.2 Candidate 2: West Non-Acid Generating Waste Rock and 
Overburden Storage 

4.1.2.1 Technical 

General Description 

The west NAG waste rock and overburden stockpile would involve the construction, operation and 

closure of one waste rock stockpile, the west stockpile to the immediate northwest of the open pit 

(Figure 2.1-3). Candidate 2 would be located in a low-gradient area sloping to the northwest, and would 

occupy a similar footprint to the upper stockpile of Candidate 1. A total of 60 Mt of NAG waste and 

overburden, not used for construction of the TSF, would be placed in the stockpile of the life-of-mine. 

The stockpile runoff would report to the TSF (New Gold 2015).  

The geotechnical conditions of Candidate 2 are characterized by surficial materials ranging from 18 m to 

75 m thick, which are thickest at lower elevations. Several eskers and localized kames and ablation till 

were identified in the footprint area of this candidate. Static groundwater levels range from 3 m to 4 m 

below surface and mirror the subsurface surficial topography (New Gold 2015). These geotechnical 

conditions provide appropriate foundations for stockpile construction, operation, and closure, although 

they may require greater initial engineering effort than for the east stockpiles due to the presence of 

eskers and kames.  

NAG waste (NAG4 and NAG5) and overburden, not used for construction of the TSF, would be placed in 

the stockpile in a single waste stream. Mined overburden would be distributed within the stockpile with a 

minimum of 10% waste rock to provide plating and maintain the overall integrity of the stockpile. 

During the Project’s construction phase, the stockpile foundations would be cleared in preparation for fill 

placement. A 30 m strip along the advancing stockpile toe would be stripped, and the upper layer would be 

spoiled in a windrow and buried beneath the stockpile. Water that infiltrates through the west stockpile 

candidate would be collected at the base of the stockpile in a collection pond and directed by gravity to the 

TSF. Surface water runoff during operations and at closure would be diverted around the stockpile to the 

TSF. These surface water diversions would be field-fit with the advancing fill platforms. The stockpile would 

be developed with overall slopes to facilitate reclamation with growth media at closure (New Gold 2015). 

The design of the closure plan is a considered with regard to degree of acceptability for closure at the end 

of the mine life. Candidate 2 design is not conducive to progressive reclamation, and stockpile closure 

activities would occur during the Project’s closure phase.  

Complexity of Containment/Physical Characterization of Waste 

The west NAG waste rock and overburden stockpile is less suitable than the two stockpile option 

(Candidate 1) in terms of the physical characterization of waste and the complexity of containment. 

The deposition of all waste rock and overburden into a single facility has the following disadvantages:  

 Higher overall slopes of the stockpiles increases the risk of material run out. 

 Higher overall vertical haulage distances increase construction time of lifts, and increased 

engineering challenges associated with creating a higher stockpile.  

 Possible increased difficulties with respect to overburden placement in the stockpile, which may 

decrease the geotechnical stability of the stockpile (i.e., more overburden material contained within 

a single stockpile). 

 The single pile location reduces the operational flexibility with the phased approach for the mine 

throughput by providing less space for the low grade ore stockpile.  
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Footprint Area 

Candidate 2 has a smaller footprint area than a two stockpile candidate because of the higher overall 

slopes. The expected footprint area of Candidate 2 is approximately 150 hectares.  

Water Treatment 

As all contact surface water and groundwater would report to the TSF, no water treatment would be 

required for Candidate 2.  

4.1.2.2 Environment 

Surface Water 

Placement of site infrastructure including the NAG stockpile would require diversion or elimination of 

some stream reaches. The west NAG waste rock and overburden stockpile overlaps small intermittent 

drainages, which would be diverted due to TSF construction. A total of 4.3 km of streams would be 

eliminated, resulting in a decrease of 0.68 ha in instream habitat within the Davidson Creek catchment. 

Some flow may be mitigated by diverting water around infrastructure or pumping freshwater from a local 

lake to maintain surface water quantity.  

Water quality in the Davidson Creek receiving environment is not expected to be impacted by Candidate 2 

as surface water runoff is designed to report to the TSF via gravity flow or pumping where runoff would be 

treated as a part of the TSF management process. Seepage and runoff through the upper overburden 

stockpile not captured could result in water quality effects to the receiving environment south of the west 

candidate option. 

Groundwater 

Construction of the NAG stockpile would alter the pattern of groundwater flow in the Project area. In 

particular the placement of rock in the west NAG waste rock and overburden stockpile would result in a 

groundwater mound and increased pressure head and result in increased groundwater flow to the TSF.  

Air Quality 

The main source of air quality impacts due to the NAG stockpile comes from emissions during trucking of 

rock to the stockpile site, and from fugitive dust along the haul roads and during placement of material in 

the stockpile. The single stockpile design of Candidate 2 increases overall haulage distances because it 

does not permit the optimization of waste placement (see Section 4.1.1.1); thus, Candidate 2 would have 

the high air quality effects due to emissions and fugitive dust from waste haulage and placement.  

Prevailing and local wind may transport fugitive dust from the stockpile; this transport is influenced by the 

height and slope of each stockpile. The west facility has a higher overall slope than Candidate 1, as it is 

not designed to be terraced. Fugitive dust emissions would therefore be elevated relative to a lower 

profile stockpile.  

Vegetation, Ecosystems, and Wetlands  

No plant species of concern, including white bark pine (Pinus albicaulis), were identified as occurring 

within the footprint of Candidate 2 during baseline studies (AMEC 2013a; ERM 2017a). 

Based on TEM, a total of 49 ha of wetlands occur within the footprint of the West Facility (ERM 2017b). 

No other ecosystems of conservation concern were mapped within the footprint (ERM 2017c). 
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Wildlife 

Candidate 2 does not overlap terrestrial bird or western toad high quality habitat as defined in Section 7.2.3 

of the Main Report (Table 4.1-2). There is some habitat overlap with myotis bat species (see Figure 7.2-4 

of the Main Report; Table 4.1-1; ERM 2017c).  

Candidate 2 footprint also overlaps with high-quality moose habitat and capable caribou habitat as 

defined in Section 7.2.3 of the Main Report (Table 4.1-2; ERM 2017c, 2018). 

Table 4.1-2: Wildlife Habitat Requirements Affected by the West Non-Acid Generating 

Waste Rock and Overburden Stockpile Candidate  

Species Total Habitat (ha)1 

Terrestrial Birds 0 

Myotis spp. 138 

Western Toad 0 

Caribou 150 

Moose 7 

1Total habitat calculated using overlap of life stage requirements with the exception of caribou. Total habitat loss 
for caribou was calculated as the ‘Capable Habitat’ as defined in Section 7.2.3 of the main report. 

Fish and Fish Habitat 

Candidate 2 consists of a NAG stockpile located in the Davidson Creek watershed. Baseline studies did 

not extensively sample within the footprint of the west stockpile alternative, but Rainbow Trout were the 

only species collected within the headwaters of Davidson Creek. No barriers to fish movement were 

identified in the potentially affected reaches, so fish may seasonally use the impacted sections of stream 

(AMEC 2013b). For the purposes of this assessment, these streams are considered to be fish-bearing. 

Rainbow Trout habitat quality in potentially affected stream reaches of the Candidate 2 ranges from poor 

to good for rearing fish. While no barriers to migration were identified downstream, migration habitat 

quality within the footprint ranges from good to none, with smaller first order tributaries having the lowest 

migration potential. No overwintering and spawning habitat for Rainbow Trout was identified in several of 

the potentially affected stream reaches and available overwintering and spawning habitat was fair or 

absent due to minimal residual pool depths and low abundance of spawning gravels. 

Kokanee and Mountain Whitefish spawn in the lower reaches of the Davidson Creek watershed, close to 

Tatelkuz Lake. The spawning sites of these species are not within the footprint of the proposed west 

stockpile alternative. 

No provincially or federally listed fish species are located within or downstream of the West NAG and 

overburden stockpile alternative. The Brassy Minnow is a blue-listed species in BC and is known to 

inhabit Tatelkuz Lake; Candidate 2 is in the Davidson Creek watershed, which merges with Chedakuz 

Creek downstream of this lake. This species is not listed under the SARA (2002b). 

The construction of Candidate 2 would result in the permanent loss of fish habitat in an area of 

approximately 0.68 ha. A total of 4.3 km of streams would be affected by the placement of expanded 

stockpile and it would create a permanent barrier to fish passage. 
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4.1.2.3 Socio-economics 

Current Use of Lands and Resources for Traditional Purposes 

Candidate 2 is located within the traditional territories of the Lhoosk’uz Dené Nation, Ulkatcho First 

Nation, and Skin Tyee Nation. Section 4.3.4 of the Main Report provides a summary of current use of 

lands and resources for traditional purposes. 

Non-traditional Land-use 

Candidate 2 may temporarily (construction and operations) affect trapping tenures due to potential 

displacement and change in available wildlife. This candidate overlaps trapline TR0512T027. A total of 

150 ha of the tenure is located in Candidate 2, representing 0.4% of the total tenure area.  

Guide outfitting tenures may be temporarily (construction and operations) affected by Candidate 2 due to 

potential displacement and change in available wildlife. This candidate is overlaps 150 ha of guide outfitter 

tenure 601089, representing 0.3% of the total tenure area.  

There are no mineral tenures not held by BW Gold, forest tenures, agriculture, range or commercial 

recreation tenures that overlap with Candidate 2. 

Public Recreation 

The west NAG waste rock and overburden stockpile alternative is not located in recreational areas that 

are rated as vulnerable to alterations caused by resource development and as having specific 

significance. There are no National Historic Sites, Marine Conservation Areas, Wildlife Areas, or migratory 

bird sanctuaries in the vicinity of Candidate 2, nor any overlap with national and provincial parks or 

protected areas. Entiako Provincial Park is located approximately 26 km northwest of the mine site 

(see Section 4.3.1 of the Main Report). 

Heritage 

Candidate 2 overlaps one historical heritage resource site: one blaze site, most likely associated with 

mineral exploration activities. No known archaeological or historic sites occur within the footprint of 

Candidate 2. 

4.1.2.4 Project Economics 

Capital Costs 

Candidate 2 would result in lower capital costs compared to a two stockpile candidate.  

Operational Costs 

Candidate 2 would have higher operational costs compared to a two stockpile candidate due to longer 

uphill haulage distances, higher risk of schedule delays, higher engineering costs associated with 

stockpile stabilization, and more difficulty in accessing construction materials.  

Closure Costs 

Candidate 2 would have lower closure costs compared to a two stockpile candidate. This option would 

require the closure of only one stockpile, although progressive reclamation and closure would commence 

later relative to a two stockpile candidate.  
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Fish Habitat Compensation Costs 

Candidate 2 would result in the loss of approximately 0.68 ha fish habitat. The approximate habitat 

compensation cost for this candidate is $620,000. 

4.2 Alternatives Characterization 

Based on ECCC Guidelines, the remaining alternatives are characterized using the following categories: 

 Technical Account, including considerations relating to design, engineering, construction, operation, 

and closure (Table 4.2-1); 

 Environment Account, including valued components of the physical and biological environment 

(Table 4.2-2); 

 Socio-economic Account, including valued components relating to the socio-economic, land use, and 

community and Indigenous groups well-being (Table 4.2-3); and  

 Economic Account, including Project costs relating to the design, construction, operation, and closure 

(Table 4.2-4). 

The ECCC Guidelines notes that every project is unique and the characterization criteria must be 

developed with consideration to the impacts, concerns, and Indigenous, stakeholder and regulatory 

interests, relevant to the Project. Each account considers short- and long-term issues associated with 

construction through operation, mine closure and, ultimately, post-closure maintenance and monitoring. 

Some characterization criteria are relevant to more than one account. Although characterization criteria 

may be listed under multiple accounts, the multiple accounts ledger, only considers non-redundant and 

judgementally independent characterization criteria when ranking alternatives; therefore, no characterization 

criterion is considered more than once. 
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Table 4.2-1: Technical Characterization Criteria Summary 

Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation 

Criteria? (Y/N) 

Stockpile Characteristics 

Distance from 

deposit 

NAG waste rock and overburden 

stockpile candidates located closer to 

the open pit are preferred 

Stockpiles are located immediately 

adjacent and nearby the open pit 

Stockpile is located immediately 

adjacent to open pit 

No (not significantly 

differentiating) 

Complexity of 

containment 

NAG waste rock and overburden 

stockpile candidates with less 

complex containment are preferred 

Simple complexity – two stockpiles 

allow for optimization of waste 

placement 

Minor complexity – single stockpile 

presents challenges for 

optimization of waste placement 

No (not significantly 

differentiating) 

Physical 

characterization 

of wastes 

NAG waste rock and overburden 

stockpile candidates that segregate 

waste streams are preferred due to 

decreased operational complexity 

and risk 

Dual stockpile design allows for 

segregation of waste streams 

Single stockpile design does not 

allow for segregation of waste 

streams 

Yes 

Area footprint 

(ha) 

NAG waste rock and overburden 

stockpile candidates with a larger 

footprint are less preferred due to 

potentially higher environmental 

impacts 

160 ha 150 ha No (not significantly 

differentiating) 

Expansion 

potential 

NAG waste rock and overburden 

stockpile candidates with more 

expansion potential are preferred 

Highest expansion potential Lower expansion potential Yes 

Foundation Conditions 

Degree of 

acceptability 

NAG waste rock and overburden 

stockpile candidates with more 

acceptable foundation conditions are 

preferred 

Although the lower stockpile may 

have more challenging foundation 

conditions, the foundation 

conditions of both stockpiles are 

deemed to be acceptable  

Stockpile may present more 

challenging foundation conditions, 

although the foundation conditions 

are still deemed to be acceptable  

No (not significantly 

differentiating) 
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Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation 

Criteria? (Y/N) 

Supporting Infrastructure 

Waste haulage 

distance 

NAG waste rock and overburden 

stockpile candidates with greater 

lengths or required haul roads result 

in greater costs and decreased 

efficiencies 

Good: Requires little supporting 

infrastructure due to optimization 

capacity inherent in dual-facility 

(i.e., probable shorter haul roads 

required) 

Poor: Requires some additional 

supporting infrastructure due to no 

optimization capacity of single 

facility (i.e., probable longer haul 

roads and distances required) 

Yes 

Water Collection and Treatment 

Drainage 

collection 

NAG waste rock and overburden 

stockpile candidates with fewer 

drainage collection risks are preferred 

No perceived risks to drainage 

collection 

No perceived risks to drainage 

collection 

No  

Potential for water 

treatment 

NAG waste rock and overburden 

stockpile candidates that do not 

require water treatment are preferred 

Water treatment not required Water treatment not required No  

Construction, Operation, and Closure 

Complexity of 

construction 

NAG waste rock and overburden 

stockpile candidates with increased 

operational flexibility and simplicity 

are preferred due to decreased risk 

Moderately complex construction 

requirements due to two stockpiles 

being required; lower stockpile may 

have more challenging foundation 

conditions increasing construction 

complexity 

Simple construction requirements 

due to single stockpile being 

required, and relatively simple 

foundation conditions 

Yes 

Operational 

flexibility and 

simplicity 

NAG waste rock and overburden 

stockpile candidates with increased 

operational flexibility and simplicity 

are preferred due to decreased risk 

Spilt design is optimal for 

simplification and flexibility of 

operations. Provides greater 

flexibility for phased approach in 

mining development by providing 

more space for the low and high 

grade ore stockpiles. 

Single stockpile design is less 

flexible and minor complexities for 

operations. Does not provide 

flexibility for a phased approach in 

mining development and limited 

space for the low and high grade 

ore stockpiles. 

Yes 

Closure risk NAG waste rock and overburden 

stockpile candidates that allow for 

progressive reclamation and closure 

are preferred due to decreased risk 

Split design allows for progressive 

reclamation earlier in operations 

and into closure with a lower risk 

at closure 

Progressive reclamation can be 

completed but later in operations 

and closure 

Yes 
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Table 4.2-2: Environment Characterization Criteria Summary Table 

Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation 

Criteria? (Y/N) 

Surface Water 

Watersheds 

affected 

NAG waste rock and overburden 

stockpile candidates with fewer 

affected watersheds are preferred 

One watershed affected One watershed affected No 

Reduction in 

catchment area 

NAG waste rock and overburden 

stockpile candidates with the smallest 

catchment and least potential to 

reduce flows are preferred 

1,083 ha diverted catchment areas 734 ha diverted catchment areas No (not 

significantly 

differentiating) 

Surface water 

quality 

NAG waste rock and overburden 

stockpile candidates with lower 

impacts to surface water quality are 

preferred 

Low potential impacts: Minimal 

effects to surface water quality in 

the receiving environment; surface 

water from the upper and lower 

stockpiles report to TSF via gravity 

or pumped flow; some effects to 

Creek 704454 may occur although 

these effects will be negligible as 

only the lowest ML potential material 

will be stored in the upper stockpile 

Moderate potential impacts: All 

surface water runoff will be gravity 

flow or be pumped to the TSF. 

If seepage and runoff is not 

captured there is potential for poor 

quality water to enter Creek 704454 

Yes 

Groundwater 

Groundwater 

quantity 

NAG waste rock and overburden 

stockpile candidates with lower impacts 

to groundwater flow are preferred 

Minimal effects to groundwater 

quantity 

Minimal effects to groundwater 

quantity 

No 

Groundwater 

quality 

NAG waste rock and overburden 

stockpile candidates with lower 

impacts to groundwater quality are 

preferred 

Low potential impacts: Minimal effects 

to groundwater quality; groundwater 

from upper and lower stockpiles 

report to TSF; some effects to Creek 

704454 may occur although these 

effects will be negligible as only the 

lowest ML potential material will be 

stored in upper stockpile 

Low potential impacts: Minimal 

effects to groundwater quality; 

surface water from dump reports to 

TSF; some effects to Creek 704454 

may occur 

No 
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Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation 

Criteria? (Y/N) 

Air Quality 

Vehicle emissions NAG waste rock and overburden 

stockpile candidates with shorter 

waste haulage distances are preferred 

due to lower vehicle emissions 

Optimization of waste haulage 

possible; waste streams are split to 

decrease uphill haulage distances 

Optimization of waste haulage not 

possible because it is a single 

stockpile and therefore there will be 

greater vertical haul distances 

Yes 

Fugitive dust NAG waste rock and overburden 

stockpile candidates with lower 

potential for fugitive dust emissions 

are preferred  

To minimize fugitive dust, a terraced-

design would be incorporated into 

both the upper and the lower 

stockpile design, and air quality 

effects from this configuration are 

expected to not be significant.  

The design does not include 

terracing therefore the pile will be 

taller and greater potential for 

fugitive dust emissions than the 

two stockpile terraced option 

Yes 

Terrestrial Ecosystems  

Loss and risk to 

wetlands 

NAG waste rock and overburden 

stockpile candidates with lower 

impacts to wetland ecosystems are 

preferred due to their high contribution 

to both aquatic biodiversity and 

terrestrial biodiversity 

7 ha overlap with mapped wetlands 49 ha overlap with mapped 

wetlands 

Yes 

Fish, Fish Habitat, and Aquatic Resources 

Stream length 

affected 

NAG waste rock and overburden 

stockpile candidates that overlap fewer 

streams are preferred due to lower 

potential impacts to aquatic habitat  

1.4 km of streams (1.4 km upper 

and 0 km lower stockpile) 

4.3 km of streams Yes 

Fish habitat lost NAG waste rock and overburden 

stockpile candidates that create less fish 

habitat loss are preferred due to lower 

mine related impacts to fish habitat 

Loss of 0.23 ha, (0.23 ha upper and 

0 ha lower stockpile) of known 

Rainbow Trout habitat1 

Loss of 0.68 ha of known Rainbow 

Trout habitat1 

Yes 

Fish species 

diversity 

NAG waste rock and overburden 

stockpile candidates that affect greater 

number of species are less preferred  

Rainbow Trout Rainbow Trout No 
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Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation 

Criteria? (Y/N) 

Fish and aquatic 

species at risk 

NAG waste rock and overburden 

stockpile candidates with lower impacts 

to known fish and aquatic species at 

risk are preferred due to their high 

contribution to biodiversity and their 

protection under the SARA (2002b) 

No known fish or other aquatic 

species at risk overlap with option 

No known fish or other aquatic 

species at risk overlap with option 

No 

Wildlife and Wildlife Habitat 

Loss of high-quality 

habitat for species 

of conservation 

concern 

NAG waste rock and overburden 

stockpile candidates that overlap less 

high quality habitat (terrestrial birds, 

myotis bat and western toad) are 

preferred due to lower biodiversity 

impact 

Loss of high-quality habitat = 157 ha 

(terrestrial birds = 0 ha;  

myotis bat = 157 ha and 

western toad = 0 ha) 

Loss of high-quality habitat = 158 ha 

(terrestrial birds = 0 ha;  

myotis bat = 138 ha and 

western toad = 0 ha) 

No 

Loss of capable 

caribou habitat 

NAG waste rock and overburden 

stockpile candidates that overlap less 

capable habitat for caribou are preferred 

due to lower biodiversity impact 

Loss of capable caribou habitat = 

160 ha (0 ha HEWR, 160 ha HE-

Matrix 1; 0 ha LE-Matrix 1, 0 ha 

Matrix 1) 

Loss of capable caribou habitat = 

150 ha (0 ha HEWR, 150 ha HE-

Matrix 1; 0 ha LE-Matrix 1, 0 ha 

Matrix 1) 

No 

Loss of high-quality 

habitat for moose 

NAG waste rock and overburden 

stockpile disposal candidates that 

overlap less high-quality habitat for 

moose are preferred due to lower 

biodiversity impact 

2 ha 7 ha No 

1 Instream Habitat. 
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Table 4.2-3: Socio-economic Characterization Criteria Summary Table 

Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation Criteria? 

(Y/N) 

Current Use of Lands and Resources for Traditional Purposes 

Traditional territory 

overlapped 

NAG waste rock and overburden 

stockpile candidates that overlap 

with Indigenous traditional territories 

are less preferred as they may 

affect the exercise of Indigenous 

rights and title in the area of overlap 

160 ha (Lhoosk’uz Dené Nation);  

143 ha (Ulkatcho First Nation);  

160 ha (Skin Tyee Nation) 

150 ha (Lhoosk’uz Dené Nation);  

150 ha (Ulkatcho First Nation);  

150 ha (Skin Tyee Nation) 

No (not significantly 

different) 

Non-traditional Land-use 

Registered traplines NAG waste rock and overburden 

stockpile candidates that overlap 

with trapline tenures are less 

preferred as they may affect the 

rights of tenure holders 

160 ha (TR0512T027) 

0.4% of the total tenure area 

150 ha (TR0512T027) 

0.4% of the total tenure area 

No 

Agriculture and range 

tenures 

NAG waste rock and overburden 

stockpile candidates that overlap 

with agriculture and range tenures 

are less preferred as they may 

affect the rights of tenure holders 

No overlap No overlap No 

Guide outfitting 

licences 

NAG waste rock and overburden 

stockpile candidates that overlap 

with guide outfitting tenures are less 

preferred as they may affect the 

rights of tenure holders 

160 ha (601089) 

0.3% of the total tenure area 

150 ha (601089) 

0.3% of the total tenure area 

No 

Public Recreation 

Overlap of areas with 

recreational sensitivity 

and significance 

NAG waste rock and overburden 

stockpile candidates that are located 

in areas with highly sensitive 

recreation values may affect the 

ability of recreationists to enjoy the 

area of overlap 

0.015 ha within areas with 

moderate sensitivity, High 

significance 

Not in area with sensitivity or 

significance value 

No (not significantly 

different) 
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Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation Criteria? 

(Y/N) 

Archaeology 

Known archaeological 

sites 

NAG waste rock and overburden 

stockpile candidates that overlap 

with archaeological sites are less 

preferred as these sites are 

protected under the Heritage 

Conservation Act 

No overlap with known 

archaeological sites 

No overlap with known 

archaeological sites 

No 

Known heritage 

resource sites 

(including cabin 

remains, culturally 

modified trees, and 

tree blazes)  

NAG waste rock and overburden 

stockpile candidates that overlap 

with historical heritage resource 

sites may require additional 

mitigation 

1 heritage site (1 cabin site) 1 heritage site (1 blaze site) No (not significantly 

different) 
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Table 4.2-4: Economic Characterization Criteria Summary Table 

Characterization 

Criteria 

Rationale Upper and Lower 

(Candidate 1) 

West 

(Candidate 2) 

Advanced to 

Evaluation Criteria?  

(Y/N) 

Initial capital cost Lower capital costs 

are preferred 

High capital cost by the need to 

prepare two stockpiles 

Low capital costs as a result of the 

single stockpile option. 

Yes 

Sustaining capital and 

operating costs 

Lower operational costs 

are preferred 

Low operational costs due to capacity 

for optimization of waste placement, 

decrease in uphill haulage distances, 

minimizing the risk of any schedule 

delays, minimizes engineering costs 

associated with stockpile stabilization, 

and provides easier access to 

construction materials 

High operational costs due uphill 

haulage that increases operational 

costs, increases the risk of any 

schedule delays, increases 

engineering costs associated with 

stockpile stabilization, and does not 

provide easy access to construction 

materials 

Yes 

Closure cost Lower closure costs are 

preferred 

High closure costs due to need to close 

two stockpiles required. Progressive 

reclamation of the upper stockpile can 

be progressively reclaimed and closed 

earlier to reduce engineering risks and 

associated costs 

Moderate to low closure costs due to 

later start of progressive reclamation 

and closure (relative to the dual 

stockpile option); closure of one 

facility required 

Yes 

Fish habitat offsetting 

costs 

Lower fish habitat 

compensation costs are 

preferred 

$200,000  $620,000  Yes 
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5. STEP 4: MULTIPLE ACCOUNTS LEDGER 

For each of the accounts one or more measurement criteria (indicators) have been developed to evaluate 

the differences among candidates, and to allow measurability and ranking of these differences. The 

indicators are characterized in the following section using either a quantitative metric (e.g., hectares or 

metres) or a qualitative evaluation (e.g., low, moderate and high). The indicators were selected with 

consideration of criteria that would be differentiating between the candidate alternatives. 

The multiple accounts ledger identifies criteria from the alternative characterization that differentiate 

alternatives (based on the findings from Tables 4.2-1 through 4.2-4) so that candidates can be evaluated 

relative to one another. The ledger consists of two elements: sub-accounts (i.e., evaluation criteria) and 

indicators (i.e., measurement criteria). There are no differentiating indicators between the two candidates 

under the Socio-economic account, therefore this account as not been carried forward to the multiple 

accounts ledger. 

5.1 Sub-accounts 

Sub-accounts are also know as evaluation criteria and are developed to consider material benefits 

(advantages) or losses (disadvantages) associated with the remaining candidates. Sub-accounts are 

considered and defined on a project-specific basis, and sub-accounts used in one assessment may not 

be relevant to another assessment. To ensure that the sub-accounts are useful in the evaluation, the 

ECCC Guidelines identify the following characteristics for sub-accounts: 

 Impact-driven: must be linked to an impact (advantage or disadvantage) rather than simply a 

statement of fact; 

 Differentiating: must define an aspect that distinctly differentiates one or more of the alternatives, in a 

way that is meaningful to the decision (i.e., if a factor is the same for all alternatives, then that factor is 

not important in the comparison; 

 Relevant: must be a factor that is relevant to the decision-making process; 

 Understandable: must be defined unambiguously, so that external parties (e.g., reviewers) cannot 

interpret the preferred state differently; 

 Non-redundant: must be unique within the multiple accounts analysis (i.e., to avoid consideration of 

the same criteria in different sub-accounts); and 

 Independent: must be judgementally independent such that the outcome for one criteria cannot 

depend on the outcome of another criteria. 

Table 5.1-1 summarizes the sub-accounts identified for the assessment of the candidates, including the 

rationale and preferred state of each sub-account. The definition of sub-accounts considered the 

characterization criteria described in Section 4. 
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Table 5.1-1: Sub-account and Rationale for Selection 

Account Sub-account Rationale 

Technical Stockpile Characteristics Candidates with less complex stockpile characteristics are 

preferred due to lower engineering requirements and 

environmental risk. 

Supporting Infrastructure Candidates with less complex supporting infrastructure are 

preferred due to lower engineering requirements and 

environmental risk. 

Construction, Operation, 

and Closure 

Candidates with higher construction, operation, and closure 

requirements are generally less desirable from a cost 

perspective, and may have a higher long-term risk of failure. 

Environment Air Quality Candidates that have high potential for fugitive dust or 

greenhouse gas emissions would be less desirable due to higher 

associated risks to human health, vegetation and wildlife habitat, 

and global climate change.  

Surface Water Candidates that have higher potential impacts to surface water 

are less desirable due to higher potential effects to the receiving 

environment and increased potential for water treatment. 

Terrestrial Ecosystems Candidates that affect rare and endangered ecosystems or 

areas of high biodiversity would be less desirable due to higher 

associated effects on biodiversity and traditional use values. 

Fish, Fish Habitat and 

Aquatic Resources 

Candidates with greater effects to fish and aquatic habitat would 

be less desirable due to the high ecological importance of fish 

and aquatic habitat and the corresponding riparian ecosystems, 

as well as the potential need for habitat compensation. 

Economic Proponent Costs Candidates with lower overall costs are preferred. 

5.2 Indicators 

Indicators are also known as measurement criteria as they provide for the qualitative or quantitative 

measurement within each sub-account, thus allowing for direct comparison between alternatives. As for 

the sub-accounts, indicators are defined on a project-specific basis and must also be impact-driven, 

differentiating, relevant, understandable, non-redundant, and independent. Table 5.2-1 lists the indicators 

in addition to the indicator parameter and unit (where applicable) identified for each sub-account. 

5.3 Multiple Accounts Ledger 

The indicators listed in Table 5.2-1 are tabulated in the multiple accounts ledger (Attachment A), along 

with the applicable measurement parameter (e.g., length) and unit of measurement (e.g., metres). Each 

alternative is described, factually and objectively, in regard to each indicator. 
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Table 5.2-1: Indicators Identified for Each Sub-account 

Account Sub-account Indicator Indicator Parameter Unit 

Technical Stockpile 

Characteristics 

Physical characterization of wastes Qualitative Value - 

Expansion potential Qualitative Value - 

Supporting 

Infrastructure 

Waste haulage distance Qualitative Value - 

Construction, 

Operation, and 

Closure 

Complexity of construction Qualitative Value - 

Operational flexibility and complexity Qualitative Value - 

Closure risk Qualitative Value - 

Environment Air Quality Vehicle emissions Qualitative Value - 

Fugitive dust Qualitative Value  - 

Surface Water Surface water quality Qualitative Value - 

Ecosystems Loss and risk to wetlands Area ha 

Fish and Aquatic 

Habitat 

Stream length affected Length km 

Fish habitat lost Area ha 

Economic Proponent Costs Initial capital cost Cost $ 

Sustaining capital and operating 

costs 

Cost $ 

Closure cost Cost  $ 

Fish habitat offsetting costs Cost $ 
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6. STEP 5: VALUE-BASED DECISION PROCESS 

6.1 Scoring 

To provide a consistent approach to scoring both quantitative and qualitative indicators, value scales are 

developed for each indicator (Attachment A). Scales range from one (1) to six (6), with higher scores 

indicating a higher degree of preference (e.g., less adverse impact, less risk, greater certainty). Scales 

are defined to cover the range of values embodied by the remaining candidates as well as other 

realistically conceivable alternatives. In most cases, the end points define the realistic best- and worst 

case scenarios, even if these end points are beyond the bounds of the remaining alternatives. 

In accordance with the ECCC Guidelines, the scales should be developed to be:  

 Operational, such that the scale should be relevant and able to accommodate any other realistically 

conceivable alternative that may be added at a later time;  

 Reliable, in that different parties should arise at the same score given the same scale and 

background information;  

 Relevant to the indicator being scored; and  

 Justifiable, so that any external party should agree that the scale is reasonable.  

For each indicator, the information provided for each alternative is considered against the applicable 

indicator’s scale, and each alternative is assigned the appropriate score from one (1) to six (6). For a 

given indicator, candidates with higher scores are preferred over those with lower scores. In accordance 

with the ECCC Guidelines, the robust and transparent characterization of each candidate within the 

ledger supports scoring that is clear and easily reproducible so that any external party would arrive at the 

same conclusions. 

6.2 Indicator Weighting 

The indicator weightings presented in this section are based on professional experience and judgement 

of the Project team. All values were evaluated on a six-point scale, with 6 being the most significantly 

valued and 1 being the least. Weightings are relevant only when there is more than one indicator since 

they contrast the relative importance of each indicator within a given sub-account. The tables provide the 

indicators for each sub-account along with a scalar value and metric on which to score the candidates. 

Not all scalar value (i.e., from 1 to 6) have a metric for all indicators. This can be the case for the more 

qualitative indicators where the metric can be candidate-specific than for the quantitative metrics. In 

cases where the scalar values are not sequential (e.g., 1 or 6) the difference between the metric is 

considered more significant than when they are sequential (i.e., 2, 3, 4). 

6.2.1 Technical 

For technical sub-accounts with more than one indicator, each indicator was assigned a weighting based 

on professional judgment (Tables 6.2-1 and 6.2-2). Indicator weightings for “waste haulage distance” are 

not provided as those indicators are the only indicators under the sub-accounts: “Supporting 

Infrastructure”.  

Indicators for the sub-account “Stockpile Characteristics” were assigned weightings based on the 

engineering considerations involved and the relative risks to the environment (Table 6.2-1). The “physical 

characterization of wastes” indicator was assigned the highest weightings because the ability to 

segregate ML waste rock into two waste streams is a major factor in the construction, operation and 

closure of the NAG waste rock and overburden facility. The indicator “expansion potential” was assigned 
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a moderate weighting because this indicator is primarily related to the Project’s ability to incorporate 

changes in production rates rather than environmental risks.  

Table 6.2-1: Stockpile Characteristic Indicator Weighting 

Indicator Weighting Value 

Physical characterization of waste 6 

Expansion potential 3 

Table 6.2-2: Construction, Operation, and Closure Indicator Weighting 

Indicator Weighting Value 

Complexity of construction 6 

Operational flexibility and complexity 6 

Closure risk 1 

Indicators for the sub-account “Construction, Operation, and Closure” were assigned weightings based on 

the relative engineering and cost considerations involved (Table 6.2-2). The “complexity of construction” 

indicator was assigned the highest weighting because the most engineering associated with waste rock 

stockpiles are foundation preparations and lift construction. The “operational flexibility and complexity” 

indicator was assigned the highest weighting because of the increased costs to the Proponent associated 

with significant delays in waste placement and the importance of allowing more space for the low and 

high grade ore stockpiles for phased mining development. The “closure risk” indicator was assigned the 

lowest rating because all three options are based on well-established technologies, and closure risks can 

be mitigated. 

6.2.2 Environment 

The indicators for each environment sub-account were each assigned a weighting according to 

professional judgment, as well as on the strength of regulatory protection and concern for a given 

indicator and whether the indicator is related to an area of Indigenous groups concern. For environment 

sub-accounts with more than one indicator, each indicator was assigned a weighting according to 

professional judgment (Tables 6.2-3 and 6.2-4). Indicator weightings for “terrestrial ecosystems” is not 

provided as this indicator is the only indicator for the sub-account “Loss and risk to wetlands”. Indicator 

weightings for “surface water” is not provided as this indicator is the only indicator for the sub-account 

“surface water quality”.  

Table 6.2-3: Air Quality Indicator Weighting 

Indicator Weighting Value 

Vehicle emissions 3 

Fugitive dust 6 

Table 6.2-4: Fish and Aquatic Habitat Indicator Weighting 

Indicator Weighting Value 

Stream length affected 2 

Fish habitat lost 6 
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Indicator weightings for the sub-account “Air quality” were assigned based on the relative risk to human 

health and environment (Table 6.2-3). The indicator “fugitive dust” was assigned the highest weighting, as 

the storage of on-land waste rock may cause negative effects to the on-site workers and to the 

surrounding environment. The indicator “vehicle emissions” was assigned a lower weighting because the 

NAG waste rock options considered here are all located adjacent to the pit, which minimizes vehicle 

emissions and the associated greenhouse gas emissions. The Project has been designed to minimize 

haul distances, which would be the primary source of greenhouse gas emissions for the Project. 

The indicator values for the sub-account “fish and aquatic habitat” were assigned based on legislative 

requirements and relative risk to the species under consideration (Table 6.2-4). The indicator “fish habitat 

lost” was assigned the highest weightings because the loss of fish habitat as a result of deposition of 

deleterious waste is the trigger for a MDMER Schedule 2 amendment. The indicator “stream length 

affected” was assigned a low weighting because this indicator provides less information on the habitat 

function and more applicable to aquatic habitat lost in affected streams. 

6.2.3 Socio-economic 

There are no differentiating indicators weightings thus the socio-economic account has been excluded. 

6.2.4 Economic 

Proponent costs indicators (initial capital costs, sustaining capital and operating costs, closure costs, and 

fish habitat compensation costs) have been assigned the same weightings (i.e., 3) to remove any bias 

that weighting the costs towards Net Present Value (i.e., calculating a higher value for capital costs 

versus closure and post-closure costs). 

6.3 Sub-account Weighting 

The sub-account weightings presented in this section are based on professional judgement of the Project 

team who assembled this report. Only accounts with more than one sub-account are discussed in this 

section. All values were evaluated on a six-point scale, with 6 being the most significantly valued and 

1 being the least. 

6.3.1 Technical Sub-account Weightings 

The technical account sub-account weightings were assigned according to the environmental and 

engineering risk associated with each sub-account (Table 6.3-1). The “construction, operation, and 

closure” sub-account was given the highest weighting because of the long-term timeline associated with 

closure. The “stockpile characteristics” sub-account was assigned a moderate weighting because the 

stockpiles proposed here are based on well-established technologies. “Supporting infrastructure” was 

assigned the lowest weighting because this infrastructure poses the lowest risk. 

Table 6.3-1: Technical Sub-account Weightings 

Sub-account Weighting Value 

Stockpile characteristics 3 

Supporting infrastructure 1 

Construction, operation, and closure 6 
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6.3.2 Environment Sub-account Weightings 

The environment sub-accounts weightings were assigned based on both legal requirements and on 

professional judgment (Table 6.3-2). The “fish and aquatic habitat” sub-account was ranked as the most 

significant sub-account because of the potential effect on valued fish habitat and for the Project to invoke a 

Schedule 2 amendment. The sub-account “surface water” is assigned a moderate-high weighting because 

of potential effects of surface water containment issues and associated declines in water quality would 

have on downstream environments. The sub-account “air quality” was assigned a moderate weighting 

because of the potential risks to human health, although these are expected to be not significant.  

Table 6.3-2: Environment Sub-account Weightings 

Sub-account Weighting Value 

Air quality  4 

Surface water 3 

Terrestrial Ecosystems 1 

Fish, Fish Habitat and Aquatic Resources 6 

6.3.3 Socio-economic Sub-account Weightings 

There are no socio-economic sub-accounts. 

6.3.4 Economic Sub-account Weightings 

The economic account has only one sub-account. 

6.4 Account Weightings 

The recommended base-case account weightings were derived from the ECCC Guidelines, and are 

presented in Table 6.4-1.  

Table 6.4-1: Account Weightings for Base Case Scenario 

Account Weighting Value 

Technical 3 

Environment 6 

Socio-economic NA 

Economic 1.5 

Note: NA = Not Applicable; the Socio-economic account was excluded from the analysis because there are no 
differentiating indicators. 

6.5 Quantitative Analysis 

The ECCC Guidelines describe the calculation of merit ratings for each candidate based on the relevant 

scores and weightings. Merit ratings were calculated using the ECCC spreadsheet (Attachment B). The 

resulting “alternative merit rating” is a number between 1.0 and 6.0, where higher numbers indicate a 

greater degree of preference. The alternative, account, and sub-account merit ratings can be compared 

across alternatives. The overall results are presented in Table 6.5-1. The scoring represents the sum of 

the four Accounts with Base Case weightings as per Table 6.4-1 (Attachment B).  
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Table 6.5-1: Multiple Accounts Analysis Results 
 

Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Base Case 4.95 2.60 

Candidate 1 (upper and lower) is considered the most appropriate NAG waste rock and overburden 

stockpile candidate, with the highest rating (4.95) in the multiple accounts analysis (Table 6.5-1). 

Although Candidate 1 has a slightly larger footprint when compared to Candidate 2, the dual stockpile 

design has the ability to split the waste into two streams and reduces overall waste haulage distances. 

In addition, the two stockpiles provide more flexibility for a phased approach/ramping up the mine 

throughput by providing more space for the low and high grade ore stockpiles. This important aspect 

in terms of flexibility will support the project economics associated with a phased mining development. 

Indigenous groups expressed concerns regarding the drainage of stockpiles located within the receiving 

environment of Creek 661. Thus Candidate 1 preference reflects updates to the mine plan as a result of 

the comments made on the location of mine waste deposition. 
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7. STEP 6: SENSITIVITY ANALYSIS 

Two sensitivity analyses were performed for this assessment: the first where all accounts were given an 

equal weighting, and the second where only indicators with discriminating values of 30% or higher were 

considered. To determine if an indicator was highly differentiating, the difference between the highest 

indicator value and the lowest indicator value was multiplied by the indicator weighting and the lower 

value was subtracted from the higher value. If this value was greater than 30% of the possible range of 

values (maximum high value [6] x indicator weighting – minimum low value [1] x indicator weighting), then 

this indicator was considered to be discriminating. The underlying analyses are provided in Attachment B. 

For both sensitivity analyses, Candidate 1 remained the preferred alternative and Candidate 2 scored 

lower as a result of technical challenges and complexities and greater potential impacts to air quality, 

surface water, terrestrial ecosystems, and fish and aquatic habitat (Table 7-1; Attachment B). 

Table 7-1: Results of Sensitivity Analyses 

Sensitivity Run Candidate 1  Candidate 2 

1 (all accounts given equal weighting) 4.39 2.75 

2 (discriminating indicators only) 4.83 2.18 
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8. CONCLUSIONS 

The upper and lower NAG waste rock and overburden stockpile (Candidate 1) resulted in the highest 

overall value for the multiple accounts and sensitivity analyses, and is the preferred candidate for the 

Project. Although Candidate 1 slightly larger than Candidate 2, it provides access to NAG waste rock and 

overburden for construction, and has the lowest potential impacts to environmental components including 

air quality, surface water, terrestrial ecosystems, and fish and aquatic habitat. 
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Attachment A: Multiple Accounts Analysis Ledger 

MULTIPLE ACCOUNTS ANALYSIS (MAA) LEDGER: TECHNICAL ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Scale Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Stockpile Characteristics 

Physical characterization 

of wastes 

NAG waste rock and overburden stockpile 

options that allow segregation of waste streams 

are preferred due to decreased operational 

complexity and risk. 

- Dual stockpile design has allow for 

segregation of waste streams. 

Single stockpile design does 

not allow for segregation of 

waste streams. 

6 Simple (dual waste stream) 6 1 

5 Less simple 

4 Neutral 

3 Minor complexities 

2 Moderate complexities 

1 Complex (single waste streams) 

Expansion potential NAG waste rock and overburden stockpile 

options with greater expansion potential are 

preferred. 

- Highest expansion potential Lower expansion potential 6 Highest expansion potential 6 1 

  

  

  

  

1 Lowest expansion potential 

Supporting Infrastructure 

Waste haulage distance NAG waste rock and overburden stockpile 

options with greater lengths or required haul 

roads result in greater costs and decreased 

efficiencies. 

- Good: Requires little supporting 

infrastructure due to optimization 

capacity inherent in dual-facility 

(i.e., probable shorter haul roads 

required). 

Poor: Requires some additional 

supporting infrastructure due to 

no optimization capacity of single 

facility (i.e., probable longer haul 

roads and distances required). 

6 Good 6 3 

5 Satisfactory 

4 Acceptable 

3 Poor 

2 Worst 

1 Unacceptable 

Construction, Operation, and Closure 

Complexity of construction NAG waste rock and overburden stockpile 

options with increased operational flexibility and 

simplicity are preferred due to decreased risk. 

- Moderately complex construction 

requirements due to two facilities 

being required; lower stockpile 

may have more challenging 

foundation conditions increasing 

construction complexity. 

Simple construction requirements 

due to single facility being 

required, and relatively simple 

foundation conditions. 

6 Simple / Least risk 2 6 

5 Less simple 

4 Neutral 

3 Minor complexities 

2 Moderate complexities 

1 Complex / Highest risk 

Operational flexibility and 

simplicity 

NAG waste rock and overburden stockpile 

options with increased operational flexibility and 

simplicity are preferred due to decreased risk. 

- Spilt design is optimal for 

simplification and flexibility of 

operations. Provides greater 

flexibility for phased approach in 

mining development by providing 

more space for the low and high 

grade ore stockpiles. 

Single NAG facility design is less 

flexible and minor complexities 

for operations. Does not provide 

flexibility for a phased approach 

in mining development and 

limited space for the low and high 

grade ore stockpiles. 

6 Simple / Least risk 6 3 

5 Less simple 

4 Neutral 

3 Minor complexities 

2 Moderate complexities 

1 Complex / Highest risk 
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BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

ATTACHMENT A: MULTIPLE ACCOUNTS ANALYSIS LEDGER 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Scale Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Closure risk NAG waste rock and overburden stockpile 

options that allow for progressive reclamation 

and closure are preferred due to decreased risk. 

- Split design allows for progressive 

reclamation earlier in operations 

and into closure with a lower risk 

at closure. 

Progressive reclamation can be 

completed but later in operations 

and closure. 

6 Good 6 3 

5 Satisfactory 

4 Acceptable 

3 Poor 

2 Worst 

1 Unacceptable 

Note: Dashes indicate qualitative value. 
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BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

ATTACHMENT A: MULTIPLE ACCOUNTS ANALYSIS LEDGER 

MAA LEDGER: ENVIRONMENT ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Scale Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Air Quality 

Vehicle emissions NAG waste rock and overburden stockpile 

options with shorter waste haulage 

distances are preferred due to lower 

vehicle emissions. 

- Optimization of waste haulage 

possible; waste streams are split to 

decrease uphill haulage distances. 

Optimization of waste haulage 

not possible because it is a 

single stockpile and therefore 

there will be greater haul 

distances. 

6 Lowest vehicle emissions; optimization of waste 

haulage possible 

6 1 

  

  

  

  

1 Highest vehicle emissions; optimization of waste 

haulage not possible 

Fugitive dust NAG waste rock and overburden stockpile 

options with lower potential for fugitive dust 

emissions are preferred. 

- To minimize fugitive dust, a 

terraced-design would be 

incorporated into both the upper 

and the lower stockpile design, and 

air quality effects from this 

configuration are expected to be 

not significant. 

The design does not include 

terracing therefor the pile will 

be taller and greater potential 

for fugitive dust emissions 

than the two stockpile 

terraced option. 

6 Terraced design 6 3 

5 Dump height < 100 m and slopes < 50% 

4 Dump height from 100 to 120 m and dump 

slopes < 50% 

3 Dump height from 120 to 140 m and dump 

slopes < 50% 

2 Dump height from 140 to 160 m and dump 

slopes > 50% 

1 Dump height > 160 m and dump slopes > 50% 

Surface Water 

Surface water quality NAG waste rock and overburden stockpile 

options with lower impacts to surface water 

quality are preferred. 

- Low potential impacts: Minimal 

effects to surface water quality in 

the receiving environment; surface 

water from the upper and lower 

stockpile reports to TSF via gravity 

or pumped flow; some effects to 

Creek 704454 may occur although 

these effects will be negligible as 

only the lowest ML potential 

material will be stored in 

upper stockpile. 

Moderate potential impacts: 

All surface water runoff is will 

be pumped or allowed to 

gravity flow to the TSF. 

If seepage and runoff is not 

captured there is potential for 

poor quality water to enter 

Creek 704454. 

6 Low potential impacts to surface water quality in 

receiving environment 

6 4 

5 Low-moderate potential impacts to surface water 

quality in receiving environment 

4 Moderate potential impacts to surface water 

quality in receiving environment 

3 Moderate - high potential impacts to surface 

water quality in receiving environment 

2 High potential impacts to surface water quality in 

receiving environment 

1 Extreme potential impacts to surface water 

quality in receiving environment 
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BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

ATTACHMENT A: MULTIPLE ACCOUNTS ANALYSIS LEDGER 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Scale Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Terrestrial Ecosystems 

Loss and risk to wetlands NAG waste rock and overburden stockpile 

options with lower impacts to wetland 

ecosystems are preferred due to their high 

contribution to both aquatic biodiversity 

and terrestrial biodiversity. 

Area (ha) 7 ha overlap with mapped wetlands 49 ha overlap with mapped 

wetlands 

6 < 7 ha overlap with rare ecosystems 5 1 

5 7 ha to 17 ha overlap with rare ecosystems 

4 18 ha to 27 ha overlap with rare ecosystems 

3 28 ha to 37 ha overlap with rare ecosystems 

2 38 ha to 47 ha overlap with rare ecosystems 

1 > 47 ha overlap with rare ecosystems 

Fish, Fish Habitat, and Aquatic Resources 

Stream length affected NAG waste rock and overburden stockpile 

options that overlap fewer streams are 

preferred due to lower potential impacts to 

aquatic habitat.  

Length (km) 1.4 km of streams (1.4 km Upper 

and 0 km Lower Stockpile) 

4.3 km of streams 6 < 1.4 km overlap with streams 5 2 

5 1.4 to 2.1 km overlap with streams 

4 2.2 to 2.9 km overlap with streams 

3 3.0 to 3.6 km overlap with streams 

2 3.7 to 4.3 km overlap with streams 

1 > 4.3 km overlap with streams 

Fish habitat lost NAG waste rock and overburden stockpile 

options that create less fish habitat loss 

are preferred due to lower mine related 

impacts to fish habitat and lower 

requirements for habitat compensation. 

Area (ha) 0.23 ha (0.23 ha Upper and 0 ha 

Lower Stockpile) 

0.68 ha 6 < 0.23 ha of fish habitat 5 1 

5 0.23 to 0.34 ha of fish habitat 

4 0.35 to 0.45 ha of fish habitat 

3 0.46 to 0.57 ha of fish habitat 

2 0.57 to 0.67 ha of fish habitat 

1 > 0.67 ha of fish habitat 

Note: Dashes indicate qualitative value. 
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BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

ATTACHMENT A: MULTIPLE ACCOUNTS ANALYSIS LEDGER 

MAA LEDGER: ECONOMIC ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Scale Candidate 1 

(Upper and Lower) 

Candidate 2 

(West) 

Proponent Costs 

Initial capital cost Lower capital costs are preferred. Cost ($) High capital cost by the need to prepare 

two stockpiles. 

Low capital costs as a result of the single 

stockpile option. 

6 Minimal capital costs 1 5 

5 Low capital costs 

4 Moderate-low capital costs 

3 Moderate capital costs 

2 Moderate-high capital costs 

1 High capital costs 

Sustaining capital and 

operating costs 

Lower operational costs are 

preferred. 

Cost ($) Low operational costs due to capacity for 

optimization of waste placement, decrease in 

uphill haulage distances, minimizing the risk 

of any schedule delays, minimizes 

engineering costs associated with stockpile 

stabilization, and provides easier access to 

construction materials. 

High operational costs due uphill haulage 

increases operational costs, increases the 

risk of any schedule delays, increases 

engineering costs associated with stockpile 

stabilization, and does not provide easy 

access to construction materials. 

6 Minimal operational costs 5 1 

5 Low operational costs 

4 Moderate-low operational costs 

3 Moderate operational costs 

2 Moderate-high operational costs 

1 High operational costs 

Closure cost Lower closure costs are preferred. Cost ($) High closure costs due to need to close two 

stockpiles required. Progressive reclamation 

of the upper stockpile can be progressively 

reclaimed and closed earlier to reduce 

engineering risks and associated costs. 

Moderate to low closure costs due to later 

start of progressive reclamation and closure 

(relative to the dual stockpile option); 

closure of one facility required. 

6 Minimal closure costs 1 4 

5 Low closure costs 

4 Moderate-low closure costs 

3 Moderate closure costs 

2 Moderate-high closure costs 

1 High closure costs 

Fish habitat offsetting 

costs 

Lower fish habitat compensation 

costs are preferred. 

Cost ($) $200,000 $620,000 6 No habitat compensation required 4 1 

5 < $200,000 

4 $200,000 to $300,000 

3 $300,001 to $400,000 

2 $400,001 to $500,000 

1 > $500,000 

 



  
 

 

www.erm.com Version: C.1 Project No.: 0575928 Client: BW Gold LTD. February 2021 

BLACKWATER GOLD PROJECT 
Non-Acid Generating Waste Rock and Overburden Disposal 
Alternatives Assessment 

 

 

ATTACHMENT B QUANTITATIVE ANALYSIS – BASE CASE AND 
SENSITIVITY SCENARIOS 

Attachment B-1 Base Case Scenario Results 

Attachment B-2 Scenario 1 Sensitivity Analysis Results 

Attachment B-3 Scenario 2 Sensitivity Analysis Results 



Attachment B-1: Base Case Scenario Results

1 Physical characterization of wastes 6 6 36 1 6
1 Expansion potential 3 6 18 1 3

Sub-account merit score  (∑(SxW)) 54 9
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 1.00

2 Waste haulage distance 3 6 18 3 9
Sub-account merit score  (∑(SxW)) 18 9

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 3.00
4 Complexity of construction 6 2 12 6 36
4 Operational flexibility and complexity 6 6 36 3 18
4 Closure risk 1 6 6 3 3

Sub-account merit score  (∑(SxW)) 54 57
Sub-account merit rating (RS=∑(SxW)/∑W) 4.15 4.38

3 6.00 18.00 1.00 3.00
1 6.00 6.00 3.00 3.00
6 4.15 24.92 4.38 26.31

Account merit score (Σ{Rs × W}) 48.92 32.31
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.89 3.23

Indicator 
Value
 (S)

Sub-account

Candidate 1 Candidate 2
Indicator 

Merit Score 
(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Quantitative analysis for indicators related to Technical Account

ID

BLACKWATER GOLD PROJECT

Indicator Indicator Weight (W)

Te
ch

ni
ca

l

Supporting 
Infrastructure

Construction, 
Operation, and 

Closure

Stockpile 
Characteristics

Account

Quantitative analysis for sub-accounts related to Technical Account

Account Sub-account

Candidate 1 Candidate 2

Stockpile Characteristics
Supporting Infrastructure

Te
ch

ni
ca

l

Construction, Operation, and Closure

Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)
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Attachment B-1: Base Case Scenario Results
BLACKWATER GOLD PROJECT

1 Vehicle emissions 3 6 18 1 3
1 Fugitive Dust 6 6 36 3 18

Sub-account merit score  (∑(SxW)) 54 21
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 2.33

2 Surface water quality 3 6 18 4 12
Sub-account merit score  (∑(SxW)) 18 12

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00
4 Loss and risk to wetlands 3 5 15 1 3

Sub-account merit score  (∑(SxW)) 15 3
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.00

5 Stream length affected 2 5 10 2 4
5 Fish habitat lost 6 5 30 1 6

Sub-account merit score  (∑(SxW)) 40 10
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.25

4 6.00 24.00 2.33 9.33
4 6.00 24.00 4.00 16.00
1 5.00 5.00 1.00 1.00
6 5.00 30.00 1.25 7.50

Account merit score (Σ{Rs × W}) 83.00 33.83
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.53 2.26

Account
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Surface Water

ID

Sub-account

Sub-account

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Surface Water

Indicator 
Value
 (S)

Candidate 2Candidate 1Quantitative analysis for indicators related to Environment Account

Indicator Indicator Weight (W)Account

Quantitative analysis for sub-accounts related to Environment Account Candidate 1 Candidate 2

Sub-account Weight (W)

En
vi

ro
nm

en
t

Terrestrial 
Ecosystems

Fish and Aquatic 
Habitat

Air Quality

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

En
vi

ro
nm

en
t Air Quality

Terrestrial Ecosystems
Fish and Aquatic Habitat
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Attachment B-1: Base Case Scenario Results
BLACKWATER GOLD PROJECT

1 NA 3

Sub-account merit score  (∑(SxW))
Sub-account merit rating (RS=∑(SxW)/∑W) 0.00 0.00

3 0.00 0.00 0.00 0.00

Account merit score (Σ{Rs × W}) 0.00 0.00
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 0.00 0.00

ID Indicator Indicator Weight (W)

Quantitative analysis for sub-accounts related to Socio-economical Account

So
ci

o-
ec

on
om

ic NA

So
ci

o-
ec

on
om

ic

NA

Quantitative analysis for indicators related to Socio-economical Account Candidate 1 Candidate 2

Account Sub-account
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Candidate 1 Candidate 2

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)
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Attachment B-1: Base Case Scenario Results
BLACKWATER GOLD PROJECT

1 Initial capital cost 3 1 3 5 15
1 Sustaining capital and operating costs 3 5 15 1 3
1 Closure cost 3 1 3 4 12
1 Fish habitat offsetting costs 3 4 12 1 3

Sub-account merit score  (∑(SxW)) 33 33
Sub-account merit rating (RS=∑(SxW)/∑W) 2.75 2.75

3 2.75 8.25 2.75 8.25

Account merit score (Σ{Rs × W}) 8.25 8.25
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 2.75 2.75

3 4.89 14.68 3.23 9.69
6 5.53 33.20 2.26 13.53

0.00 0.00 0.00 0.00
1.5 2.75 4.13 2.75 4.13

Alternative merit score (Σ{Ra × W}) 52.00 27.35
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.95 2.60

Ec
on

om
ic

Quantitative analysis for sub-accounts related to Economical Account

Sub-account Weight (W)

Proponent Costs

Sub-accountAccount

Account

Environment
Technical

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Candidate 2
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Candidate 1

Economic

Quantitative analysis for accounts Candidate 1 Candidate 2

Quantitative analysis for indicators related to Economical Account Candidate 1 Candidate 2

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Ec
on

om
ic

Proponent Costs

Socio-economic

Account Weight (W)
Account 

Merit Rating 
(Ra)

Account 
Merit Score 

(Ra × W)

Account 
Merit Rating 

(Ra)

Account 
Merit Score 

(Ra × W)
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Attachment B-2: Scenario 1 Sensitivity Analysis Results

1 Physical characterization of wastes 6 6 36 1 6
1 Expansion potential 3 6 18 1 3

Sub-account merit score  (∑(SxW)) 54 9
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 1.00

2 Waste haulage distance 3 6 18 3 9
Sub-account merit score  (∑(SxW)) 18 9

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 3.00
4 Complexity of construction 6 2 12 6 36
4 Operational flexibility and complexity 6 6 36 3 18
4 Closure risk 1 6 6 3 3

Sub-account merit score  (∑(SxW)) 54 57
Sub-account merit rating (RS=∑(SxW)/∑W) 4.15 4.38

3 6.00 18.00 1.00 3.00
1 6.00 6.00 3.00 3.00
6 4.15 24.92 4.38 26.31

Account merit score (Σ{Rs × W}) 48.92 32.31
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.89 3.23

BLACKWATER GOLD PROJECT

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Te
ch

ni
ca

l

Stockpile 
Characteristics

Supporting 
Infrastructure

Construction, 
Operation, and 

Closure

Quantitative analysis for indicators related to Technical Account Candidate 1 Candidate 2

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Te
ch

ni
ca

l Stockpile Characteristics
Supporting Infrastructure

Construction, Operation, and Closure

Quantitative analysis for sub-accounts related to Technical Account Candidate 1 Candidate 2

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)
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Attachment B-2: Scenario 1 Sensitivity Analysis Results
BLACKWATER GOLD PROJECT

1 Vehicle emissions 3 6 18 1 3
1 Fugitive Dust 6 6 36 3 18

Sub-account merit score  (∑(SxW)) 54 21
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 2.33

2 Surface water quality 3 6 18 4 12
Sub-account merit score  (∑(SxW)) 18 12

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00
4 Loss and risk to wetlands 3 5 15 1 3

Sub-account merit score  (∑(SxW)) 15 3
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.00

5 Stream length affected 2 5 10 2 4
5 Fish habitat lost 6 5 30 1 6

Sub-account merit score  (∑(SxW)) 40 10
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.25

4 6.00 24.00 2.33 9.33
4 6.00 24.00 4.00 16.00
1 5.00 5.00 1.00 1.00
6 5.00 30.00 1.25 7.50

Account merit score (Σ{Rs × W}) 83.00 33.83
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.53 2.26

Quantitative analysis for indicators related to Environment Account Candidate 1 Candidate 2

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Candidate 2

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

En
vi

ro
nm

en
t

Air Quality

Surface Water

Terrestrial 
Ecosystems

Fish and Aquatic 
Habitat

En
vi

ro
nm

en
t Air Quality

Surface Water
Terrestrial Ecosystems

Fish and Aquatic Habitat

Quantitative analysis for sub-accounts related to Environment Account Candidate 1
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Attachment B-2: Scenario 1 Sensitivity Analysis Results
BLACKWATER GOLD PROJECT

1 NA 3

Sub-account merit score  (∑(SxW))
Sub-account merit rating (RS=∑(SxW)/∑W) 0.00 0.00

3 0.00 0.00 0.00 0.00

Account merit score (Σ{Rs × W}) 0.00 0.00
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 0.00 0.00

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

So
ci

o-
ec

on
om

ic

NA

Quantitative analysis for sub-accounts related to Socio-economical Account Candidate 1 Candidate 2

Quantitative analysis for indicators related to Socio-economical Account Candidate 1 Candidate 2

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Sub-account 
Merit Score 

(Rs × W)

So
ci

o-
ec

on
om

ic NA

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)
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Attachment B-2: Scenario 1 Sensitivity Analysis Results
BLACKWATER GOLD PROJECT

1 Initial capital cost 3 1 3 5 15
1 Sustaining capital and operating costs 3 5 15 1 3
1 Closure cost 3 1 3 4 12
1 Fish habitat offsetting costs 3 4 12 1 3

Sub-account merit score  (∑(SxW)) 33 33
Sub-account merit rating (RS=∑(SxW)/∑W) 2.75 2.75

3 2.75 8.25 2.75 8.25

Account merit score (Σ{Rs × W}) 8.25 8.25
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 2.75 2.75

3 4.89 14.68 3.23 9.69
3 5.53 16.60 2.26 6.77

0.00 0.00 0.00 0.00
3 2.75 8.25 2.75 8.25

Alternative merit score (Σ{Ra × W}) 39.53 24.71
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.39 2.75

Quantitative analysis for indicators related to Economical Account Candidate 1 Candidate 2
Indicator 

Merit Score 
(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Ec
on

om
ic

Proponent Costs

Quantitative analysis for sub-accounts related to Economical Account Candidate 1 Candidate 2

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Account 
Merit Score 

(Ra × W)

Sub-account 
Merit Score 

(Rs × W)

Ec
on

om
ic

Proponent Costs

Quantitative analysis for accounts Candidate 1 Candidate 2

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Technical
Environment

Socio-economic
Economic

Account Account Weight (W)
Account 

Merit Rating 
(Ra)

Account 
Merit Score 

(Ra × W)

Account 
Merit Rating 

(Ra)
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Attachment B-3: Scenario 2 Sensitivity Analysis Results

1 Physical characterization of wastes 6 6 36 1 6
1 Expansion potential 3 6 18 1 3

Sub-account merit score  (∑(SxW)) 54 9
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 1.00

2 Waste haulage distance 3 6 18 3 9
Sub-account merit score  (∑(SxW)) 18 9

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 3.00
4 Complexity of construction 6 2 12 6 36
4 Operational flexibility and complexity 6 6 36 3 18
4 Closure risk 6 0 3 0

Sub-account merit score  (∑(SxW)) 48 54
Sub-account merit rating (RS=∑(SxW)/∑W) 4.00 4.50

3 6.00 18.00 1.00 3.00
1 6.00 6.00 3.00 3.00
6 4.00 24.00 4.50 27.00

Account merit score (Σ{Rs × W}) 48.00 33.00
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.80 3.30

BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Technical Account Candidate 1 Candidate 2

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Te
ch

ni
ca

l

Stockpile 
Characteristics

Supporting 
Infrastructure

Construction, 
Operation, and 

Closure

Te
ch

ni
ca

l Stockpile Characteristics
Supporting Infrastructure

Construction, Operation, and Closure

Quantitative analysis for sub-accounts related to Technical Account Candidate 1 Candidate 2

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)
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Attachment B-3: Scenario 2 Sensitivity Analysis Results
BLACKWATER GOLD PROJECT

1 Vehicle emissions 3 6 18 1 3
1 Fugitive Dust 6 6 36 3 18

Sub-account merit score  (∑(SxW)) 54 21
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 2.33

2 Surface water quality 3 6 18 4 12
Sub-account merit score  (∑(SxW)) 18 12

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00
4 Loss and risk to wetlands 3 5 15 1 3

Sub-account merit score  (∑(SxW)) 15 3
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.00

5 Stream length affected 5 0 2 0
5 Fish habitat lost 6 5 30 1 6

Sub-account merit score  (∑(SxW)) 30 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.00

4 6.00 24.00 2.33 9.33
6.00 0.00 4.00 0.00

1 5.00 5.00 1.00 1.00
6 5.00 30.00 1.00 6.00

Account merit score (Σ{Rs × W}) 59.00 16.33
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.36 1.48
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Quantitative analysis for indicators related to Environment Account Candidate 1 Candidate 2
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Attachment B-3: Scenario 2 Sensitivity Analysis Results
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1 NA 3

Sub-account merit score  (∑(SxW))
Sub-account merit rating (RS=∑(SxW)/∑W) 0.00 0.00

3 0.00 0.00 0.00 0.00

Account merit score (Σ{Rs × W}) 0.00 0.00
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 0.00 0.00
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Attachment B-3: Scenario 2 Sensitivity Analysis Results
BLACKWATER GOLD PROJECT

1 Initial capital cost 3 1 3 5 15
1 Sustaining capital and operating costs 3 5 15 1 3
1 Closure cost 3 1 3 4 12
1 Fish habitat offsetting costs 3 4 12 1 3

Sub-account merit score  (∑(SxW)) 33 33
Sub-account merit rating (RS=∑(SxW)/∑W) 2.75 2.75

3 2.75 8.25 2.75 8.25

Account merit score (Σ{Rs × W}) 8.25 8.25
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 2.75 2.75

3 4.80 14.40 3.30 9.90
6 5.36 32.18 1.48 8.91

0.00 0.00 0.00 0.00
1.5 2.75 4.13 2.75 4.13

Alternative merit score (Σ{Ra × W}) 50.71 22.93
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.83 2.18

Quantitative analysis for indicators related to Economical Account Candidate 1 Candidate 2
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INTRODUCTION 

1. INTRODUCTION 

1.1 Report Purpose 

This report is an appendix to the Tailing Storage Facility (TSF) alternatives assessment for the Blackwater 

Gold Project (the Project), which identified TSF Candidate 1 as the preferred alternative (Figure 1.1-1). 

It assesses alternative low grade ore stockpile locations, which are anticipated to overprint fish-bearing 

waters.  

An alternative assessment of the low grade ore was previously completed in the ‘Assessment of 

Alternatives for the Blackwater Gold Project Tailings Storage Facility’ (ERM 2015). This report was 

submitted with the Project’s Application for an Environmental Assessment Certificate/Environmental 

Impact Statement (Application/EIS; New Gold 2015). Since the issuance of the Environmental 

Assessment (EA) Decision Statement and EA Certificate #M19-01 in 2019, a pre-feasibility study was 

released in August 2020 that resulted in minor changes to the mine plan including the location of the low 

grade ore stockpile and the segregation of the low grade ore stockpile into higher and lower grades to 

facilitate more efficient re-handling (Artemis 2020). For the purposes of this report, the low grade ore 

stockpiles are denoted as the high grade ore stockpile and low grade ore stockpile. 

1.2 Structure of this Report 

The report has been prepared in accordance with Environment and Climate Change Canada (ECCC) 

Guidelines for the Assessment of Alternatives for Mine Waste Disposal (hereafter referred to as the 

ECCC Guidelines; ECCC 2016). Information required in the Guidelines are provided in the Assessment 

of Alternatives for the Blackwater Gold Project for Mine Waste Disposal (hereafter referred to as the 

Main Report): 

 Project Proponent (Section 1.3 of the Main Report); 

 Project Location and Description (Section 2 of the Main Report); 

 Regulatory Context and Description of ECCC Guidelines for the Assessment of Alternatives (Sections 

3.1 and 3.2 of the Main Report); 

 Engagement (Section 3.3 of the Main Report); and 

 Project Setting (Section 4 of the Main Report). 

1.3 Low Grade Ore Economic Classification 

Low grade ore has been characterized into two categories: lower and higher grade based on the gold 

equivalent (AuEq). Low grade ore with a 0.24 g/t AuEq will be stored in the low grade ore stockpile. 

Low grade ore with a 0.50 g/t AuEq will be sent to the high grade ore stockpile. The stockpiled ore is 

planned to be re-handled back to the crusher during the mine life.  

Low grade ore is classified as potentially acid-generating (PAG) with a relatively short lag time, and the 

low grade ore stockpiles are expected to generate acidic drainage with elevated metals until the ore is 

processed. Therefore runoff from the stockpiles must be collected and treated. It was considered to be 

ideal to co-locate the piles to minimize project footprint and simplify stockpile runoff collection and 

treatment. The low grade ore stockpile will be placed on a compacted till liner with a drainage collection 

system. The drainage will be neutralized with lime prior to discharge to the TSF.  

The maximum volumes of high grade ore and low grade ore are 11.5 Million tonnes (Mt) and 111 Mt, 

respectively. The maximum volume of stored high grade ore will be reached in year 5 and will be 
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INTRODUCTION 

processed before the low grade ore stockpile reaches 111 Mt. The maximum amount of combined high 

grade ore and low grade ore at any one time is expected to be 111 Mt.  

1.4 Low Grade Ore Stockpile Design Objectives 

The primary design objective for the low grade ore stockpile is to: ensure protection of regional 

groundwater and surface water flows and quality; achieve effective reclamation of the stockpile pads at 

mine closure; and to minimize impacts to Indigenous interests and fish and fish habitat. The stockpiles will 

be designed to meet the Interim Guidelines of the BC Mine Waste Rock Pile Research Committee 

(Section 10.1.15 of the Code) and will take into account the following requirements: 

 Control, collection, and management of contact water from the waste rock storage facilities (WRSFs), 

TSF, and ore stockpiles during operations, for recycling as process water to the maximum practical 

extent; 

 Collection and diversion of non-contact water from upstream of the WRSFs, ore stockpiles, open pit 

and plant site, and direction to the TSF during operations for use in mill operations; 

 The inclusion of monitoring programs for all aspects of the facility to ensure performance goals are 

achieved and design criteria and assumptions are met; and 

 Staged development of the facilities over the mine life. 

In addition to the above, the location of the low grade ore stockpile is based on the prior selection of a 

TSF location and the NAG waste rock and overburden stockpiles’ location, such that the preferred 

locations for either is not available for the storage of low grade ore. 
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2. STEP 1: IDENTIFY CANDIDATE ALTERNATIVES 

Step 1 involves using threshold criteria, such as geographic, economic, or technical boundaries, to select 

initial candidate alternatives for locating low grade ore. The initial candidate alternatives are briefly 

described at a conceptual level to facilitate the next step, the pre-screening assessment, as per the 

ECCC Guidelines. 

The following threshold criterion was applied to determine potential locations for storing low grade ore: 

 Exclusion based on distance – A screening distance of 5 km from the open pit was applied to identify 

initial disposal sites. This distance is based on the cost of hauling ore to stockpiles. Any potential 

candidate that was not within a 5 km radius was not considered in this analysis. 

The feasibility of not stockpiling or temporarily stockpiling high or low grade ore was also considered as 

described below.  

No Low Grade Ore Stockpile  

The absence of a low grade ore stockpile was evaluated as a potential option. Without a stockpile, the 

low grade ore would either be processed as it was encountered (as opposed to stockpiled and processed 

later in the mine life) or treated as PAG waste. This option would impact the Project economics as either 

the lower grade ore would be processed in a manner that impairs project economics or not all ore would 

be processed, which would reduce the mine life and total gold recovery. The option of not having a low 

grade ore stockpile would also result in fewer employment and contracting benefits for Indigenous nations 

and local communities, and decrease government revenue. The option of not having an ore stockpile is 

uneconomic, and provides economic benefits over a shorter period of time and may contravene the Code. 

Temporary Low Grade Ore Stockpile  

Temporary storage of ore is an industry-wide practice to maximize the ore extracted from a deposit, and 

hence maximize a project’s value. It is particularly important for large tonnage, low grade deposits like 

Blackwater to maximize project economics. Segregating the low grade ore into higher and lower grades 

provides the opportunity to optimize sequencing of ore processing, improves project economics and 

preserves the value of the deposit by maximizing extraction of the resource.  

Wherever possible, it is desirable to stockpile ore as close to the open pit and process plant as possible 

to minimize haulage costs and to reduce the overall environmental footprint of the Project. This placement 

maximizes the probability of ore processing during the mine life rather than re-handling and disposing the 

ore in the TSF or open pit at the end of mining.  

Based on the threshold criteria (5 km screening distance), five initial candidate locations were identified 

(Figure 2-1). Candidate locations considered the preferred locations of the TSF and NAG waste rock and 

overburden stockpiles’ locations, such that the preferred locations for either is not available for the 

storage of low grade ore. General construction, operations, and closure considerations for the five 

candidates are presented in Table 2-1. 
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Table 2-1: Construction, Operation, and Closure Considerations for Low Grade Ore Stockpile Alternatives 

Ore Stockpile 

Candidate 

Construction Approach Operational Approach Closure Approach 

1: North of the 

Open Pit 

The stockpiles would be constructed to the immediate north of the 

open pit (Figure 2-1). The facility would be located entirely within the 

Davidson Creek drainage. The foundation would be constructed as 

follows: In Years 2 and 1, it would cover approximately 50% of the 

area; and the remaining 50% distributed in Years 2 and 4. The low 

grade ore stockpile would be developed over an engineered low-

permeability compacted till liner with surface water and seepage 

collection and monitoring systems. Foundation drains would be 

installed in the footprint area of the stockpile within existing drainage 

courses or in any areas of seepage encountered during topsoil 

stripping. The collection drain and foundation drains would report to 

their respective seepage sumps near the edge of the stockpile 

(Artemis 2020). 

Stockpiles would be built on 4 x 20 m 

lifts dumped out at angle of repose 

(1.3H:1V) with 3H:1V overall slope. 

Lower lifts would be re-sloped to an 

overall slope of 3:1 as they are 

completed to maintain stability until the 

stockpiled material is processed In the 

preproduction period the stockpile 

area would be split into higher- and 

lower-grade areas to allow higher-

grade ore to be fed to the process 

plant in the initial years of operations.  

Drainage from the stockpiles is 

expected to be acidic and contain 

elevated metals. Therefore the 

drainage would be collected, 

neutralized with lime from the mill, and 

discharged to the TSF.  

Low grade ore would be processed 

beginning in operations year 10. Any 

low grade ore not processed would be 

placed in the TSF and/or open pit, 

where the material would be 

submerged.  

At closure, ore would have been 

processed and the stockpile would no 

longer exist. Ore is expected to be 

acidic during the mine life. The 

compacted overburden liner under the 

stockpiles would be checked for metal 

contamination, and if contaminated, 

would be excavated and placed into 

the TSF or open pit. The drainage 

collection ditch and sump would be 

cleaned and material placed into the 

TSF or open pit. The area would be 

covered with 0.3 m of soil and 

revegetated.  
2: Northwest of 

the Open Pit 

The stockpile would be constructed northwest of the open pit and to 

the immediate east of the NAG and lower overburden stockpile, and 

to the immediate south of the TSF (Figure 2-1). The stockpile would 

be located entirely within the Davidson Creek drainage. Construction 

methods are similar to Candidate 1.  

3: Northeast of 

the Open Pit 

The stockpile would be constructed to the immediate northeast of the 

open pit (Figure 2-1). The stockpile would be located entirely within the 

Creek 661 drainage. Construction methods are similar to Candidate 1. 

4: Southeast of 

the Open Pit 

The stockpile would be constructed to the immediate southeast of the 

open pit (Figure 2-1). The stockpile would be located entirely within the 

Creek 661 drainage. Construction methods are similar to Candidate 1.  

5: Southwest of 

the Open Pit 

The stockpile would be constructed to the immediate southwest of the 

open pit and upper overburden stockpile (Figure 2-1). The stockpile 

would be located primarily within the Davidson Creek drainage, 

although overlap with the Blackwater watershed is possible. 

Construction methods are similar to Candidate 1. 

6: North of the 

TSF 

The stockpile would be constructed to the immediate north of the 

preferred TSF location (Figure 2-1). The stockpile would be located 

entirely within the Davidson Creek drainage. Construction methods 

are similar to Candidate 1. 

TSF = Tailings Storage Facility; NAG = Non-acid-generating. 
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3. STEP 2: PRE-SCREENING ASSESSMENT 

Step 2 of the alternatives assessment screens the candidate alternatives to create a set of appropriate, 

manageable, and sufficiently detailed alternatives. The objective of this step is to optimize the decision-making 

process by not evaluating alternatives that have critical flaws. Critical flaws are defined as un-mitigatable and 

unavoidable issues that are so unfavourable as to eliminate an alternative as a viable option. This step 

removes from further consideration the alternatives that are non-compliant with certain minimum specifications 

developed for the Project. 

3.1 Screening Criteria 

Candidates which provide a YES response to at least one of the following pre-screening criteria have 

deficiencies which warrant removal from further analysis: 

1. Will the low grade ore stockpile location preclude future exploration or mining of a potential resource? 

2. Is any part of the low grade ore stockpile management system using unproven technology? 

3. Does the low grade ore stockpile location have sufficient capacity to store the low grade ore produced 

during the mine life? 

4. Will the low grade ore stockpile management system result in negative life of project economics? 

5. Will the low grade ore stockpile be located partially within the Blackwater watershed? 

6. Will the low grade ore stockpile be located in Ungulate Winter Range? 

7. Will the low grade stockpile be located outside of the Davidson Creek watershed? 

Table 3.1-1 provides a summary of the application of these criteria to each candidate option. Rationale for 

selection of the criteria and which candidates meet the criteria are provided below. 

3.1.1 Will the low grade ore stockpile location preclude future exploration or 
mining of a potential resource? 

If the low grade ore stockpile were to preclude future exploration or mining of a potential resource, that 

candidate should be excluded from further assessment. Based upon exploration and condemnation 

drilling conducted to date, none of the low grade ore stockpile candidate alternatives lie above known 

economic mineral resources, and no options are excluded from further consideration based on this 

criterion. 

3.1.2 Is any part of the low grade stockpile management facility system using 
unproven technology? 

If any part of the low grade ore stockpile management system is based on unproven technology, this 

option may provide unmanageable engineering, economic, or environmental risks. All low grade ore 

stockpile candidate alternatives utilize well-established technologies, and no candidates are excluded 

from further consideration based on this criterion. 

3.1.3 Does the low grade ore stockpile location have sufficient capacity for 
storage of low grade ore produced during the mine life? 

If any low grade ore stockpile location has insufficient capacity for storage of low grade ore produced 

during the mine life (estimated total 111 Mt at maximum capacity), then this candidate may provide 

unmanageable engineering, economic, or environmental risks. All low grade ore stockpile candidates 
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considered have sufficient capacities to store the ore produced during the mine life, and no options are 

excluded from further consideration based on this criterion. 

3.1.4 Will the low grade ore stockpile management system result in negative 
life of project economics? 

Due to haulage costs, (estimated at $0.19/tonne per km), the low grade stockpile must be located as 

close as possible to the open pit and the process plant to be economically viable. Candidate 6 is located 

approximately 6 km from the open pit along proposed mine roads, and haulage and re-handling costs are 

estimated to be in the order of $100 million (M). Candidate 6 is therefore considered to be uneconomic, 

and is excluded from further consideration. 

3.1.5 Will the low grade ore stockpile be located partially within the 
Blackwater watershed? 

The Blackwater River is listed as a Heritage River under the BC Heritage Rivers System by the BC 

Ministry of Environment. The BC Heritage Rivers System showcases outstanding examples of a 

representative range of BC’s most important waterways. Heritage status gives these rivers a greater 

public profile and focus. Heritage Rivers represent the diversity of river landscapes in terms of their 

natural characteristics, their historical and cultural importance to the human story of the province, and the 

spectrum of recreational opportunities they support (BC MOE 2010).  

A Heritage River proclamation does not carry legal or regulatory power. Rather, the designation serves 

each river by (BC MOE 2010):  

 Providing a greater emphasis on river-related values during land-use planning processes; 

 Raising awareness of the importance of healthy river systems; 

 Helping to protect the special values of the river; and  

 Helping to build stronger public support for, and involvement in, stewardship of the river. 

BW Gold LTD. (BW Gold) respects the intended purpose of a Heritage River designation and has chosen 

not to develop any mine infrastructure within the Blackwater River drainage (AMEC 2012). Thus, if any 

portion of a low grade ore stockpile candidate lies within the Blackwater River drainage, then this option 

should be excluded from further consideration. Candidate 5 (southwest of the open pit) lies partially (or 

has the potential to lie partially) within this watershed (see Figure 2-1) and is therefore not considered 

further in this assessment. All other options are not located within this catchment area. 

3.1.6 Will the low grade ore stockpile be located in Ungulate Winter Range? 

Ungulate Winter Range (UWR) is defined as an area that contains habitat that is necessary to meet the 

winter habitat requirements of an ungulate species. Sections 9 and 12 of the Government Actions 

Regulation (BC Reg 582/2004) of the Forest and Range Practices Act (2002a) outline the regulatory 

authority for establishing an UWR. Ungulate Winter Range has legally established objectives and 

practices with which most commercial and industrial operations must be consistent.  

The Project area is adjacent to UWR #U-7-012, which is winter habitat used by the Tweedsmuir-Entiako 

Northern Caribou herd (Ecofor 2013). These Northern Caribou are listed on Schedule 1 of the Canadian 

Species at Risk Act (2002b) as Threatened.  
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Table 3.1-1: Results of the Pre-Screening Assessment 

Pre-Screening Criteria Rationale Candidate 

1 

Candidate 

2 

Candidate 

3 

Candidate 

4 

Candidate 

5 

Candidate 

6 

Will the low grade ore stockpile 

location preclude future mining 

exploration or extraction of a 

potential deposit? 

If a stockpile interferes with future exploration 

or mining of resources the alternative should 

be excluded from further consideration. 

NO NO NO NO NO NO 

Is any part of the low grade 

ore stockpile management 

facility system using unproven 

technology? 

If a specific deposition method has no 

precedent of being successfully implemented, 

then it could justifiably be argued that the 

alternative should be excluded from further 

consideration. 

NO NO NO NO NO NO 

Does the low grade ore 

stockpile location have 

sufficient capacity for storage 

of low grade ore produced 

during the mine life? 

If a stockpile does not have sufficient capacity 

to store the entire mine-life low grade ore, then 

it could justifiably be argued on economic 

grounds that the alternative should be excluded 

from further consideration. 

NO NO NO NO NO NO 

Will the low grade ore 

stockpile management system 

result in negative life of project 

economics? 

If a specific deposition method requires long 

haul distances, then it could justifiably be 

argued on economic grounds that the 

alternative should be excluded from further 

consideration. 

NO NO NO NO NO YES 

Will the low grade ore 

stockpile be located partially 

within the Blackwater 

watershed? 

If a stockpile impacts the watershed of the 

Blackwater River, a heritage river, the 

alternative should be excluded from further 

consideration. 

NO NO NO NO YES NO 

Will the low grade ore 

stockpile be located in 

Ungulate Winter Range? 

If a stockpile overlaps Mt. Davidson HE-UWR 

for Northern Caribou, the alternative should be 

excluded from further consideration. 

NO NO NO NO YES NO 

Will the low grade ore 

stockpile be contained outside 

of the Davidson Creek 

watershed? 

If a stockpile is located outside of the Davidson 

Creek watershed, then the alternative should 

be excluded from further consideration 

NO NO YES YES NO NO 

Should the alternative be assessed further? YES YES NO NO NO NO 

HE-UWR = High Elevation Ungulate Winter Range. 
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The legal direction for the Tweedsmuir-Entiako Northern Caribou herd is provided by Order – UWR-#U-7-012 

dated December 30, 2005 (the Order). Mineral exploration and development activities are exempt from 

requirements to manage Northern Caribou through Section 6 of the Order: 

[T]he general wildlife measures outlined in Schedule 1 do not apply for the purposes 

of exploration, development and production activities when these activities have been 

authorized for the purpose of subsurface resource exploration, development or 

production by the Mineral Tenure Act, the Coal Act, the Mines Act, the Petroleum and 

Natural Gas Act, the Pipeline Act or the Geothermal Resources Act. 

In concordance with the Northern Caribou Management Plan (Ecofor 2013) any low grade ore stockpile 

candidates that overlap with Mt. Davidson HE-UWR will be excluded from further consideration. 

Candidate 5 may overlap this HE-UWR (Figure 2-1), and is therefore excluded from further consideration 

based on this criterion. 

3.1.7 Will the low grade ore stockpile be located outside of the Davidson 
Creek watershed? 

The material to be stored within the low grade ore stockpile will be Metal Leaching/Acid Rock Drainage 

(ML/ARD) and pose a risk to the receiving environment if not properly contained. The most efficient and 

effective way to treat and contain contact water would be through gravity feed to the plant site for lime 

addition, with eventual discharge to the TSF with the tailings. Moreover, to minimize the risk to the 

environment, while not expected, any runoff or seepage inadvertently not collected from the low grade ore 

stockpile should flow by gravity to the TSF. This is not possible unless the low grade ore stockpile is 

located within the same watershed and upslope of the TSF; i.e., the upper Davidson Creek watershed. 

Locating waste outside of the Creek 661 watershed was a request made during the technical review of 

the Application/EIS to eliminate the corresponding potential impacts to streamflow in Creek 661, and 

reduce the disturbance in the Creek 661 watershed. Thus candidates located outside of the Davidson 

Creek watershed are considered fatally flawed. Candidates 3 and 4 are located within the Creek 661 

drainage and are therefore excluded from further consideration based on this criterion. 

3.2 Pre-Screening Results 

The results of the pre-screening assessments are summarized in Table 3.1-1. The pre-screening analysis 

rejected Candidate 6 because it was considered uneconomical and Candidates 3, 4, and 5 were rejected 

as they don’t pass the Blackwater or Davidson Creek watershed pre-screening criteria. The two remaining 

candidate alternatives deemed acceptable for further characterization and assessment are: 

 Candidate 1: North of the Open Pit; and 

 Candidate 2: Northwest of the Open Pit. 
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4. STEP 3: ALTERNATIVES CHARACTERIZATION 

Two alternatives remain for characterization (Candidate 1 and Candidate 2). Both candidate alternatives 

are located in the same general area (which would already be disturbed by the mine site) and utilize the 

same technology for their construction, operation, and closure therefore a full alternative characterization 

of the alternatives’ environmental, technical, and socio-economic considerations is not deemed to be 

necessary. The following are considered to be the most differentiating among the alternatives: 

Technical 

 General site conditions. 

 Ease of water treatment. 

Environmental 

 Overall mine site footprint. 

Socio-economic 

 None; although socio-economic considerations exist within the footprints of the two low grade ore 

stockpile candidates, these areas would be isolated and impacted by other mine infrastructure and 

activities, and negligible incremental changes to the socio-economic environment are expected to 

occur from these stockpiles.  

Project Economics 

 Haulage costs. 

4.1 Detailed Descriptions 

4.1.1 Candidate 1: North of the Open Pit 

The Candidate 1 low grade ore stockpile location is to the immediate north of the open pit (Figure 2-1). 

A detailed description of the construction, operation, and closure considerations for this candidate 

alternative are provided in Table 2-1. 

4.1.1.1 Technical 

The general site conditions for the Candidate 1 footprint is appropriate for the construction, operation and 

closure of the stockpiles. This site would be optimal for location of the low grade ore stockpile because it 

would be isolated from the surrounding environment by existing mine infrastructure (open pit, overburden 

stockpile, construction laydown, and plant site). The average slope of the site is relatively flat, and the 

foundation conditions are considered to be appropriate for the construction, operation, and closure of the 

stockpiles. 

The low grade ore stockpile would generate ML/ARD runoff over the life of the mine, therefore safe and 

effective treatment of that runoff is essential to meeting Metal and Diamond Mining Effluent Regulations 

(MDMER) and other regulatory requirements. The low grade ore stockpile would be situated uphill and in 

close proximity to the processing plant, so any runoff would report to the mill by gravity feed for treatment 

and the chances of accidental release into the environment would be minimal as the site is within the 

secondary containment of the TSF. 



  
 

www.erm.com Version: C.1 Project No.: 0575928 Client: BW Gold LTD. February 2021          Page 12 

BLACKWATER GOLD PROJECT 
Low Grade Ore Stockpile Alternatives Assessment 

STEP 3: ALTERNATIVES CHARACTERIZATION 

4.1.1.2 Environment Characterization 

AMEC (2012) has published Environmental Design Criteria (EDC), one of which is the clustering of the 

facilities in the mine site. `Clustering’ of Project facilities minimizes the overall footprint of the Project and 

ensures that the mine waste management facilities such as the TSF, waste rock dumps, and the low 

grade ore is located in close proximity to the open pit and within the same or adjacent sub-drainages. 

The location of the Candidate 1 low grade ore stockpile meets the EDC as this candidate would disturb 

land that already provides fragmented habitat. Approximately 6.4 linear km or 1.1 ha of instream fish 

habitat is overprinted by the footprint of the low grade ore stockpile, although this habitat would become 

isolated from downstream reaches upon construction of the TSF Main Dam. Thus, these stream reaches 

would become non-fish bearing with or without the low grade ore stockpile.  

4.1.1.3 Economic Characterization 

The primary economic differentiator among the low grade ore stockpile candidates is the haulage and 

re-handling associated with transporting the ore to the stockpile and returning it to the plant for processing. 

Thus, the proximity of the low grade ore stockpile to the open pit and the plant site would drive the overall 

economic considerations of the alternatives. 

The approximate distance from the centre of the pit to the centre of the Candidate 1 low grade stockpile is 

1 km, and the approximate distance from the centre of the Candidate 1 stockpile to the plant site is 

2.5 km. These haulage distances would primarily be downhill, minimizing the fuel costs associated with 

hauling ore. Predicted haulage costs for the Project are estimated to be $0.19/t/km; haulage costs 

specific to Candidate 1 low grade ore stockpile is estimated to be about $50M. 

4.1.2 Candidate 2: Northwest of the Open Pit 

The Candidate 2 low grade ore stockpile location is to the northwest of the open pit (Figure 2-1). 

A description of the construction, operation, and closure considerations surrounding this candidate 

alternative is provided in Table 2-1. 

4.1.2.1 Technical 

The general site conditions for Candidate 2 (northwest of the open pit) would be considered to be 

appropriate for construction, operation, and closure of the stockpile. This site would be less optimal than 

the location of Candidate 1 stockpile because the overprinted area would be less isolated from the 

surrounding environment by existing mine infrastructure (TSF, open pit, waste rock and overburden 

stockpiles, and construction laydown). The average slope of the site is steeper, although the foundation 

conditions are considered to be appropriate for the construction, operation, and closure of the low grade 

ore stockpile. The steepness of the slope would make liner construction challenging. 

Given the steepness of the terrain and proximity to the lower NAG waste rock and overburden stockpile 

and TSF, the footprint of Candidate 2 might encroach on the footprint of either of the facilities. 

As the low grade ore stockpile would generate ML/ARD runoff over the life of the mine, safe and effective 

treatment of that runoff is essential to meeting MDMER and other regulatory requirements. The Candidate 2 

stockpile is situated uphill but at a greater distance to the plant than Candidate 1 (but adjacent to the TSF), 

therefore any runoff would report to the TSF by gravity feed. As a result of its proximity there is a potential 

for the runoff to be released lakes 01682LNRS and 01538UEUT in an untreated form. 
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4.1.2.2 Environment Characterization 

The location of the Candidate 2 low grade ore stockpile is less compatible with the AMEC (2012) EDC 

because it overprints land that would be relatively undisturbed by Project infrastructure compared to 

Candidate 1 (see Figure 2-1). Approximately 1.1 linear km of fish habitat are overprinted by the footprint 

of the Candidate 2 low grade ore stockpile, although this habitat would become isolated from downstream 

reaches once the TSF is constructed. Thus, these stream reaches would become non-fish bearing with or 

without the low grade ore stockpile. 

4.1.2.3 Economic Characterization 

The primary economic differentiator among low grade ore stockpile alternatives would be the haulage and 

re-handling associated with transporting the ore to the stockpile and returning it to the plant for 

processing. Thus, the proximity of the low grade ore stockpile to the open pit and the plant site would 

drive the overall economic considerations of the alternatives. 

The approximate distance from the centre of the pit to the centre of Candidate 2 low grade ore stockpile is 

2 km, and the approximate distance from the centre of the Candidate 2 low grade ore stockpile to the 

plant site is 4 km. As a portion of the haulage would be two-way along the same route, more uphill 

haulage would be expected for this option as compared to the Candidate 1, increasing the fuel costs 

associated with hauling ore. Haulage costs for the Project are estimated to be $0.19/t/km; conservative 

(straight-line) haulage costs specific to Candidate 2 are estimated to be approximately $80 M. 
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5. COMPARISON OF ALTERNATIVES 

The two low grade ore stockpile candidate alternatives are compared below for the characterization 

criteria described in Section 4: 

Technical 

 General site conditions – the general site conditions are preferable for Candidate 1 as the underlying 

topography is gentler (i.e., less steep) and agreeable to construction of a liner and seepage collection 

system. 

 Ease of water treatment – the ease of discharge water treatment is preferable for Candidate 1, as the 

low grade ore stockpile is closer to the plant site and there is much lower environmental risk of 

accidental untreated ML/ARD water released to the environment as the site is within secondary 

containment of the TSF. 

Environmental 

 Overall mine site footprint – Candidate 1 better meets EDC (AMEC 2012; clustering of mine facilities 

and impacting previously disturbed land). 

 Fish habitat – Candidate 1 impacts more instream fish habitat compared to Candidate 2, although for 

both options, the stream reaches involved would be non-fish bearing at the initiation of the 

construction of the low grade ore stockpile due to other mine activity. 

Socio-economic 

 None. 

Project Economics 

 Haulage costs – Candidate 1 has significantly lower estimated haulage costs than Candidate 2 

($50 M versus $80 M). 

Based on a qualitative comparison of the candidates, Candidate 1 is preferred over Candidate 2 for all 

characteristics considered (with the exception of impact to fish habitat), a full multiple accounts analysis, 

including sensitivity analyses, as outlined in the Guidelines (ECCC 2016) is deemed to be unnecessary. 
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6. CONCLUSIONS 

Candidate 1 (low grade ore stockpile immediately north of the open pit) is the preferred location for the 

Project because it has better technical considerations (gentler slopes and increased ease of water 

treatment), meets EDC (AMEC 2012), and is less costly than Candidate 2. Although Candidate 1 affects 

more instream fish habitat, all habitat affected by both candidates would become non-fish bearing through 

other Project activities (e.g., construction of the preferred TSF alternative and waste rock and overburden 

stockpile) and this indicator was therefore not differentiating in this analysis. 
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Acronyms and Abbreviations 

Terminology used in this document is defined where it is first used. The following list will assist readers 

who may choose to review only portions of the document. 

Application Application for an Environmental Assessment Certificate 

BAP Best Available Practice 

BAT Best Available Technology 

BC British Columbia 

CEA Agency Canadian Environmental Assessment Agency 

CEAA 2012 Canadian Environmental Assessment Act, 2012 

CSTC Carrier Sekani Tribal Council 

EAO Environmental Assessment Office 

EC Environment Canada 

ENV Environment and Climate Change Canada 

FLNRO Ministry of Forests, Lands and Natural Resource Operations 

FMEA Failure Modes and Effects Assessment 

LDN Lhoosk’uz Dene Nation 

MEM Ministry of Energy and Mines 

MOE Ministry of Environment 

MAA Multiple Accounts Analysis 

New Gold New Gold Inc. 

NWFN Nadleh Whut’en First Nation 

PAG Potentially Acid Generating 

The Project The Blackwater Gold Project 

SFN Saik’uz First Nation 

StFN Stellat’en First Nation 

TLOUS Traditional Land Occupancy and Use Study 

TSF Tailing Storage Facility 

UBC University of British Columbia 

UFN Ulkatcho First Nation 
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Appendix D-1: Consultation with Aboriginal Groups 
on the 2015 Evaluation of Alternative Tailings 
Technologies 

1. MEETING SUMMARIES 

The Environmental Assessment Office (EAO) organized teleconferences and meetings with members 

of the EAO Working Group, including the Aboriginal groups listed on Schedule B who are members of 

the Working Group, to discuss the Tailing Storage Facility (TSF) evaluation. New Gold also held individual 

meetings with Aboriginal groups to discuss the assessment. Provided below is a summary of consultations 

and comments provided during these consultations. 

May 14, 2015 

Teleconference with Environment Canada (EC) to discuss the Multiple Accounts Analysis (MAA), 

indicators and sub-account weightings. 

June 11, 2015 

Meeting with EAO, CEA Agency, and Ministry of Environment (MOE) to seek feedback on New Gold’s 

proposed approach to respond to EAO’s March 19, 2015 letter requesting examination of alternative 

technology options to determine the Best Available Technology (BAT) and the application of BAP for 

tailings management. Key points raised included: 

 Confirmed the tailings evaluation options being considered are all located in the Davidson Creek and 

Creek 661 watersheds, and the evaluation will consider different TSF configurations. New Gold’s 

approach is adapted from EC’s 2011 Guidelines and incorporates high level and detailed (FMEA) risk 

assessments. The approach set out in EC’s guidelines incorporates multiple accounts analysis and 

provides for transparency as the rationale must be clearly presented as you advance through each 

step. New Gold’s approach also includes engagement with Aboriginal groups and relevant 

government agencies. 

 Anticipated the lake disposal option would not be carried forward in the assessment beyond 

pre-screening and into the MAA given public and Indigenous concerns related to use of a lake to 

store tailings and the anticipated difficulty in permitting the option. Confirmed the alternatives 

assessment will include rationale for excluding candidates will be documented. 

 Confirmed the risk assessments will consider the likelihood and consequences of potential failures of 

the TSF candidate (e.g., tailings dam breach, water collection system failure option). The detailed risk 

assessment (Failure Modes and Effects Assessment [FMEA]) will be used to fine tune the selected 

alternative to identify the BAP. ENV indicate agreement with this approach and noted it was the first 

systematic approach that ENV had reviewed to respond to EAO direction. 

June 12, 2015 

Meeting with EAO, CEA Agency and BC Ministry of Energy and Mines (MEM) to seek feedback on 

New Gold’s proposed approach to respond to EAO’s March 19, 2015 letter requesting examination of 

alternative technology options to determine the BAT and the application of BAP for tailings management. 

Key points raised included: 
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 Confirmed the tailings evaluation options being considered are all located in the Davidson Creek and 

Creek 661 watersheds, and the evaluation will consider different TSF configurations. New Gold’s 

approach is adapted from EC’s 2011 Guidelines and incorporates high level and detailed (FMEA) risk 

assessments. The approach set out in EC’s guidelines incorporates multiple accounts analysis and 

provides for transparency as the rationale must be clearly presented as you advance through each 

step. New Gold’s approach also includes engagement with Aboriginal groups and relevant 

government agencies. 

 MEM and EAO commented the fatal flaws that will be used to pre-screen options must be clearly 

explained to ensure candidates are not eliminated prematurely. MEM agreed that options that are not 

technically or economically feasible should be screened out as the project would not be viable 

 MEM recommended the geographic area be expanded to identify potential TSF sites in Step 1.  

 Confirmed that filtered tailings on land would be considered.  

 EAO recommended the WG be involved as the assessment as it is conducted. 

 Confirmed that reclamation and closure and long-term costs would be considered in the report, 

including costs identified by the Mt Polley panel. 

July 20, 2015 

Meeting with EAO, CEA Agency, Nadleh Whut’en First Nation (NWFN) and Saik’uz First Nation (SFN) to 

discuss the alternatives assessment and proposed approach in response to EAO March 19, 2015 letter. 

June 18, 2015 

New Gold held a community meeting with Ulkatcho First Nation (UFN) at Anahim Lake, with approximately 

30 people attending. New Gold provided a Project update, informed the community about the 2015 mineral 

exploration program, and provided an overview of the Blackwater Training and Employment Strategy. 

New Gold also presented an overview of sites (i.e., TSF sites A through E that were considered as part of 

the tailings assessment. New Gold explained that the criteria considered in siting the TSF included: 

 Avoidance of ungulate winter range; 

 Avoidance of the Blackwater River watershed; and 

 Minimizing the TSF footprint. 

The UFN comments focused on employment opportunities, communications related to the Project, and 

potential benefits for the Ulkatcho. 

June 29, 2015 

New Gold met with SFN in Stony Creek to discuss the SFN Traditional Land Occupancy and Use Study 

(TLOUS; Thomas 2015), and recommendations in the study relating to the proposed transmission line 

and access road. During the meeting, New Gold offered to fund a presentation by the University of British 

Columbia (UBC) on tailings and tailings management and suggested SFN, Stellat’en First Nation (StFN), 

and NWFN attend. New Gold also offered to present at the next SFN-organized industry update meeting; 

the SFN industry update presentation occurred on October 13, 2015, and is discussed below. 

July 8, 2015 

New Gold attended a NWFN community meeting in Nadleh Whut’en with approximately 15 people 

attending. New Gold provided a Project update and launched the employment and skills survey. 
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New Gold also discussed the requirements from the EAO to review the BAP and BAT for the project, 

and reviewed their proposed approach to the evaluation of alternative tailings technologies. Comments 

from NWFN attendees focused on how NWFN could benefit from the Project. 

July 2, 2015 

New Gold distributed a memorandum to EAO Working Group members to provide an overview of 

New Gold’s proposed approach to the evaluation of alternative tailings technologies. The memorandum 

described the screening criteria for assessing the ‘fatal flaws’ of the candidate alternatives, plans for 

government and Aboriginal consultation, and included figures and tables illustrating the approach and risk 

assessment descriptions. This memo outlined the questions being considered in siting the TSF: 

 Will the alternative result in deposition of tailings to a fish-bearing lake? 

 Will the alternative be location in the Blackwater River watershed? 

 Will the alternative be located in ungulate winter range? 

 Will the alternative encroach on provincially or federally designation lands and/or private lands? 

 Will the alternative have sufficient capacity to store tailings produced over mine life? 

 Will the alternative make prevention of surface discharges without treatment impractical or improbable? 

 Will the alternative sterilize mineral resources? 

 Will the alternative make the project uneconomic? 

July 20, 2015 

New Gold participated on a teleconference organized by the EAO with NWFN, StFN, SFN, the Carrier 

Sekani Tribal Council (CSTC), CEA Agency and MEM. The purpose of the teleconference was to review 

and seek comments on New Gold’s proposed methodology described in the July 2, 2015 memorandum, 

referred to above. New Gold also reviewed the environmental and social design criteria for siting the TSF 

(see bulleted questions referenced under July 2, 2015 heading). Based on the comments provided at the 

meeting, New Gold committed to including an assessment of the potential effects to Aboriginal rights and 

interests. New Gold also committed to revising the memorandum to address comments provided at the 

meeting, including clarifying how the high level and detailed risk assessments would be incorporated into 

the evaluation. 

July 24, 2015 

Following the July 20th teleconference and in response to comments provided at this meeting, New Gold 

revised the memorandum (dated July 24, 2015, and included in Appendix B). Revisions to the memorandum 

included the approach to assess potential effects on Aboriginal rights and interests in the Multiple Accounts 

Analysis (MAA), specifically, that potential effects on Aboriginal rights and interests would be assessed 

and informed by the conclusion reached for relevant health, social, heritage and environmental evaluation 

criteria including current use of lands and resources for traditional purposes, heritage, water quality, fish 

and fish habitat, wildlife and wildlife habitat and vegetation. The memo also outlined the high level and 

detailed risk assessments included in the evaluation (e.g., Failure Modes Effects Analysis). 

August 13, 2015 

New Gold participated on an EAO organized teleconference which invited all EA Working Group 

members to participate. The following Working Group members, representing Schedule B Aboriginal 

groups and government agencies, participated on the call: LDN, NWFN, MEM, EAO, BC Ministry of 
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Forests, Land and Natural Resource Operations (FLNRO), BC Ministry of Jobs, Tourism, Skills and 

Trade, Environment Canada, Natural Resources Canada, the Regional District of Bulkley Nechako, and 

the District of Fort St. James. During the call, New Gold confirmed that current use of land and resources 

for traditional purposes was one of the criteria considered in the MAA. At the meeting, New Gold noted 

that potential effects on the subsistence economy would be considered in the assessment of potential 

effects on Aboriginal rights and interests, and indirectly in the environment consequence ratings, as well 

as in the human environment account in the MAA. Based on comments provided at the meeting, New 

Gold decided the ultra-thickened/paste tailings option (Candidate 10) would be carried into the MAA. 

September 14, 2015 

New Gold organized a helicopter tour of the Blackwater Project site for NWFN and StFN members. 

The tour included a flyover of the proposed transmission line route, the TSF, proposed open pit and 

camp. During the tour, New Gold explained its approach to evaluating alternative tailings technologies 

and responded to questions related to the construction of the TSF and dam requirements. Based on 

NWFN comments related to tailings and fisheries during the tour, New Gold offered to meet subsequently 

to discuss the tailings alternatives assessment as well as the locations of fish and fish habitat relative to 

project components. Following the flyover, New Gold followed up on their offer to meet with NWFN to 

discuss their interests, and subsequently provided a fish habitat distribution map to the NWFN. 

October 8 and 13, 2015 

New Gold participated in EAO organized meetings/teleconferences which invited all EA Working Group 

members, including Schedule B Aboriginal groups, to participate. Two meetings were held in an effort to 

accommodate all interested EA Working Group members. The October 8 participants included LDN, 

NWFN, SFN, MOE, FLNRO, MEM, CEA Agency, Natural Resources Canada, Health Canada, 

Environment Canada, and the District of Vanderhoof. The October 13 participants included NWFN, MEM, 

FLNRO, CEA Agency, Ministry of Aboriginal Relations and Reconciliation, and the District of Vanderhoof. 

New Gold presented the results of the pre-screening assessment, MAA and Failure Modes and Effects 

Assessment (FMEA), and reviewed new design elements and contingencies that had been identified 

based on the evaluation. 

In response to questions from Aboriginal group representatives during these meetings, New Gold made 

the following comments: 

 Confirmed that one of the sensitivity analysis will focus exclusively on Aboriginal interests 

(as represented by ‘current Aboriginal use’) with the MAA other accounts weighted zero; 

 Explained the TSF beach would be maintained by moving the spigots to keep the water pond area 

away from the dam; 

 Noted that dust generation is the main consideration for air quality and was considered in the MAA (in 

response to NWFN representative comment related to the wind tunnel created by the Endako mine); 

 Noted that the seepage out of the TSF to the west would be mitigated by the hydraulic barrier 

(hydraulic gradient pushing water from west to east), and controlled by the spillway elevation at 

Site C; and 

 In response to a question as to whether consideration was given to moving the water to a separate 

location so there is no water against the dam for the paste tailings option, New Gold indicated that 

water could be decanted and removed from the TSF impoundment but that water would still need to 

be stored on site elsewhere in the impoundment or in a reclaim pond similar to the filtered tailings 

with the PAG (potentially acid generating) on-land option due to the site’s water balance. This would 

still require a water retaining dam, and was not selected as the design basis for the paste option. 
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New Gold further explained that maintenance of saturated conditions within the TSF is desirable due 

to the geochemical nature of the site’s tailings and waste rock. 

New Gold noted that the results of the MAA indicate that the slurry tailings and submerged PAG option in 

upper Davidson Creek is the BAT for the Project. 

October 13, 2015 

New Gold made a presentation at a SFN-organized industry update meeting, attended by 13 SFN 

members. The presentation provided a Project overview, described the approach to the tailings 

evaluation, indicated how SFN traditional knowledge had been incorporated into the environmental 

assessment, and identified potential employment and training opportunities. Questions from participants 

focused on employment opportunities. 

October 19, 2015 

New Gold sponsored a community meeting in Anahim Lake with LDN leadership and UBC on tailings 

management and the evaluation of alternative tailings technologies for the Project. New Gold did not 

attend the meeting. 

October 21, 2015 

New Gold participated in the external portion of the LDN Annual General Meeting to update the 

community on the Blackwater Project, including an overview of the tailings assessment, employment 

strategy and country foods monitoring program. The meeting was held in Klukus village, and about 

14 community members attended. New Gold reviewed the approach to the tailings evaluation and 

changes to the approach that had been made based on consultations with government agencies and 

Aboriginal groups. New Gold confirmed that based on the results of the MAA, the slurry tailings and 

submerged PAG option in upper Davidson Creek is the BAT for the Project. New Gold explained that one 

of the sensitivity analyses will focus exclusively on Aboriginal interests (as represented by ‘current 

Aboriginal use’) with the other MAA accounts weighted zero. At this meeting, New Gold indicated that it is 

supporting UBC’s involvement in providing information about tailings and mine waste to the LDN and 

UFN communities, and that the scope of the work is directed by the Aboriginal groups and not New Gold. 

Questions rose at the meeting related to water quality, size of the mine design, tailings safety and, 

training and employment. 

October 29, 2015 

New Gold hosted a tour of the New Afton Mine for UFN members, following a request by the community 

leadership as part of ongoing education about tailings management for Chief and Council. This tour 

provided an opportunity to view an operational TSF. A question was asked about the toxicity of tailings 

pond water to animals. 

 

In addition to these activities, New Gold is coordinating a community meeting in Vanderhoof with SFN, 

NWFN, StFN, and UBC focusing on tailings management. The date of the meeting is not yet confirmed 

but the parties are aiming to meet in January or February 2016. This meeting is part of New Gold ongoing 

support for UBC to act as a resource to the Aboriginal communities related to improving understanding of 

tailings and mine waste. 
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Meeting Dates:  June 11 and 12, 2015 
Distribution:  Attendees 
 
Subject:  New Gold Blackwater Project Tailings Options Evaluation  
 

June 11, 2015 Teleconference 

Participants:  Tim Bekhuys (New Gold) 
   Nolan Peterson (New Gold) 

Anne Currie (ERM)                                                                      
Gerry Pappini (ERM) 
Keith Ferguson (Independent) 

   Dan Fontaine (Knight Piesold) 
   Shelley Murphy (EAO) 
   Steve McNaughton (EAO) 
   Jennifer Karmona (EAO) 
   Gabrielle Matscha (MOE) 
   Christal Nieman (CEA Agency) 
 

Introductions 

• Participants introduced themselves. 

Discussion 

• New Gold presented its proposed approach to respond to the BC EAO March 19, 2015 request 
to examine alternative technology options to determine the best available technology and the 
application of best available practices for tailings management for the Blackwater Project.   The 
approach is adapted from Environment Canada’s “Guidelines for the Assessment of Alternatives 
for Mine Waste Disposal” (2011) and incorporates high level and detailed (Failure Mode Effects 
Analysis) risk assessments.  The approach set out in EC’s guidelines incorporates multiple 
accounts analysis and provides for transparency as the rationale must be clearly presented as 
you advance through each step.  New Gold’s approach also includes engagement with 
Aboriginal groups and relevant government agencies.  New Gold will produce a report to 
present the assessment and the timing for completing the report is mid-August 2015.  

• In response to EAO, New Gold confirmed the tailings evaluation options are all located in the 
Davidson Creek and Creek 661 watersheds, and the evaluation will consider different 
configurations of the tailings storage facility. 

• EAO commented the reasons for excluding a particular option due to risks or specific criteria 
must be clearly explained.   

• New Gold commented it anticipated not carrying forward the lake disposal option beyond pre-
screening and into the multiple accounts analysis given public and Aboriginal concerns related to 
use of a lake to store tailings and the anticipated difficulty in permitting the option.  EAO 
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commented the rationale for not passing this option through pre-screening need to be 
documented. 

• In response to a question from New Gold related to the evaluation methodology, EAO noted it is 
recognized that each project is different and there may be more than one way to address the 
EAO’s request. EAO’s approach is to question each proponent’s proposed methodology rather 
than defining the methods.  

• In response to Gabi, Knight Piesold advised the risk assessments will consider the likelihood and 
consequences of potential failures of the tailings storage facility option (e.g., tailings dam 
breach, water collection system failure). The detailed risk assessment (Failure Mode Effects 
Analysis) will be used to fine tune the alternatives to identify the best available practices.  

• Gabi noted that she agreed with this approach.  
• In the filtered tailings option the facility may be more geotechnically stable but the ML/ARD 

(geochemical) consequence may be high. 
• In response to EAO regarding the consequences in the risk assessment, Keith referred to the risk 

assessment in the Accidents and Malfunctions chapter, noting similar criteria would be used for 
the tailings evaluation detailed risk assessment (focused on tailing and waste rock 
management). 

• Gabi noted that she is interested in reviewing the risk assessment matrix.  Gabi commented this 
is the first systematic approach that she has seen to respond to EAO’s request. 
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June 12, 2015 Meeting 

Participants:  Tim Bekhuys (New Gold) 
   Nolan Peterson (New Gold) 
   Anne Currie (ERM) 
   Keith Ferguson (Independent) 
   Dan Fontaine (Knight Piesold) 
   Shelley Murphy (EAO) 
   Steve McNaughton (EAO) 
   Jennifer Karmona (EAO)   
   Christal Nieman (CEA Agency) 

Kim Bellefontaine (MEM) 
Heather Narynski (MEM) 

 
Introductions/Meeting Purpose 

• Participant introduced themselves 
 

Discussion  
• New Gold presented its proposed approach to respond to the BC EAO March 19, 2015 request 

to examine alternative technology options to determine the best available technology and the 
application of best available practices for tailings management for the Blackwater Project.   The 
approach is adapted from Environment Canada’s “Guidelines for the Assessment of Alternatives 
for Mine Waste Disposal” (2011) and it also incorporates high level and detailed (Failure Mode 
Effects Analysis) risk assessments.  The approach set out in EC’s guidelines incorporates multiple 
accounts analysis and provides for transparency as the rationale must be clearly presented as 
you advance through each step.  New Gold also plans to engage Aboriginal groups and relevant 
government agencies.  New Gold will produce a report to present the assessment results and 
the timing for completing the report is mid-August 2015.  

• New Gold noted that some of the environmental criteria presented on Slide 2 may be relaxed in 
the pre-screening step (e.g., surface water discharge during operations, seepage rates) may be 
relaxed to enable some options to undergo more detailed evaluation. 

• MEM and EAO commented the fatal flaws that will be used to pre-screen options must be 
clearly explained to ensure options are not eliminated prematurely.  

• There was discussion about how New Gold’s report that assessed options for siting the tailings 
storage facility (TSF) would be considered in the tailings evaluation.  MEM recommended that 
siting and water balance be revisited.  EAO commented that beginning the analysis at the same 
point and with the same criteria that existed before the Mt. Polley Tailings Storage Facility 
breach will not be sufficient. 

• MEM questioned at what point on the tailings spectrum tailings would not be liquefiable. Knight 
Piesold responded that liquefaction potential is related to tailings grain size, density, saturation, 
and the earthquake characteristics.  There is a point along the tailings dewatering spectrum 
indicated in Slide 7 where tailings begins to behave like a soil and is no longer pumpable.  This 
point does not mean that the material is no longer potentially liquefiable. 
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• MEM agreed that options that are not technically or economically feasible should be screened 
out as the project would not be viable.  

• It was noted that potentially acid generating (PAG) waste rock behavior must be assessed with 
tailings alternatives (deposited in tailings versus in storage, porosity, liquefaction etc.). 

• In response to MEM, New Gold confirmed options include filtered tailings on land. 
• In response to EAO, Knight Piesold commented that a catastrophic breach of an impoundment 

holding waste rock only would move waste rock into the downstream environment but it would 
settle out more quickly than if it were tailings. 

• Knight Piesold explained how the risk assessment would be incorporated into the multiple 
accounts analysis. 

• EAO recommended the Project Working Group be involved as the assessment is conducted. 
New Gold noted it is interested in obtaining Aboriginal and government feedback on the criteria 
that will be used to pre-screen options and for the detailed evaluation of the remaining options. 

• In response to CEA Agency, New Gold confirmed that CEAA 2012 5(1)(c) requirements and 
comments provided by Environment Canada previously on the EA MAA would be considered in 
the assessment. 

• In response to MEM, New Gold confirmed that reclamation and closure and long-term costs will 
be considered in the report. EAO noted that costs identified by the Mt Polley panel should also 
be considered.  
MEM suggested the report include a preamble to discuss ARD/ML issues to help set the overall 
context.  MEM also recommended that temporal aspects be discussed (e.g., dam maintenance 
and water treatment in perpetuity). 

 
 

Action Items 

 

# Action Item Who? 
1.  Review and provide comment on Slide 10 - New Gold’s 

proposed process 
MOE 

2. Prepare a strategy for Aboriginal and government agency 
engagement on tailings evaluation 

New Gold 

3. Update memo provided to EAO to incorporate comments 
provided at June 12 meeting. The memo will provide 
further clarification on how the high level and detailed risk 
assessments will be incorporated in the evaluation. 

New Gold 
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Memorandum  

Date: July 24, 2015 
 

To: Tim Bekhuys, New Gold 

From: Gerry Papini, ERM 

Cc: Anne Currie, ERM 

Subject: Blackwater Project - Tailings Management Options Evaluation 

(EAO Reference# 276969) 

1. INTRODUCTION  

In response to the British Columbia (BC) Environmental Assessment Office (EAO) request dated 

March 19, 2015 that mine proponents address the recommendations of the Independent Expert 

Engineering Investigation and Review Panel for the Mount Polley incident (Panel Report), New 

Gold is conducting an assessment of alternative technology options to determine the best 

available technology (BAT) and application of Best Available Practices (BAP) for tailings 

management at the Blackwater Project (the Project). The assessment will provide options for 

tailings management that consider technology, siting and water balance.  

Initial meetings were held with the Environmental Assessment Agency (EAO), Ministry of 

Environment (MOE) and the Canadian Environmental Assessment Agency (CEA Agency) on June 

11, 2015 and the Ministry of Energy and Mines (MEM), EAO and CEA Agency on June 12, 2015 to 

present and discuss New Gold’s approach for evaluation of tailings management options. The 

agencies emphasized the need to consider additional facility locations outside of the Davidson 

Creek watershed and to provide clear rationale to explain ‘fatal flaws’ identified in the pre-

screening stage in New Gold’s assessment. In addition, the assessment will include potentially 

acid generating (PAG) waste rock behavior with the tailings options. Figure 1 shows a flow chart 

of the proposed methodology and process for completing the assessment. 

New Gold’s also reviewed its proposed approach to evaluating tailings management options 

with Nadelh Whut’en, Stellat’en and Saik’uz, Carrier Sekani Tribal Council, EAO, CEA Agency 

and MEM representatives on July 20th teleconference.   

There have been three versions of this memo. The first version dated April 17th was revised to 

include the screening criteria for assessing the ‘fatal flaws’ of the candidate alternatives, plans for 

government and Aboriginal engagement, and figures and tables illustrating the proposed 

approach and risk assessment descriptors. This version was issued on July 2, 2015.  The July 2nd 

memo has been revised to indicate how effects on potential effects on Aboriginal rights and 

interests will be considered in the assessment based on comments provided during the July 20th 

call. 
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2. APPROACH  

In consideration of agency comments, New Gold is evaluating tailings and waste rock storage 

locations outside of the preferred site identified in the Tailing Storage Facility Alternatives 

Assessment study (Assessment of Alternatives for the Blackwater Gold Project Tailings Storage 

Facility, September 2014 (i.e., the Feasibility Study Alternative in the Davidson Creek catchment). 

New Gold proposes a four step approach for selecting the Best Available Technology (BAT) and 

Best Management Practices (BMP) for tailings management at the Blackwater Project (Project) 

(Figure 2). The steps include: 

1. ‘Fatal flaw’ analysis (pre-screening step) to screen out alternatives that do not meet New 

Gold’s criteria;  

2. High-level risk assessment to screen out alternatives with high to extreme risk based on 

criteria related to safety, water quality and execution; 

3. Multiple accounts analysis (MAA) based on Guidelines for Assessment of Alternatives for 

Mine Waste Disposal (Environment Canada, 2011) with evaluation criteria including natural 

and human (health, social, heritage and economic values) environment; amenability to 

closure, reclamation and post-closure management; safety; cost effectiveness; and 

technical applicability. Potential effects on Aboriginal rights and interests will be 

assessed and informed by the conclusions reached for relevant health, social, heritage 

and environmental evaluation criteria, including current use of lands and resources for 

traditional purposes, heritage, water quality, fish and fish habitat, wildlife and wildlife 

habitat, and vegetation; 

4. Detailed risk assessment (e.g., Failure Modes Effects Analysis) for risk reduction and 

leading to incorporation of BMPs (e.g., risk mitigation, contingency including monitoring 

and emergency response plans) into the tailings and waste rock management plans. 

The fatal flaw analysis or pre-screening step considers locations for potential tailings and waste 

rock storage sites within a radius of approximately 25 km from the deposit. The options will be 

screened using the following criteria:  

 Will the alternative result in deposition of tailings to a fish-bearing lake? 

 Will the alternative be located in the Blackwater River watershed? 

 Will the alternative be located in ungulate winter range? 

 Will the alternative encroach on provincially or federally designated lands and/or 

private lands? 

 Will the alternative have sufficient capacity to store tailings produced over mine life?  

 Will the alternative make prevention of surface discharges without treatment 

impractical or improbable? 

 Will the alternative sterilize mineral resources? 

 Will the alternative make the project uneconomic? 

 

A high-level risk assessment will be used to identify options with high or extreme risk for 

exclusion from further analysis.  The risk assessment criteria will include: 
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 Safety risk – likelihood and consequence of a major dam breach or failure of the 

waste management facility; 

 Water quality risk – likelihood and consequence of untreated surface discharge; and 

 Execution risk – likelihood and consequence of not meeting the Project’s design 

criteria because of complex operations.   

Likelihood and consequence descriptors and a risk matrix to differentiate extreme; high; 

moderate and low risks used in the risk assessment are attached (Tables 1 to 3). Low to moderate 

risk alternatives will undergo an MAA using evaluation criteria that rank the options on all 

accounts. The preferred option will then undergo a detailed risk assessment to identify risk 

reduction opportunities by considering BAP.     

A report with clear and transparent rationale for the preferred option will be submitted to the 

EAO during the Application review stage.  

3. GOVERNMENT AND ABORIGINAL ENGAGEMENT 

New Gold’s plans for engaging First Nations (FNs) and government agencies are described 

below. 

Aboriginal Engagement 

July 20 teleconference with Nadleh, Stellat’en and Saik’uz. 

Week of August 4, 2015 – Teleconference with Saik’uz and Nadleh technical advisors to present 

and discuss the proposed methodology. 

Q3 - Meeting co-ordinated by UBC with key First Nations, as available, to review and seek input 

on the evaluation.   

Government Agencies 

June 11/12, 2015 - Meetings with CEA Agency, EAO, MOE and MEM to discuss the proposed 

approach. 

Q3 - Meeting with Blackwater Project Working Group to present and discuss the results of the 

tailings management evaluation report. As members of the Working Group, First Nations would 

be invited to attend this meeting. 

4. CONCLUSION 

New Gold will work with the relevant government agencies to address the recommendations of 

Mt. Polley panel report. New Gold proposes to use a four-step (4) approach to arrive at the BAT 

and BMP for the Project. The approach incorporates risk assessment methods with MAA to 

screen options for ‘fatal flaws’ and assess options using natural environment, human 
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environment, technical and economic criteria. The approach also includes applying BMPs for 

construction, operation and closure of the Project.  

Prepared by: 

 

 

____________________________________________ 

Gerry Papini, P.Geo.  

Attachments 

Figure 1: Proposed Methodology and Process for Assessment of Tailings and Waste Rock 

Management Alternatives 

Figure 2: Proposed Approach for Selection of BAT/BMP for Blackwater Project. 

Tables 1 – 3: Risk assessment descriptors and definitions. 

 

Reviewed by: 

 

 
Anne Currie 

Senior Partner 
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Figure 1: Proposed Methodology and Process for Assessment of Tailings and Waste Rock 

Management Alternatives
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Figure 2: Proposed Approach for Selection of BAT/BMP for Blackwater Project
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Table 1: Likelihood Descriptors 

Likelihood Score Descriptor Frequency 

1 Almost Certain - happens often  More than one event per month 

2 Likely - could easily happen More than one event per year 

3 Possible - could happen and has happened elsewhere One event per 1 - 10 years 

4 Unlikely - has not happened but could  One event per 10 -100 years (i.e. within life of mine) 

5 Very rare - possible but only in extreme circumstances Less than one event per 100 years (within the life of the Project) 
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Table 2: Consequence Descriptors 

Consequence 

Score 
Descriptor Environment Business Damage / Loss 

A Catastrophic  Irreparable damage, very serious long term impairment, affecting 

whole ecosystem  

> 1 month production delay > $50 Million 

B Major Serious medium-term environmental impact, affecting whole 

ecosystem  

> 1 week and < 1 month 

production delay 

$10 - $50 Million 

C Moderate Moderate short-term effects, affecting part of ecosystem (i.e. biological 

or physical environment) 

>1 day and < 1 week production 

delay 

$2 - $10 Million 

D Minor Small short-term effect on part of ecosystem > 6 hour < 24 hour production 

delay 

$0.5- $2 Million 

E Insignificant  Limited short-term effect in small or previously disturbed area < 6 hour production delay < $0.5 Million 
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Table 3: Risk Matrix and Definitions 

  

1
15 10 6 4 1

2
19 14 9 5 2

3
22 18 13 8 3

4
24 21 17 12 7

5
25 23 20 16 11

E D C B A

Risk Score Descriptor Definition

1 to 5 Extreme Risks that have serious negative effects that cannot be endured

6 to 13 High Risks that have major negative effect 

14 - 20 Medium Risks that have moderate negative effects that can be managed 

21 to 25 Low Risks that have minor or negligible negative effects

Consequence
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Proposed Blackwater Project 

Teleconference with EAO Working Group 

Summary Notes 

 
Teleconference Date:  August 13, 2015 
Distribution:  Attendees / Working Group  
 
Subject:  New Gold Blackwater Project Tailings Alternatives Assessment  
 

Participants:  Tim Bekhuys (New Gold) 
   Nolan Peterson (New Gold) 

Anne Currie (ERM)                                                                      
Keith Ferguson (Knight Piesold) 

   Dan Fontaine (Knight Piesold) 
   Shelley Murphy (EAO) 

Chelsea Garside (EAO) 
Jennifer Karmona (EAO) 
Christal Nieman (CEAA) 
Eric Gross (CEAA) 
Kim Belfontaine (MEM) 
Heather Narynski (MEM) 
Lea-Marie Bowes-Lyon (MMPO) 
Gabriele Matscha (MOE) 
Tracy Henderson (MOE) 
Stephanie Huska (MOE) 
Chelton van Geloven (FLNRO) 
Tara Moorhouse (JTST) 
Christie Spry (EC) 
Bob More (EC) 
Mike Hagen (EC) 
Manon Phaneuf (EC) 
Allison Denning (Health Canada) 
Angelique Magee (NRCan) 
Neil Gauthreau (LDN) 
Georgina Farah (Source Environmental) 
Trefor Smith (Firelight Group) 
Jason Llewellyn (RDBN) 
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Introductions 

 EAO welcomed participants, reviewed the agenda and everyone introduced themselves. 

Discussion 

 Multiple accounts analysis (MAA) to include consideration of possible effects on groundwater 

from releases from mine. 

 Based on EAO comments, NGD to revisit how to address social aspects in the high level risk 

assessment including possible removal of social criteria as they are considered in the pre-

screening criteria (i.e., lack of support for disposal in a fish-bearing lake and avoidance of the 

Blackwater River drainage,  Ungulate winter range and provincially or federally designated 

lands) 

 EAO advised that the report should explain how likelihood and consequence ratings were 

selected in the high-level risk assessment. 

 NGD confirmed that current use of lands and resources for traditional purposes is one of the 

criteria considered in the multiple accounts analysis. 

 NGD confirmed that geotechnical information is available for the three alternatives proceeding 

to the multiple accounts analysis. 

 EAO advised that all of the items identified in Doug Caul’s March 19, 2015 letter must be 

addressed. 

 A dam for Potentially Acid Generating (PAG) waste rock would be water retaining with water 

against the dam. 

 Approximate elevations of dams/structures are:  FS Option – 130m, PAG dam – 100m, filtered 

tailings stack – 120m. 

 A teleconference with the Working Group will be held during the second week of September 
2015 to review results of the MAA and FMEA  
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Proposed Blackwater Project 

Teleconference with EAO Working Group 

 Summary Notes 

 
Teleconference Dates:  October 8 and 13, 2015 
Distribution:  Attendees / Working Group  
 
Subject: New Gold Blackwater Project Tailings Management Evaluation to Respond to EAO 
March 9, 2015 Letter 
 

Participants:   
October 8, 2015 October 13, 2015  
Tim Bekhuys (New Gold) Ryan Todd (New Gold)  
Ryan Todd (New Gold)  Nolan Peterson (New Gold)  
Nolan Peterson (New Gold)  Keith Ferguson (Consultant) 
Keith Ferguson (Consultant) Shelley Murphy (EAO) 
Shelley Murphy (EAO) Chelsea Garside (EAO) 
Chelsea Garside (EAO) Steve McNaughton (EAO)  
Gabriele Matscha (MOE) Heather Narynski (MEM) 
Stephanie Huska (MOE) Brent Beattie (MEM) 
Philip Krauskopf (FLNRO) Kevin Hoekstra (FLNRO) 
Danielle Smythe (MMPO) Kim Belfontaine (MEM) 
Lea-Marie Bowes-Lyon (MMPO) Shannon Carson (FLNRO) 
Eric Gross (CEAA) Christal Nieman (CEA Agency) 
Angelique Magee (NRCan) Luc Lachance (MOE) 
Allison Denning (HC) Dave Reedman (MARR) 
Bob More (EC) Thomas Clement (District of Vanderhoof) 
Christie Spry (EC) Rena Freed (Source Environmental) 
Neil Gauthreau (LDN) Jennifer Karmona  
Trefor Smith (Firelight) Ken Brouwer (Knight Piesold) 
Brian Frenkel (District of Vanderhoof)  Dan Fontaine (Knight Piesold) 
Tracey Henderson (MOE)  Anne Currie (ERM) 
Garth Mullens (EC) Lisa DeSandoli (ERM) 
Nadine Parker (EC) Gerry Papini (ERM) 
Justin Himmelright (Saik’uz First Nation)  
Ken Brouwer (Knight Piesold)  
Dan Fontaine (Knight Piesold)  
Anne Currie (ERM)  
Lisa DeSandoli (ERM)  
Gerry Papini (ERM)  
 
Introductions 

• EAO welcomed participants, reviewed the agenda and everyone introduced themselves. 
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Discussion 

• New Gold indicated the presentation presents the results of New Gold’s evaluation of tailings 
management options.  New Gold presented the proposed methodology at the June 11 and 12, 
2015 meetings and reviewed the screening step (fatal flaw analysis and high level risk 
assessment) at the August 13, 2015 meeting.  New Gold advised the results of the tailings 
alternative assessment (TAA) will be presented in a report to be provided to the EAO and CEA 
Agency for distribution to the Working Group in November 2015.  

Study Overview 

• Keith Ferguson reviewed New Gold’s approach to identify best available technology (BAT) and 
best available practices (BAP).   

Multiple Accounts Analysis (MAA) 

• Dan Fontaine reviewed the four options identified from the high level risk assessment that have 
been carried into the MAA (See Appendix A for description of each option).  

• Dan Fontaine noted the four candidates are located on Davidson Creek for the following 
reasons: 

o The location provides the best integration of waste and water management for 
operations and closure, including the collection of surface water runoff and interception 
of potential seepage. 

o All four options are able to be technically executed within the Davidson Creek 
catchment. 

o This location poses the lowest risk for tailings and waste rock storage for the following 
reasons: 
• Extending far afield and to multiple catchments increases the area at potential risk 

of an accident or malfunction and clustering of facilities in one area has a lower 
environmental footprint; 

• Extending further afield would require longer tailings pipelines (pipeline breakage 
could impact a secondary area); 

• Waste rock storage is expected to remain on Davidson Creek regardless of tailings 
location (additional hauling / handling increases the potential for material loss to 
environment); 

• Multiple areas of waste management separated by longer distance increases risk of 
failures and monitoring requirements and;  

• Filtration plants would still require secondary discharge for upset (i.e., not normal) 
conditions – some off-spec slurry storage is required. 

o Far afield sites are typically used when the mine site does not have good storage 
characteristics, water management, and/or foundation conditions for a local TSF. This is 
not the case for the Blackwater project. 
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• Lisa DeSandoli reviewed the MAA methodology noting the evaluation of tailings management 
options follows Environment Canada’s (2011) Guidelines for the Assessment of Alternatives for 
Mine Waste Disposal. Step 6 (Sensitivity Analysis) is in progress and will be included in the 
report.  

• Lisa reviewed the five Accounts (Physical Stability, Technical, Environment, Human Environment, 
and Project Economics) and weighting and Sub-accounts. The Account weightings have been 
informed by EC 2011 Guidelines.  A ranking of 6 represents the lowest impact/best option. 

• Lisa reviewed the results noting: 
o The Slurry Tailings and Submerged PAG has the highest scores for the Environmental, 

Technical, Human Environment and Economic accounts. 
o The Filtered Tailings/PAG on land option had the highest score in the Physical Stability 

Account with the Slurry Tailings and Submerged PAG option the second best.  
• Based on the results of the MAA, the Slurry Tailings and Submerged PAG is the preferred option. 

Failure Modes and Effects Assessment (FMEA) 

• Dan Fontaine noted the purpose of the FMEA is to identify the BAP. The FMEA identifies and 
characterizes risks from accidents, failures of an engineered system, and malfunctions. 

• Dan reviewed design elements to manage risk:  
o Inflow Design Flood (IDF) to reduce the likelihood of the facility overtopping in extreme 

rainfall/run off events. 
o Installation of instrumentation in dams to reduce the likelihood of failure with ongoing 

monitoring. 
o Designing dams for maximum credible earthquake to reduce the likelihood of loss. 

• Dan indicated the initial risk rating for the Slurry Tailings and Submerged PAG Option (Feasibility 
Study/EA Option) based on design and plan for permitting identified 39 hazards (2 medium risk 
ratings, 17 low ratings, and 20 very low ratings). Hazards included the initial construction of 
cofferdams, diversion ditches, sediment control ponds, and operation and closure of TSF dams 
(for multiple failure modes), the TSF facility, and environmental control dam (downstream 
seepage collection). 

• Taking into account potential measures to mitigate risks, Dan noted the following new design 
elements and contingencies have been identified: 
Design Elements 

o Installation of diversion upstream of the Site D TSF (northern diversion) and upstream of 
the mine facilities south of the TSF (southern diversion); 

o Relocation of water storage to Site C through operation of the Site D TSF; and 
Contingency Measures 

o Establishment of interim overflow structures in the Site D TSF during operations; and 
o Open Pit emergency water storage extension. 

• With the implementation of additional design elements and contingency measures, Dan noted 
the final risk ratings for the 39 identified hazards had been reduced to 9 low ratings and 30 very 
low ratings. 

Conclusions 

• Keith reviewed the topics presented at the meeting and noted the following:   
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- A comprehensive, structured and transparent approach has been taken to respond to BC 
EAO March 19, 2015 and CEA Agency requests. 

- The approach considers technologies, locations and practices for tailings management; 
- Davidson Creek valley location demonstrated significant benefits, and identified as best 

location. 
- PAG tailings and waste rock management, execution challenges and water balance are 

major factors in comparing tailing storage facility alternatives; 
- Thickened slurry tailings with submerged PAG waste rock is BAT for the Blackwater project. 
- The BAP were identified for Blackwater in the FMEA. 
- Enhanced water management practices (to improve physical stability and operations of the 

FS/EA option) have been identified and will be implemented. 
• Keith noted the next step is to submit the report to the EAO and CEA Agency in November for 

distribution to the Working Group. 

Questions and Comments (October 8 Meeting)  

• In response to Garth Mullens, Tim Bekhuys confirmed that one of the sensitivity analysis will 
focus on First Nations (i.e., current use) only.   

• Gabi Matscha questioned whether there would be any changes to the EA Application to 
incorporate the new design elements and contingency measures identified in the presentation. 
Keith Ferguson noted the water balance in the EA Application captures average conditions. The 
new design elements would not affect average conditions. With the new design elements, the 
same water quality results are expected.  

• In response to Gabi, Keith confirmed PAG material would be kept saturated  
• Gabi noted the Ministry of Environment (MOE) needs to understand the implications of 

discharging to the receiving environment for the contingency measures. Keith responded that 
water quality is normally not predicted for contingency measures in environmental assessments. 
New Gold is interested in discussing this issue with MOE. Gabi noted that it depends on the 
likelihood of using the contingency measure. Keith responded the likelihood is very low. Gabi 
commented this analysis would be required for permitting. 

• Trefor Smith questioned what kind of cover would be used for the filtered tailings/submerged 
PAG option. Keith Ferguson responded covers typically include soil with a coarse layer of 
compacted clay or till layer, and vegetation cover. The cover would likely be 2 – 3 metres in 
thickness. 

• Trefor questioned whether the tailings storage facility is large enough to accommodate a mine 
expansion. Tim commented that New Gold is exploring other areas but has not found anything 
that would change the Blackwater Project as currently planned. If an additional deposit is 
discovered, New Gold would apply for separate approvals for any future mine expansions. This 
is not subject to the environmental assessment. 

• Justin Himmelright referred to the new design element where water would be transferred and 
stored in Site C during the operation of Site D. He asked if there was a risk of losing water to the 
west. Dan Fontaine responded the seepage to the west would be mitigated by the hydraulic 
barrier (higher gradient) to the east, and controlled by the spillway elevation at Site C.   

• EAO asked what would be the consequences of contingency water release into the downstream 
environment.  
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o Questions and Comments (October 13) 

• Kim Bellefontaine asked about the location of tailings discharge for the Paste Tailings option and 
asked if it could be moved around or whether there could be multiple discharge locations. Dan 
Fontaine responded that this is not the design basis for the paste option, and that a central 
discharge point was most practical and appropriate given the long containment dam length. 
Discharge location could be moved to multiple locations if the tailings were not thickened to 
paste, and that is what the thickened-slurry option represents.  

• In response to Heather Narynski, Dan responded that the gravimetric solids content (percent 
solids) in the tailings are 50% for thickened tailings and 65% for paste tailings. 

• Dan confirmed the slope of the filtered tailings stack option would be 3 horizontal to 1 vertical. 
• In response to Kim Bellefontaine, Dan commented that the filtered tailings option would be 

expected to have the best score purely from a Physical Stability perspective. 
• Rina Freed questioned how beaches are maintained. Dan responded it is done by moving the 

spigots and keeping the water volume down. 
• Rina asked if, for the paste tailings option, consideration was given to moving the water to a 

separate location so there is no water against the dam.  Dan indicated that water could be 
decanted and removed from the impoundment, but that water would still need to be stored on 
site elsewhere in the impoundment or in a reclaim pond similar to the filtered tailings with PAG 
on-land option due to the site’s water balance. This would still require a water retaining dam. 
This was not selected as the design basis for the paste option. 

• In response to Heather Narynski, Dan indicated that the minimum beach being proposed was 
300 metres based on the feasibility study.  The feasibility study actually approaches it 
differently, with a freeboard requirement and 1% beach slope.  Beach length can be determined 
as a function of these two inputs. A freeboard of 3 m at a 1% slope would be 300 m of beach.  
The freeboard requirement would change throughout operations as the dam is raised, but 
would always be 4 m or greater, which equates to at least 400 m of beach.  Beach length could 
be discussed further in permitting and could become a quantitative performance objective 
(QPO).  The time of measurement and method of measurement would need to be agreed upon 
for this to be a QPO.   

• In response to Kim Bellefontaine, Keith noted the pond in Site D would be smaller during 
closure. 

• In response to Jennifer Karmona, Keith responded that the likelihood and consequences of a 
tailings dam breach were incorporated into the high level risk assessment for the 12 candidates. 
In the MAA, it was taken into account for the four candidates by considering pond volume and 
other physical stability factors.  

• Jennifer questioned whether failure costs of a tailings dam breach were considered. Dan 
responded that the likelihood and consequence of such a failure were considered in the high 
level risk assessment for the 12 options that passed screening. 

• Rina Freed asked whether there is a wind tunnel at the site like at the Endako mine site, noting 
Nadleh Whut’en is concerned about dust generation. Gerry Papini responded that dust 
generation is the main consideration for air quality and was considered in the MAA.  

• Rina commented that Myra Falls does not have ponded water against the dam.  Dan indicated 
that water could be decanted and removed from the impoundment, but that water would still 
need to be stored on site elsewhere in the impoundment or in a reclaim pond similar to the 
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filtered tailings with PAG on-land option.  This would still require a water retaining dam.  This 
was not selected as the design basis for the paste option. 

• With respect to the interim emergency discharge structure contingency measure, Kim 
questioned if the spillway is being built over the mine life.  Dan confirmed the spillway would be 
built over the mine life and moved periodically, noting it would be approximately a 4 metre 
deep excavated channel with the capacity to convey the probable maximum flood.  It would 
become the secondary emergency spillway during closure. 

• With respect to the open pit emergency storage contingency measure, Kim asked how the water 
balance would be managed in extended care and maintenance. Dan commented that several 
scenarios will be considered: temporary shutdown, longer term shutdown care and 
maintenance, premature closure and long-term closure.  This will be discussed in the report. 
Keith commented that additional ditches and diversion structures could be constructed. With 
the additional design elements, the water will be maintained at an optimal level.  

• EAO noted that at existing mines, the location of ponded surface water in Tailings Storage 
Facilities moves as points for depositing materials shifts. In this case, can/will appropriate 
beaches be maintained? New Gold responded that a minimum beach length could be specified 
in QPO’s and in operating plans then would be maintained.  Time and method of measurement 
would need to be agreed upon. 

• For comparison, can a revised figure of the overall MAA results be provided that does not 
include the Project Economics account. New Gold responded that a sensitivity analysis excluding 
the Project Economics account will be included in the report.   

• Rina questioned whether the Excel spread sheet (digital file) will be provided to the Working 
Group.  Detailed MAA tables will be provided in Appendix of TAA.   New Gold suggested first 
that the TAA report be circulated as planned to the Working Group, and offered to meet with 
the Working Group following circulation and review of the report. Should there remain 
additional questions and a desire to review the Excel spread sheets after that time, New Gold 
would then provide the spreadsheets. 

• In response to EAO, New Gold indicated the report will include a description of water 
management during temporary closure.  

• In response to EAO, New Gold committed to include a concordance table that outlines how the 
requirements of the EAO March 19, 2015 letter are addressed in the report.   EAO committed to 
providing NG with a guidance document to assist NG address their March 19 letter.  Subsequent 
to the meeting, this document was provided to NG. 

• Kim Bellefontaine commented on the proposed BAPs, stating that the proposed refinements are 
consistent with the recommendations of the Panel Report.  A detailed review of the report is 
necessary to confirm. 
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Appendix D-2: Federal Agency Comments on the 2015 Evaluation of Alternative Tailings Technologies for the Blackwater Gold Project 

ID # Type Organization Issue/Topic Comment Proponent Response 

1. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

MEM High Level Risk 
Assessment - Candidate 
Ratings 

New Gold is requested to provide additional background on how they determined the 
high level risk assessment candidate ratings provided on Slide #43 prior to moving 
forward to the next phase of assessment. The intent would be to evaluate whether the 
rationale is defensible. 

The candidates remaining after pre-screening were assigned a composite numerical 
ranking representing the anticipated risks to development, with respect to the other 
alternatives.  Candidates were analysed based on specific hazards applying to each 
candidate with respect to safety, environment and technical execution.  The 
numerical rating was based on the likelihood of occurrence and the resulting 
consequence of each identified hazard. 

• For Safety, the primary hazard considered for each candidate was based on
the potential for loss of containment of mine waste and/or mine water.
This hazard applies to all options for tailings and waste rock management.
This hazard is often described as a dam breach for a water containing
facility; however a similar hazard also exists for a filtered tailings waste
pile.

• For Environment, the primary hazard is loss of effluent due to failure of
collection and/or treatment systems during operations and closure.  A loss
of effluent is considered a loss of mine contact water above ground; this
could encompass unplanned spilling from a water storage dam spillway,
unplanned discharge from a water treatment facility or pipeline or
overtopping of a water storage dam due to a storm event of a magnitude
greater than allowed for in design storage.

• For Technical execution, the primary hazard is the application of unproven
or complex technology resulting in an inability to meet design criteria.
This includes the inability to produce, transport and/or place tailings in a
manner that meets design specifications.

Discussion of the hazards and criteria used in the High Level Risk Assessment are 
provided in Section 3 and Appendix B. 

2. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

MEM Candidate #10: ultra-
thickened/paste tailings 
option 

New Gold is requested to provide consideration in carrying Candidate #10 (ultra-
thickened/paste tailings option) forward to the next phase. This question was brought 
up by EAO during the teleconference call. It is understood that New Gold selected the 
best option out of each of the categories 1) slurry, 2) filtered, and 3) physical stability, 
however, it is unclear why this approach was taken. It is understood that Candidate 
#10 had the second lowest risk score, and it could be arguable that the paste option 
differs than other “slurry” options presented. 

Paste tailings are produced by ultra-thickening resulting in a material that is fully 
saturated and must be discharged via pipeline similar to thickened slurry tailings.  
Paste tailings will not segregate upon deposition and will continue to release water 
after placement.   Water would be present against the containment dam as a beach 
cannot be developed.  Therefore paste tailings do not provide advantages over 
slurry or filtered tailings.    Paste tailings (candidate 10) have been included as a 
candidate in the assessment (Sections 4 to 6 and Appendix B). 



BLACKWATER GOLD PROJECT 
APPLICATION FOR AN  
ENVIRONMENTAL ASSESSMENT CERTIFICATE /  
ENVIRONMENTAL IMPACT STATEMENT 
BLACKWATER GOLD PROJECT –TRACKING TABLE OF FEDERAL AGENCY COMMENTS TO BE ADDRESSED DURING THE APPLICATION REVIEW STAGE 

Page 2 of 8 

ID # Type Organization Issue/Topic Comment Proponent Response 

3. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

MEM High Level Risk 
Assessment - Likelihood 
Ratings 

New Gold is requested to consider the language presented in the “Likelihood ratings” 
table in Slide #41. This was brought up during the teleconference call. The qualitative 
descriptors are reasonable, but the associated frequencies seem questionable, at least 
when one considers the “safety” component (dam breach or overtopping). Dam 
breaches are not typically viewed in the context of more than one event per year or 
month. This seems to compress the ratings into two categories – either “very rare” or 
“unlikely”. I am wondering whether it is worthwhile expanding beyond 100 years. 
Would this assist in differentiating the likelihood of the various alternatives more than 
currently? If not, even the language as presented may be questioned by external 
parties/FN such as the use of an “unlikely” descriptor with an associated frequency as 
low as 1:10 years for a dam breach. I realize this table is intended to accommodate 
other smaller hazards such as pipeline breaks etc. but I am worried that this will result 
in other parties questioning the analyses as a whole. I do realize that the rankings are 
relative and that this will likely not change the results of the evaluation. I also 
understand from KP that removal of the safety component in its entirety would not 
impact the rankings; however, I think this is worth having a second look in terms of 
presentation. 

The Likelihood Ratings incorporate frequencies from more than annually to less 
than one event every 1,000 years. This is considered appropriate in the context of 
dam safety risk as well as other significant hazards identified in the High Level 
Risk Assessment.  The definitions for likelihood are provided in Appendix B... 

4. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO Pre-Screening Assessment 
- Fatal Flaw Analysis

We see there has been evolution in the criteria.  I can trace some to discussions we 
have had, but some seem have changed for other reasons. For example, avoiding 
direct impact to white bark pine was a design criteria noted in the presentation for the 
July 20 meeting with Carrier Sekani First Nations, but not in the most recent 
presentation; sterilizing mineral resources, making the project uneconomic, 
minimizing seepage to the environment, were in earlier documents but seem to no 
longer be considered.  We are not saying we agree or disagree with those changes; just 
the rationale for them is not transparent. Can New Gold provide an 
explanation/reason for the evolution of these criteria over the past few weeks? 

As explained during the July 20th presentation, KP adjusted the pre-screening 
criteria to ensure as wide a consideration of candidates as possible in the High 
Level Risk Assessment.   KP was informed from the previous discussion to not 
include economic aspects in the identification and pre-screening of candidates.  
Therefore some of the pre-screening criteria used in the original MAA in the EA 
were relaxed or removed and some added to reflect guidance given by the Working 
Group provided during the presentation (Section 5.3 of Appendix B).  

5. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO Pre-Screening Assessment 
- Fatal Flaw Analysis

In terms of the August 13 presentation, the short description on the importance of the 
criteria identified as fatal flaws – i.e. faults above all others – was very brief and not 
necessarily painting the picture that it was a fault that could not be overcome.  In the 
report, we will need to see a strong rationale why these are in the category of 
“unacceptable” versus being a potential negative effect that could be outweighed by 
other benefits. 

The pre-screening criteria are based on environmental constraints to evaluate the 
group of candidates identified over an area of approximately 30 x 35 km. The 
criteria were developed as questions such that if a candidate responded affirmative 
to the question (e.g. does it encroach on federal or provincial designated land) it 
was excluded from further consideration (Section 5.3 in Appendix B) 

6. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 

EAO Candidate development The candidate development includes some of the same criteria as in the fatal flaw 
analysis (e.g. minimal upstream catchment; sufficient capacity of storage of mine 
waste).  It is not clear why, if the criteria was applied in site selection, it also needs to 
be applied in the fatal flaw analysis (although the water management question in the 

Minimal upstream catchment was not considered in pre-screening.  Sufficient 
capacity for storage of mine waste is a fundamental requirement and was used in a 
preliminary manner to identify the potential candidates.  That criterion was applied 
in a more fulsome manner during pre-screening.  Only Candidates 11 and 20 failed 
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ID # Type Organization Issue/Topic Comment Proponent Response 

(July 2 and 24, 2015) fatal flaw does seem like it might be broader than in the candidate development). the capacity criterion. 

7. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO Candidate development It isn’t clear from the presentation what distinguishes options 5-9 – all of which are 
filtered tailings in the same location.  I assume that will be detailed in the report? 

The candidates differ in the specific location of the filtered tailings and PAG waste 
rock deposits within the same general area.  These candidates are described in 
detail in Section 5.2 of Appendix B. 

8. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: It is not 
consistent with that objective to screen out several slurry options with lower risk 
ratings than the filtered tailings options, as presumably all the slurry options with 
lower ratings have lower risks.  It is possible that those options screened out could 
have other benefits through the MAA that make them a preferred alternative to the 
lowest ranking slurry option in the high level risk assessment. 

The original MAA included in the EIS considered five locations for slurry tailings 
plus the FS Option that combined two locations (Site C and D) and a PAG on-land 
option.  Therefore New Gold has already assessed and compared slurry tailings 
options using MAA within 10 km of the mine site.   Candidates 13 and 15 are in the 
Turtle Creek watershed and scored much poorer in the High Level Risk 
Assessment compared to Candidate 1 (Section 5.2 in Appendix B).  

9. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: 

• It does not seem consistent with the objectives of the TAA to limit the options
carried forward to the MAA to one slurry and one filtered tailings. I cannot
find anywhere this limitation was previously noted.

The first objective of the TAA is to identify BAT and therefore it is reasonable to 
select the best scoring technologies candidates within a given technology for 
further consideration in the MAA. The rationale for selection of the Candidates for 
the MAA is provided in Section 5 and in Appendix B. . . 

10. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: 

• It is not clear from the presentation what the physical stability candidate is
and how it is distinguished from the other evaluation around risk of dam
failure.

The “dry” tailings and PAG waste rock candidate was identified and carried 
forward to the MAA to evaluate a technology that might exhibit the greatest 
physical stability.  The Mt. Polley panel identified water content of the waste as a 
prime determinant of physical stability (Section 5 and in Appendix B). 

11. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: 

• There is no discussion of what risk rating constitutes “high to extreme risk”
versus a risk level appropriate to be brought forward to the MAA.  Could
there also be some filtered tailings options with risks levels that even if they
are higher than the lowest ranked one, still do not cross the threshold of
extreme?

As discussed above, the first objective of the TAA is to identify BAT and therefore it 
is reasonable to select the best scoring candidates within a given technology for 
further consideration in the MAA. The rationale for selection of the Candidates for 
the MAA will be discussed in the TAA report. 

12. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: 

• It appears that all of the selected alternatives for carrying forward to the MAA
are in the same location, which seems to be the one selected prior to this
analysis?  Am I reading that correctly, or are any alternative locations being

All the options carried forward to the multiple accounts analysis (MAA) are within 
the Davidson Creek valley.  This is a reasonable finding from the High Level Risk 
Assessment since locations further from the mine site pose greater risk of tailings 
pipeline failure.  They also render water management and closure more difficult 
since effects in a second watershed to the mine itself must be managed (Section 5 
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carried forward to the MAA? and in Appendix B).  

13. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: 

• Social risk – as discussed on the conference call, it is unclear how “perception
of” potential consequences or of environmental impacts constitutes criteria for
assessing “high to extreme risks”.  It would seem to be more appropriate to
consider factors such as whether the options have the potential for loss of life
or property or areas of high value to people as a result of failures.

Upon further consideration, KP agrees with the comment made by an EC 
representative during the presentation that the primary social hazards are 
considered and evaluated as part of pre-screening.   These hazards include:  

• Will the candidate result in deposition of tailings into a fish-bearing lake?
• Will the candidate be partially located in the Blackwater River watershed?
• Will the candidate be located in the ungulate winter range?
• Will the candidate encroach on provincially or federally designated lands

(e.g. parks and protected areas) and/or private lands?

These criteria were identified by government representatives, First Nations and 
other stakeholders during consultation sessions with New Gold.  Therefore KP will 
remove the social hazard from the High Level Risk Assessment.  Note that social 
aspects will be considered further as part of a Human Environment account in the 
MAA (Section 6 and Appendix C). 

14. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO High level risk 
assessment 

The memos note that the purpose is to “screen out alternatives with high to extreme 
risk based on criteria related to safety, water quality and execution”: 

• Damage loss in consequence ratings – is this to New Gold only, or does it take
into account other economic activity (including subsistence economy) that
may be affected by these events?

The damage loss in the consequence ratings used for the High Level Risk 
Assessment applies only to New Gold.   Damage loss to the “subsistence economy” 
is considered in the Aboriginal Rights and Title and indirectly in the Environment 
consequence ratings.   Potential effects on the “subsistence economy” will also be 
considered in the Human Environment account in the MAA (Section 9). 

15. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO Dam Design It was explained that the reason filtered tailings resulted in a higher risk level than 
slurry was the dam to house the PAG waste rock, and the fact that the water would be 
right up against the rocks and there was no tailings beach.  Is that considering best 
available design for water dams?  Is there not a way to design a primarily water 
storage dam to address this issue? 

A beach cannot be created for a dam containing only waste rock as it is not possible 
to segregate the limited fines in waste rock.  Hydro power and water reservoir 
dams are constructed without beaches. 

16. Tailings Alternatives 
Assessment 
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO Consultation The memos of July 2 and 24, 2015 noted that in Q3 there would be a meeting 
coordinated by UBC with key First Nations to review and seek input of the evaluation. 
Please provide an update on the status of that meeting (still planned? Has it occurred? 
What were the outcomes?). 

New Gold has made approaches through UBC to hold a meeting specific to this 
evaluation with key First Nations but this has not taken place. However, First 
Nation representatives were invited and participated in the consultation meetings 
held in June, August and October of 2015. 

17. Tailings Alternatives 
Assessment 
Presentation (August 

EAO Consultation The memos/presentations reference “key” First Nations – assume it is all Schedule B 
First Nations? 

The key First Nations referred to in the presentation are the Aboriginal groups 
listed in Schedule B of the Section 11 Order.  The Aboriginal groups are listed in 
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13, 2015) and Memos 
(July 2 and 24, 2015) 

Section 1.6. 

18. Tailings Alternatives 
Assessment -
Presentation (August 
13, 2015) and Memos 
(July 2 and 24, 2015) 

EAO Consultation The presentation talks about reviewing with “stakeholders”. EAO would like 
clarification on New Gold’s plans in this regard – are stakeholders a broader group 
than the working group?  Are there specific potentially affected stakeholders New 
Gold intends to consult with?  Does this include the working group? 

The stakeholders include the attendees of the consultation meetings held in June, 
August and October of 2015. These are provided in Section 1.5 

19. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO First Nations – Gareth Mullens, asked if the sensitivity analysis will focus on First Nations (i.e., 
current use) only.  

Tim Bekhuys confirmed that one of the sensitivity analyses will focus on First 
Nations. The analysis considers only Current Use of Lands and Resources for 
Traditional Purposes (Section 6.5 and detailed in Appendix C) 

20. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Changes to EA 
Application 

Gabi Matscha questioned whether there would be any changes to the EA Application 
to incorporate the new design elements and contingency measures identified in the 
presentation. 

Keith Ferguson noted the water balance in the EA Application captures average 
conditions. The new design elements would not affect average conditions. With the 
new design elements, the same water quality results would be predicted. The 
design elements are summarized in Section 8 of the TAA and Appendix D. 

21. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Potential environmental 
effects of contingency 
measures 

Gabi noted the Ministry of Environment (MOE) needs to understand the implications 
of discharging to the receiving environment via the operational spillway contingency 
measure. 

Keith responded that water quality is normally not predicted for contingency 
measures in environmental assessments. Potential environmental effects of the 
contingency measures are provided in Section 8 

22. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Likelihood of use of 
contingency measures 

Gabi noted that it depends on the likelihood of using the contingency measure and 
that an assessment may be required for permitting. 

Keith responded the likelihood of using the operational spillway is very low. 

23. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Tailings reclamation Trefor Smith questioned what kind of cover that would be used for the filtered 
tailings/submerged PAG option. 

Keith Ferguson responded covers typically include a layer of compacted clay or till 
layer with overlying topsoil. 

24. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Expansion of TSF Trefor questioned whether the tailings storage facility is large enough to accommodate 
a mine expansion. 

Tim commented that New Gold is exploring other areas but has not found anything 
that would change the Blackwater Project as currently planned. If an additional 
deposit is discovered, New Gold would apply for separate approvals for any future 
mine expansions. This is not subject to the current environmental assessment. 

25. Tailings Alternative 
Assessment – 
Presentations on 

EAO Potential environmental 
effects of contingency 
measures 

Justin Himmelright referred to the new design element where water would be 
transferred and stored in Site C during the operation of Site D. He asked if there was a 
risk of losing water to the west. 

Dan Fontaine responded the seepage to the west would be mitigated by the 
hydraulic barrier (easterly groundwater gradient in Site C TSF) controlled by the 
spillway elevation at Site C (addressed in Section 8. 
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October 8 and 13, 2015 

26. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Design basis for paste 
tailings option 

Kim Bellefontaine asked about the location of tailings discharge for the Paste Tailings 
option and asked if it could be moved around or whether there could be multiple 
discharge locations. 

Dan Fontaine responded that this is not the design basis for the paste option, and 
that a central discharge point was most practical and appropriate given the long 
containment dam length. Discharge location could be moved to multiple locations 
if the tailings were not ultra-thickened paste; as is the case for the thickened-slurry 
option. 

27. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

MEM Solids percentage for 
tailings 

Heather Narynski asked about the solids percentage for thickened-slurry and paste 
tailings and the slopes of the filtered tailings deposit. 

Dan responded that the gravimetric solids content (percent solids) in the tailings is 
50% for thickened tailings and 65% for paste tailings. Dan confirmed the slope of 
the filtered tailings stack option would be 3 horizontal to 1 vertical (Appendix B). 

28. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

Source 
Environmental 

Tailings beach 
maintenance 

Rina Freed questioned how beaches are maintained. Dan responded by moving the spigots and maintaining the pond water balance. 

29. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

Source 
Environmental 

Pond location on paste 
option 

Rina asked if, for the paste tailings option, consideration was given to moving the 
water to a separate location so there is no water against the dam. 

Dan indicated that water could be decanted and removed from the impoundment, 
but that water would still need to be stored elsewhere on site in an impoundment 
or reclaim pond similar to the filtered tailings with PAG on-land option due to the 
site’s water balance. This would still require a water retaining dam. This was not 
selected as the design basis for the paste option. 

30. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

MEM Tailings beach Heather Narynski asked what the minimum beach being proposed was 300 metres 
and was it based on the feasibility study 

Dan indicated that the minimum beach being proposed was 300 metres based on 
the feasibility study.  The feasibility study actually approaches it differently, with a 
freeboard requirement and 1% beach slope.  Beach length can be determined as a 
function of these two inputs. A freeboard of 3 m at a 1% slope would be 300 m of 
beach.  The freeboard requirement would change throughout operations as the 
dam is raised, and likely be 4 m or greater, which equates to at least 400 m of beach.  
Beach length could be discussed further in permitting and could become a 
quantitative performance objective (QPO).  The time of measurement and method 
of measurement would need to be agreed upon for this to be a QPO.  

31. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

MEM TSF Pond Size Kim Bellefontaine enquired whether the Site D TSF pond would be smaller during 
closure 

A smaller pond in closure would be located in an area and have a volume that 
maintains saturation of PAG waste rock disposal areas. Updating the closure 
concept for a smaller pond will be carried out during permitting. 
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32. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Dam breach Jennifer Karmona asked about the risk of a tailings dam breach... Keith responded that the risk (likelihood and consequences) of a tailings dam 
breach were incorporated into the high level risk assessment and in the MAA by 
considering pond location, water balance, upset conditions and other physical 
stability factors (Sections 5 and 6 and Appendix C) 

33. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Dam breach Jennifer questioned whether failure costs of a tailings dam breach were considered. Dan responded that the likelihood and consequence of such a failure were 
considered in the high level risk assessment (Appendix B). 

34. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

Source 
Environmental 

Dust generation Rina Freed asked whether there is a wind tunnel at the site like at the Endako mine 
site, noting Nadleh Whut’en is concerned about dust generation. 

Gerry Papini responded that dust generation is considered for the technology 
options in the MAA. The prevailing wind direction is from the southwest and siting 
a TSF with respect to the prevailing wind direction can also influence air quality 
through fugitive dust emissions (Sections 1.6). 

35. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

Source 
Environmental 

TSF pond location Rina commented that Myra Falls does not have ponded water against the dam. Dan indicated that water could be decanted and a portion removed from the 
impoundment, but that water would still need to be stored elsewhere on site in an 
impoundment or reclaim pond similar to the filtered tailings with PAG on-land 
option.  This would still require a water retaining dam.  This was not selected as the 
design basis for the paste option (Section 8 and Appendix D). 

36. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

MEM Interim emergency 
discharge structure 
(operational spillway) 

Kim Bellefontaine asked if spillway is built over the mine life Dan confirmed the spillway would be built over the mine life and moved 
periodically, noting it would be approximately a 4 metre deep excavated channel 
with the capacity to convey the probable maximum flood.  It would become the 
secondary emergency spillway during closure (Section 8 and Appendix D). . 

37. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

MEM Temporary and 
premature shutdown 

Kim asked how the water balance would be managed in extended care and 
maintenance with respect to the open pit  

Dan commented that several scenarios will be considered: temporary shutdown, 
longer term shutdown care and maintenance, premature closure and long-term 
closure (Section 8).  

38. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO TSF pond location EAO noted that at existing mines, the location of ponded surface water in Tailings 
Storage Facilities moves as points for depositing materials shifts. In this case, can/will 
appropriate beaches be maintained? 

New Gold responded that a minimum beach length could be specified as a 
quantitative performance objective (QPO) and would therefore be maintained in 
operating plans.   

39. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Sensitivity analysis in 
MAA 

For comparison, can a revised figure of the overall MAA results be provided that does 
not include the Project Economics account. 

New Gold responded that a sensitivity analysis excluding the Project Economics 
account will be included in the report (Section 6 and Appendix C).  
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40. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

Source 
Environmental 

Multiple Accounts 
Analysis 

Rina questioned whether the Excel spread sheet (digital file) for the MAA will be 
provided to the Working Group.  . 

New Gold suggested first that the TAA report be circulated as planned to the 
Working Group, and offered to meet with the Working Group following circulation 
and review of the report. Detailed MAA tables provided in Appendix C. Should 
there remain additional questions and a desire to review the Excel spread sheets 
after that time, New Gold would then provide the spreadsheets (Appendix C). 

41. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Temporary closure Will water management be including in temporary closure New Gold indicated the report will include a description of water management 
during temporary closure (Section 8). 

42. Tailings Alternative 
Assessment – 
Presentations on 
October 8 and 13, 2015 

EAO Table of Concordance EAO asked about inclusion of a concordance t able that outlines how the requirements 
of the EAO March 19, 2015 are addressed in the report.  The EAO provided New Gold 
with a guidance document 

New Gold committed to include a concordance table (Appendix A).   
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PROPOSED BLACKWATER PROJECT 
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Location: ERM Offices, 1111 West Hastings Street, Vancouver 

Subject: Working Group concerns regarding water quality and related topics, and New Gold Fisheries Offsetting 
Plan 
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Sub‐working Group Meeting June 7th and 8th, 2017” and Swanson Environmental Strategies presentation entitled 
“Adaptive Management”. 
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Tavis McDonald   British Columbia (BC) Environmental Assessment Office (EAO) 

Steve McNaughton  BC EAO 

Audrey Roburn  BC EAO  

Lowell Constable  BC Ministry of Energy and Mines (MEM) ‐ attended by phone June 7 afternoon only 
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Katherine Zmuda  CEA Agency – attended June 8 only 

Grazyna Chrobok   ECCC 
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Michael Mohammed  ECCC‐MPD – attended by phone, June 7 only 

Bob More  Environment and Climate Change Canada (ECCC) 

Garth Mullins  ECCC – attended June 7 afternoon only 

Ute Pott  ECCC 

Nicole Bishop  ERM Consultants Canada (ERM), on behalf of New Gold Inc. 

Anne Currie  ERM, on behalf of New Gold Inc. 

Amy Elliott  ERM, on behalf of New Gold Inc. 

Lesley Shelley  ERM, on behalf of New Gold Inc. 

Gareth Wolff  ERM, on behalf of New Gold Inc. 

Ian Bergsma  Fisheries and Oceans Canada (DFO) – by phone, attended June 7 afternoon only 

Zsolt Sary  Forests, Lands and Natural Resource Operations (FLNRO) – by phone, attended June 8 only 

Mike Keefer  Keefer Environmental Services, on behalf of UFN / LDN 

Dan Fontaine  Knight Piésold (KP), on behalf of New Gold Inc. 

Cindy Starzyk   KP on behalf of New Gold Inc. 

Alan Martin  Lorax Environmental Services Ltd. (Lorax), on behalf of New Gold Inc. 
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Don MacDonald 
MacDonald Environmental Sciences Ltd., on behalf of Carrier Sekani Tribal Council (CSFN) – by 
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Lea‐Marie Bowes‐Lyon  Major Mine Permitting Office (MMPO) – by phone, attended June 7 only 
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Ryan Todd   New Gold Inc. (New Gold) 

Sachi DeSouza  New Gold 

Rick Palmer  Palmer Environmental Consulting Group Inc., on behalf of New Gold – by phone June 7 only 

Rina Freed 
Source Environmental Associates Ltd. (Source), on behalf of CSFN, Lhoosk’uz Dene Nation (LDN), 
and Ulkatcho First Nation (UFN)  

Stella Swanson  Swanson Environmental Strategies Ltd, on behalf of UFN / LDN 
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DAY 1 – JUNE 7, 2017 

Welcome, Introductions, Agenda Review 
 A round table of introductions was conducted by Tavis and Christal, including phone introductions. 

 Slide 2: Review of meeting objectives and Agenda Topics 
o Following the meeting, it was agreed the EAO, CEA Agency, and New Gold will compare notes 

and distribute to the Working Group (WG) for review. Following the WG Review, the meeting 
minutes will be finalized and posted. 

Water Management and Water Quality Conceptual Model for Closure and Post‐Closure 
New Gold provided a presentation of water management and the water quality conceptual model.  

 Devan (BC MOE):  Requested confirmation on the inputs for the Sediment Control Ponds (SCPs), and 
if the mine would be closed in Year 18  
o Dan (KP): Answered that SCP 4 is positioned for a borrow area downstream of Tailings Storage 

Facility (TSF) D. SCP 3 is located near the operation camp area. Confirmed the mine is expected 
to end operations in Year 17 with closure beginning in Year 18. 

 Rina (Source): Inquired about what changes between the Operations and Closure phase 1? 
o Gareth (ERM): Explained the key changes occur during the Closure phase, when the mill has 

stopped and is no longer onsite, and the pit is being filled.  There are no proposed changes 
during the operation phase. During Closure, water in the Environmental Control Dam (ECD) is 
pumped to the pit instead of TSF D, in order to speed filling of the pit. Noted the Low‐grade Ore 
(LGO) stockpile is processed during the last three (3) years of operations and is no longer present 
at Closure. Confirmed the Water Treatment Plant (WTP) is not operational until later in the 
Closure phase. 

 Bob (ECCC): Noted Years 1 – 17 the non‐contact diversion bypasses the mine site and goes 
downstream to Davidson, and Years 18 – 30 those are no longer diverted, instead going into TSFD and 
TSFC.  Inquired on the reason for this  
o Dan (KP): Confirmed the intent is to fill the pit lake as fast as possible. 

 Steve (EAO): Inquired where the ECD is relative to the TSFs 
o Dan (KP): Demonstrated where the ECD, TSFC and TSFD are using the figures in the room.  The 

ECD is approximately 1km downstream of the TSF D main dam. 

 Rina (Source): Asked for clarification on how the freshwater diversions will be constructed and where 
they will be located.  
o Dan (KP): Confirmed the design of the diversion is a channel to a central collection point and 

routed into pipelines. The pipelines goes to the Fresh Water Reservoir (FWR) or downstream of 
FWR during Operations. In Closure water is directed to TSF D and then pumped to the Open pit 
to help expedite filling the pit.  In Post‐closure the diversions direct water downstream to 
Davidson Creek. 

 Sachi (New Gold):  Provided additional detail on what is being treated in Closure phase, noting the 
overall goal is to quickly fill the pit with water from TSF C and ECD, and to treat TSF D to improve the 
water quality behind the dam.  
o Gareth (ERM): Noted by Year 38, the sediment control ponds have been decommissioned. During 

Post‐closure there will be an overflow of TSF D via the closure spillway to the plunge pool that 
will flow into Davidson Creek. 

 Grazyna (ECCC): Inquired about the capacity and flow rate of fresh water supply system from the lake 
o Dan (KP): Confirmed the capacity of the system is 660 L/s, noting the instream flow need ranges 

from ~120 L/s to 560 L/s, depending on the time of year 

 Devan (BC MOE): Asked KP to confirm the purpose of rapidly filling the pit lake  
o Dan (KP): Responded that this is based on geochemical considerations, and that it is best to cover 

the areas of the pit walls where there are PAG materials. Noted it can be done or not done, 
depending on best practices and the best use of that water. 
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o Amy and Gareth (ERM): Noted the pit benefits from rapid filling, and the overflow from the pit is 
treated during Post‐closure (geochemical rationale) 

 Steve (BC EAO): Requested confirmation on whether the FWR becomes the plunge pool, or if they are 
two different things. 
o Dan (KP): Confirmed the plunge pool is separate and downstream from the FWR, downstream of 

the TSF spillway. Noted the FWR is intended to maintain flows in Davidson Creek, and acts as a 
reservoir, downstream of the ECDs where seepage is collected. Holds roughly a month of water, 
and is released as needed for instream flow requirements. The plunge pool disperses energy and 
prevents erosion at confluence with Davidson Creek. 

Timeline for Water Treatment: Physical, Geochemical, and Engineering Processes Influencing 
Long‐term Water Quality 

 Beverly (NWFN): Asked how many people are required to run this in Post‐closure, and how long 
people will be needed. 
o Sachi (New Gold): Noted rough numbers were provided in the February submission.  Estimate is 

currently 2‐5 people will be required to operate WTPs (3 people onsite, some offsite support). In 
addition, a couple people will be required intermittently for maintaining diversion channels, etc. 
With regard to the duration query, noted a fixed duration can’t be determined at this time, as 
people will be needed until the water is of acceptable quality. 

o Gareth (ERM): Noted treatment will be required until discharge is possible without treatment. 
The model was run out until 331 years; however noted limitations and uncertainties about 
modelling this far into the future.  Noted that there is an expectation that over time, the water 
from the TSF and pit would improve as a result of several processes (physical and 
biogeochemical).   

o Gareth and Amy (ERM): Further explained some uncertainties and limitations of predicting water 
quality out for more than 300 years. On those timescales, there are physical, chemical, and 
engineering processes that cannot be quantified but are expected to occur (e.g., sulphate 
reduction in pit lake, sulphide and metal burn‐out in pit walls and tailings, improvements to 
treatment technologies, hydrological changes due to climate change). 

 Stella (Swanson): Inquired on the probability or confidence, based on your professional judgment, 
that the physical or chemical processes will result in the water treatment eventually not being 
required. 
o Amy (ERM): Confirmed very high confidence that once the mine stops operating, discharge 

quality will improve over time and eventually water treatment will not be required. There are 
many analogue sites from operating mines that are not available in the public domain. However, 
the timing is not known at this time. 

o Stella (Swanson): asked if existing analogues extend to sulphates? 
o Amy (ERM): Yes. Ongoing monitoring considers all parameters 

 Rina (Source): Stated that don’t agree with all that is being said, but there is an agenda item to 
discuss this topic later. Does agree that someday the water quality will improve, but it may be quite a 
bit longer than a few hundred years. 

Issue 8 ‐ Active Water Treatment 
 Patrick (BQE): Presented slides on the Sulf‐IX WTP and the performance of nanofiltration  

 Grazyna (ECCC): Inquired about the Conservative Lower Bound Removal Rates for cadmium (Cd) and 
zinc (Zn), asked if their being set at 99% is high 
o Patrick (BQE): Confirmed 99% is quite conservative, noting there are two layers of treatment to 

remove these parameters, described as: 
 1) the pre‐treatment before the nanofiltration, with 99.9% Cd removal; and 
 2) nanofiltration treatment where divalent cations are rejected quite strongly by 

nanofiltration and 99% removal is reasonable.   

 Sean (BC MEM): Referenced the Arizona plants and pilots from last year, and wanted to know if that 
data had been presented to the WG. 
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o Patrick (BQE): Confirmed the data were not presented, noting the data were used to support the 
removal rates of sulphate and to inform the design. The results from the other project (Sierrita) 
are more representative and relevant to this Project. 

 Tavis (BC EAO): Asked BC MEM if they required this information 
o Sean (BC MEM): Confirmed the more information the better, as is helpful to address 

uncertainties.  
o Patrick (BQE): One of the comments from Devan (BC MOE) mentioned this pilot as well, and did 

provide a very high level summary to this within Comment 1396 (see Appendix B). 

 Byron (CEA Agency): Requested a rough idea of the footprint 
o Patrick (BQE): Confirmed the footprint to be about 2200 m2 
o Steve (EAO): Inquired if that footprint estimate includes the ponds? 

 Patrick (BQE): Indicated no, it only includes the infrastructure associated with the 
plant 

 Stella (Swanson): Noted the several alternatives for managing sludge/solids.  Requested to know how 
are those decisions going to be made? 
o Gareth (ERM): Confirmed the plan for gypsum is to deposit in lower layer of pit, but there are 

other options which are listed.  
o Patrick (BQE): Noted that gypsum is not a high value product, and the preference is to keep it 

relatively close to site. 

BC MEM’s Review of Water Treatment Information  
Sean (BC MEM) ran through the BC MEM review of Water Treatment Information, noting he would defer to New 
Gold on technical aspects. 

 Tavis (BC EAO): Noted a number of conversations between BC MEM, BC MOE and New Gold in April 
and May for the Sulf‐IX WTP. Would like to ensure the comments / responses are available for 
Working Group members to review and remain open for discussion. 

 Sean (BC MEM): Three different treatments; 1) Metals Removal (MR) plant (standard); 2) sulphate 
removal (not a standard treatment, not used in BC mining, but one analogue in mining provided); and 
3) Nanofiltration (not used in BC mining context, analogue data not in a mining context): 
o 1) MR: system is well understood and well constrained.  Some site‐specific bench‐scale piloting 

work presented.  This is sufficient at the EA stage from BC MEM’s perspective and is not a 
concern to BC MEM at the EA stage.  Noted more information to be required in permitting. 

o 2) Sulphate ion exchange: Noted numerous conversations have occurred with NG, BQE and ERM. 
And referenced Comment 1391 (see Appendix C). Noted technical uncertainty with this, but 
technology should be provable for Blackwater. This is because there is not yet site‐specific data, 
only analogue but at a smaller scale. Uncertainty around timelines and treatment targets for 
Blackwater, as analogue is not exactly the same. Given the information provided at this point, 
MEM indicates there is some technical uncertainty. 

o 3) Nanofiltration: Wholly conceptual, no site specific information or analogue data. BC MEM’s 
perspective is that more representative data are required at permitting level. Reference to 
Comment 1396 (see above for the excerpt). NG/ERM/BQE provided lower bound conservative 
removal efficiencies in the absence of site specific of analogue data, which helped alleviate BC 
MEM’s concerns.  BC MEM concludes that there is significant uncertainty; no additional 
information is available to address uncertainties. 

o Sean (BC MEM): Note that MEM also had additional comments.  All comments have been 
addressed to BC MEM’s satisfaction. 

 Tavis (BC EAO): Wanted to confirm the whole WG is aware of BC MEM’s comments and the 
responses.  Requested any questions for Sean (BC MEM) to be brought forward. (No questions) 

 Patrick (BQE): Added additional context for Sulf‐IX and NF.  Sulf‐IX demonstration facility operated for 
4‐5 years. For the nanofiltration (NF), it is difficult to find perfect analogues. NF is a well‐known 
treatment technology, and while it has not been used in the BC mining sector, it is not a 
developmental technology. Source of predictions coming from respected literature regarding best 
available treatments/technology for water treatment.  Although it is not based on site‐specific 
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information, it is important to recognize that NF is a commonly deployed technology. Also, the impact 
of pH on ammonia rejection by NF is well‐recognized. When ammonia is ionized (lower pH), then it 
can be effectively rejected by NF better than when it is non‐ionized (high pH).   
o Sean (BC MEM): Stated appreciation for the additional context, and noted that these are not 

untested systems, just untested for these practices  

 Sean (BC MEM): Noted provision of forward‐looking statements to give proponents a heads up on the 
requirements in permitting if the treatments are for Closure/ Post‐closure, and are well understood 
and implemented in BC.  For both NF and Sulf‐IX, expect that site‐specific piloting would be required 
in permitting because these are not conventional systems in BC mining.  Would also want more 
information up front related to technical feasibility and CAPEX costs. 
o Rina (Source): Confirmed support for BC MEM’s conclusions, and noted her questions are not 

about feasibility or achievability, instead around water quality predictions and volumes/capacity. 
In addition, Rina indicated she has two EA conditions she would like to propose. 

 Tavis (BC EAO): Next steps ‐ Address uncertainties or consider conditions around how those would be 
addressed. 

 Ryan (New Gold): Confirmed no other information to be brought forward at this point; however New 
Gold remains interested in discussing the conditions, assuming that an Environmental Assessment 
Certificate (EAC) is to be issued. 

Issue 2 ‐ Duration of Water Treatment  
 Gareth (ERM): Stated active treatment in Post‐closure will continue until water quality is acceptable. 

Noted it is not possible to set a specific end date for treatment due to uncertainties, however a 
variety of factors than can influence or cause a decrease in concentrations over time have been 
discussed. 
o Ryan (New Gold): Commented that long‐term treatment is considered acceptable if all other 

options are also being considered. Noted wetland treatment was initially proposed for long term 
treatment, however was later discarded as a result of comments from the WG. Noted New Gold 
is still committed to piloting wetlands at site to demonstrate this (unable to demonstrate for 
permitting, however are fully committed to doing this at a later date). 

o From slide 9:  Active treatment in Post‐Closure will continue until monitoring indicates that direct 
discharge of untreated flows will meet permit limits. Due to the limitations in modelling centuries 
into the future, an end date to treatment cannot be identified at this time. However, several 
processes are likely to be observed on the modelled timescale that would result in attenuation of 
predicted concentrations.  

 Devan (BC MOE): Identified that last trendlines he saw showed water quality contaminants on the 
rise, not declining. Although not necessarily opposed to long term water treatment, this seems to be 
a 17 year mine life with perpetual water treatment. Cannot think of an example where this was 
accepted elsewhere. Noted the land should be brought back to the original state.  

 Gareth (ERM): Stated the key contaminants of concern are sulphate, Zn and ammonia. Sulphate is 
very low in the waste rock loading.  

 David (BQE): Noted he was not involved in the modelling, but from a high level treatment perspective 
the two constituents of concern were sulphate and ammonia. Noted there will finite mass of sulphate 
at end of operations and a significant component of sulphate is put into the system during 
operations; therefore, once the load has been flushed out will not reappear. Ammonia is also directly 
related to operations and will not be perpetually created‐ once removed it will be gone.  No doubt 
that that will attenuate over time and there is finite load at the site. Different from e.g. Britannia, 
where leaching continues because of continual ARD within the mine. 

 Alan (Lorax): Commented that the source terms for tailings were developed from saturated columns.   
o Referred to the progressive depletion of ammonia and sulphate over time, noting the predictions 

were based on the upper end of the concentrations in those columns, but did not factor in 
depletion over time. Confirmed there is geochemical evidence that this will occur. 

o Rina (Source): Stated agreement with general argument Alan (Lorax) and David (BQE) made. 
Requested explanation of the attenuation mechanism for sulphate. 
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 Grazyna (ECCC): Asked if the exposed pit walls would be a potential source of Metal Leaching / Acid 
Rock Drainage (ML/ARD) 

 Sachi: Suggested the WG go through the potential loads from the pit walls, TSF, etc. to understand 
sources and potential attenuation 
o Gareth (ERM): First process is the burnout of sulphides and metals from waste rock dumps or pit 

walls: 
 Expect this to result in progressive depletion of sulphate and other metals leaching 

out.  The key Contaminants of Potential Concern (COPCs) are sulphate, zinc, and 
ammonia; of those, sulphate is low from waste rock loading. Sulphate is noted to be 
coming from processing during mine life, and is in tailings seepage source terms. 
The principal sources for most metals (e.g., zinc) in the pit are pit wall loadings. 
Burnout of sulphide minerals would result in decrease in these concentrations, 
which are assumed to be load constantly throughout Post‐Closure. 

 Sean (BC MEM): Asked if the time to sulphide and zinc depletion in waste rock was 
calculated. 

 Gareth (ERM): Confirmed that information was not immediately available. 

ACTION : to assist with understanding the long‐term processes which could affect long term project loadings of 
sulphate and zinc, New Gold will provide an estimated time for sulphide and zinc depletion from waste rock and 
tailings (estimated from humidity cell sulphur and zinc consumption rates). 

 Ryan (New Gold): Noted there had been several holes drilled in the periphery of the 
open pits. Block model shows that the primary materials are outside of mineralized 
zone and in NAG5 material – not potentially acid‐generating (PAG)  

 Rina (Source): Stated pit walls are not a meaningful source of ML/ARD 
o Gareth (ERM): Second process is sulphate reduction in the lower layer of the pit lake: 

 Alan (Lorax): Stated there are a couple of locations that are likely to see sulphate 
reduction occur; including the TSF, in pore water (which may develop anoxic 
conditions conducive to sulphate reduction, particularly when in contact with native 
substrates), and in the pit lake. Noted the pit lake is predicted to be permanently 
stratified, with anoxia in lower stratum.  Sulphate reduction in pit lakes has not 
been incorporated into model. Noted there is not a need for a lot of sulphate 
reduction to offset the introduction from brine over the long term.  High confidence 
that these forms of attenuation will occur in both the pit lake and TSF.  For 
conservatism these have been left out of the models entirely. 

 Sean (BC MEM): Inquired if there would be native soil removal during TSF 
construction.  

 Dan (KP): Confirmed the native top soil would be stripped in the footprint of the dams..  If 
there are higher value soils within the basins they can be stripped for reclamation as well.  

 Sean (BC MEM): Asked if it is possible to reconcile the sulphate reduction in the TSF with soil 
removal? 

o Alan (Lorax): Confirmed there are always organics associated with tailings, including 
lots of DOC; therefore, would expect that to drive the sulphate reduction reactions, 
even in the absence of organic foundation materials. 

o Gareth (ERM): Third process is the flushing of pore waters, which would expect to occur over the 
long term in the TSF, consistent with what was seen in the saturated column data. Noted this is 
not accounted for in the model. Anything that reduces loads in the influent to the WTP will 
decrease the quantity or improve (i.e. lower concentrations) the quality of the brine, which is 
deposited into the lake, which influences the pit overflow, which then improves the water quality 
of the TSF overflow, which improves final effluent quantity and quality. 

 Rina (Source): Questioned what timescale is required for flushing of porewater from 
waste rock and tailings. 

 Dan (KP):  Responded that at conceptual level, it could take on the order of 50 years 
for 1 pore volume to seep through the TSF. 
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 Alan (Lorax): Noted if considering dilution only, would expect the concentrations to 
be halved after each pore volume passed through, with approximately 5% of the 
initial concentration remaining after five pore volumes.  However, there are other 
geochemical processes (e.g., gypsum dissolution) and physical processes (e.g., 
variability in flushing pathways) that will result in the reduction not following a pure 
dilution curve.   

 Rina (Source): asked if could calculate, based on how much mass is in the tailings 
facility, how much mass is taken out by the end of the modeling period? 

 Alan (Lorax): indicated that to do this calculation would need a good understanding 
of the amount of soluble sulphate in tailings. 

 Grazyna (ECCC): Requested an explanation of attenuation in terms of seepage travel times. For 
example, how long is it expected to take to reach the plunge pool or the ECD pond? 
o Cindy (KP): Responded that seepage flow paths are deep, and travel times from the pit are 

upwards of 50 to 1000 years. Seepage travel time from the tailings pond to the ECD is predicted 
to be less than one year.  

o Rina (Source): Stated that seepage may decrease loadings in the short term, but increase it in the 
long term. Long travel times cause a delay in the time taken to get to a stable equilibrium.   

 Dan (KP): Clarified that this may be true in relation to long pathways. Also note that 
the assessment assumes seepage reports immediately; there is no lag time in 
seepage reporting. 

 Gareth (ERM): Stated that the big picture is that these are understood processes 
and anticipated to happen at site. However, there are still no exact timescales 
therefore they were not included in the model. Overall, the processes will result in 
decreasing sulphate and metals. What was modelled is close to the highest 
concentrations which could be expected. 

o Rina (Source): Noted another modeller (Steve Day) took a very simple switch approach to 
modelling final stable conditions. 

 Gareth (ERM): Identified sulphate as a driver for many of the uncertainties. For the 
pathway from the pit to Davidson Creek, the influence on Davidson Creek was 
assessed for conditions when the pit was entirely brine, and a maximum of 10% 
increase in sulphate was observed in Davidson Creek. This is well within the 
uncertainties found in the model, and ERM does not believe that running the model 
out over the long term makes any difference. 

 

Issue 5 ‐ Seepage  
Cindy (KP) provided presentation re: seepage 

 Cindy (KP): Seepage modelling includes both 2D and 3D, and in the watershed model, all seepage 
from TSF C goes into TSF D. The 2D modelling shows that seepage leaves TSF C, goes subsurface, and 
enters waste rock within TSF D.  In Operations, this flows through the waste rock and contributes a 
flow to TSF D supernatant. Later on, the low permeability tailings cover blocks the seepage pathway 
to the TSF supernatant.  Seepage from TSF D and seepage from TSF C that does not report to TSF D 
pond is captured at ECD and pumped back to site. 
o Rina (Source): Asked if this was incorporated into the water quality model 

 Cindy (KP): Confirmed this can be represented in more detail in the model, but this 
has not been done in the current WQ model  

Issue 5a – k values for completely weathered bedrock  
Discussion for Slide 25: regarding K Values (Issue 5a):   Could you explain further why the K value for the 
completely weathered bedrock was not adjusted in the updated TSF seepage analysis, while K values for other rock 
formations was updated? Also discuss how changes in the K values will affect the water quality predictions. 

o Cindy (KP): Noted seepage sensitivity modelling was completed in 2013/2014, and re‐done in 
2016. Based on some work done in the last few days, increasing permeability for completely 
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weathered bedrock has a negligible effect on (a few L/s) on total or unrecoverable seepage, as 
compared to sensitivity case in which seepage was doubled. 

o Grazyna (ECCC): Noted layers of materials on slide 24, which is modelled as very thick uniform 
layer, however in KP’s report it is only present in the valley and not in the upper elevations. 
Queried how it was modelled and what was the thickness. 

 Dan (KP): Noted there is completely weathered bedrock all the way up.  At times 
the bedrock can be confused with older tills since it can be broken up by drilling. 
There is low permeability material to some depth observed across the site. 

o Grazyna (ECCC): Questions on the K Values: 
 Noted the K value increased from e‐8 to e‐7, which only increases seepage by 4%. 

Question on why this is considered negligible, as it is still 3.5 L/s or more.  
 Concern on the unrecoverable seepage and the influence of the thickness and 

permeability of the layer for the amount of unrecoverable seepage (and resulting 
loading of contaminants in Davidson)  

 Asked how the increase in seepage would increase the COPCs in Davidson Creek 
below the ECD 

 Asked why the layer of impermeable rock (completely weathered bedrock) is so 
thick 

o Cindy (KP): Responded to explain total seepage is controlled by the overburden unit, i.e. the 
ability of the seepage to flow under the main embankment. This unit limits flow beneath the dam 
and access to the lower units. If the completely weathered bedrock permeability is increased to 
1e‐7 m/s, which is approximately the same permeability as the overburden unit, it will result in a 
3‐4% increase in total seepage.  However, if the overburden unit permeability is increased then 
the predicted total seepage rate increases by approximately 100%. Hence the overburden unit is 
the controlling sensitivity case for total seepage.  Unrecovered seepage is controlled by the 
permeability of the overburden unit and the fractured bedrock layers; unrecovered seepage is 
predicted to be less when the permeability of the completely weathered bedrock unit is 
increased.  

o Dan (KP): Confirmed the seepage wants to remain in the overburden layer and pop up beyond 
the dam.  

 Grazyna (ECCC): Questioned how that change would influence the distance of plume travel or 
surfacing at Davidson Creek or in Creek 661, and if it would influence fish‐bearing water (i.e. 
daylighting in Davidson Creek?) 
o Cindy (KP): Confirmed this is a potential, but was not assessed. Noted the amount of seepage 

going downstream which is not captured by the ECD is small. Referred to slide 107 to show the 
seepage pathways and the location of the assessment nodes (Issue 11). 

 Bob (ECCC): Asked if this in the order of 50 years, or 1000 years.   
 Cindy (KP): Confirmed the travel time for seepage to travel from the open pit to 

Davidson Creek is in the order of 100 to 1000 years, and seepage travel time from 
TSF D to Davidson Creek is more than 50 years and up to 100s of years.   

o Grazyna (ECCC): Request clarification on if completely weathered bedrock is more permeable, if 
the seepage travels further / faster? 

 Cindy (KP): Confirmed that when permeability is increased, there is an increase in 
the amount of seepage beyond the seepage collection and ECD, and unrecoverable 
seepage increases by 0.3 L/s, from 1.1 L/s to 1.4 l/s 

o Grazyna (ECCC): Noted that this layer does therefore control unrecoverable seepage. Noted that 
the thickness of the layer is set at 50 m in the modeling. What is the thickness of the layer?  

 Cindy (KP): Confirmed from memory 30 to 40m. Noted in the sensitivity for the WQ 
model presented in the August submission, ERM used the higher seepage rates for 
unrecoverable seepage (2.3 L/s), which is higher than what is in the groundwater 
models. 

o Grazyna (ECCC): Question the influence of porosity on the seepage travel time 
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 Cindy (KP): Responded that seepage will have longer travel times through units with 
higher porosity as there is a greater volume of pore space to be filled. The till has a 
greater porosity than the bedrock, and as a result the travel time through the till is 
longer (slower).  

 Dan (KP): Stated that for the purposes of modelling, a base case was required.  The majority of 
seepage and unrecoverable seepage comes from the section near the maximum dam height. There 
are deep deposits of weathered rock, with 30‐40 m as an average value. There weren’t areas where 
this layer wasn’t encountered; because this is unusual in BC extra effort was put into understanding 
what this layer was and why it was present. KP is confident that this is a reasonable thickness to be 
used in the assessment.   

Issue 5b – glaciofluvial metwater channel 
Discussion for Slide 26: Comment from Dave Tamblyn (Incorrectly identified as a CEA Agency Comment in the slide 
deck) 

 Dan (KP): Noted the concern is around the glacial meltwater channel, and how the layer connects 
pore pressures within the waste rock to the dam core zone. John Brodie made a similar comment on 
the presence of this channel. This corridor is assumed based on surficial geology mapping, and its size 
and continuity not yet been verified by site investigation work. We cannot go into the creek as it is a 
fish bearing creek. KP assumed a conservative depth around 15‐20m and a dam core that would go to 
that depth. 
o Within the comment, Dave suggested that one potential solution was to cover the channel and 

prevent the connection, although other solutions are available and can be discussed with the 
Independent Technical Review Board (ITRB). 

 Steve (BC EAO): Inquired if New Gold have given any thought to placing an EAC Condition around the 
glaciofluvial meltwater channel, and requested that this be considered. 
o Ryan (New Gold): Responded that this has not been considered at this time, instead New Gold 

would like to retain the commitment with working with the Independent Technical Review Board 
(ITRB) in the future and through permitting, noting the IRTB has two geotech engineers, 1 
hydrogeologist, and 1 geochemist. Through the ITRB, New Gold will be better able to have an 
integrated discussion and solutions for dam design, and consider other factors that influence 
design (e.g., water cover for PAG rock).  

o Dan (KP): Noted a commitment has been made to work with the recommendations of the ITRB 
and that considerations around geotechnical engineering, geochemistry and groundwater flow 
will all be part of the IRTB review.  

o Sachi (New Gold): Noted this approach will support flexibility, as the ITRB will work through the 
duration of the mine and there will be annual/constant discussions throughout the mine life. The 
requirements from BC MEM related to dam design, monitoring and maintenance will also be 
considered and adhered to.  

 Rina (Source): Stated interest in understanding the ITRB and who controls the board. 

 Tavis (BC EAO): Stated the EAO works with reviewers to identify issues and mitigations, and what is 
appropriate for an EAC Condition. This would be an area where a condition may be appropriate for 
EAC, or could be addressed in subsequent permitting. Noted New Gold also has a commitment with 
First Nations for a collaborative approach to develop those Conditions. 

 Christal (CEA Agency): Stated the Federal Conditions are limited to areas covered by CEAA 2012. They 
look at the conditions proposed by EAO to ensure that federal and provincial conditions do not 
contradict one another.  Encourage New Gold to work with WG and through consultation to 
determine whether other Conditions are required. Noted they have a group at the CEA Agency that 
look at Condition development in areas of jurisdiction and enforceability.  

 Tavis (BC EAO): Requested the WG to put forward any questions related to seepage. 
o Sean (BE MEM): Requested confirmation about uncaptured seepage from TSF to Davidson – 

specifically what the percentage of loading relative to other sources? 
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 Gareth (ERM): Confirmed this is a small volume comparatively, however contains 
relatively high concentrations for sulphate, ammonia and zinc. Noted the seepage is 
not a primary driver of COPCs as a percentage of total load 

 Ryan (New Gold): Stated that TSF D remains relatively unchanged by seepage from 
TSF C to TSF D, and if TSF C seepage no longer goes to TSF D and over the spillway 
then previously predicted concentrations will be conservative. 

 Rina (Source): Requested the new loading charts to be done to show what happens 
when TSF C seepage is now recoverable. 

 Sachi (New Gold): Noted this goes back to effects on sulphate on Davidson, which will be 
discussed tomorrow (June 8) 

 Ryan (New Gold): Stated the predictions in the environment are conservative, and at this 
time New Gold are not planning to redo the predictions or effects assessments.   

Tailings Alternatives Assessment (Issue 1) 
Overview of Objectives 

 Garth (ECCC): Provided an overview of ECCC’s objectives and questions.  

 Rina (Source): Provided an overview of LDN/UFN; noting remaining interest by these First Nations to 
focus on water retention on the mine site. Noted they would like assurance that water retention 
won’t be increased over time on the mine site 

Best Available Technology (BAT) and Tailings Alternatives Assessment (TAA) Presentation 

 Noted that in August 2016, New Gold prepared an evaluation of the effects of changes on the TAA 
and implications of changes in water management. Active treatment was noted to not substantially 
change the results of the TAA, in place of wetland previously proposed. A recommendation was made 
for interested parties to review this report to understand how the conclusions were arrived at. 

 Garth (ECCC):  Does the change from passive to active treatment in Post‐Closure affect the economic 
assessment of the TAA? 
o Dan (KP): Stated that economics were considered in the assessment, however were not an 

important driver in the selection of the tailings technology. A sensitivity analysis was performed 
removing economics and the resulting best candidate was the same. 

 Rina (Source): Stated UFN and LDN have no more questions about the TAA.  Its concerns are 
associated with mine water retention, and would like to see some restrictions on accumulation of 
mine water. 
o Dan (KP): Confirmed there is some flexibility to manage water in both wet and dry years. The 

Project has control of the water volumes and how they are controlled through the Operations 
phase, and with the tailings facility maintenance and design, which is associated with the 
commissioning. 

o Rina (Source): indicated interest in an additional conversation about this. 

 Rina (Source): Regarding Slide 37 ‐ Inquired if PAG submergence in Candidate 7 is just the amount 
required to cover the tailings, or if there is additional water stored on‐site.  Would like to know if it 
was evaluated with water treatment. 
o Dan (KP): Confirmed there is just enough water to submerge the waste rock, with water 

treatment to maintain this level 

 Rina (Source): Regarding Slide 42 – Noted the amount of water being stored in TSF C appears to be 
more than what is needed to support Operations. Requested a review/discussion of the volumes in 
TSF C and D (used p. 247 of “Blackwater Gold Project: Water Treatment Responses for Comments 
1266, 1270,1271, 1272, and 1273” dated February 15). 
o Dan (KP): The amount of water is considered appropriate for the mine operating requirements. 

Graphs do not show available storage. Storage for TSF D varies but is a month or two while TSF C 
is full. Around year 14 TSF C volume goes up and TSF D volume goes down on the graphs—but 
this is a figment of the modeling; actually C is being held full. 

o Cindy (KP): the water diversions are not in operation early on. Spikes at year 16 are when 
channels are turned off. See also federal IR on water capacity versus storage, stochastic modeling 
and abnormally wet and dry years 
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o Rina (Source): what is the range? This is the average condition; what is the upper maximum? 
o Dan (KP): under abnormally wet conditions can still hold this amount because of flexibility in 

treatment discharge from pit and diversions around site. For dry condition can still manage as 
well. 

o Rina (Source) – need to be clear on exactly how much water is required. With reference to the 
volumes shown for TSF C and D, would like to understand why TSF C has more water than Site D 

 Dan (KP): Confirmed this is based on the waste management stream incorporated in 
the dam design, including where the tailings are going and when. The final mine 
plan included less waste rock than initially planned for storage in TSF C, and 
therefore TSF C has additional capacity, and could fill with more tailings if required. 

o Ryan (New Gold): Noted there are other ways to optimize this, New Gold have been able to 
demonstrate there is not a lot of water accumulating. This will be considered further during 
detailed design, and New Gold intends to work with BC MEM on water storage design during 
permitting. New Gold commits to working with BC MEM, UFN, LDN and CSFNs on the water 
storage at closure during permitting  

o Rina (Source) and Mike (Keefer) confirmed that this commitment would help solve the issue. 
Garth (ECCC) expressed a preference to see this commitment in an EAC condition. 

 Grazyna (ECCC): Requested confirmation of the actual water level that needs to be maintained for the 
hydraulic barrier to be maintained TSF C 
o Dan (KP): Replied the TSF C water surface elevation is controlled by the spillway invert between 

TSF C and TSF D.  The invert level of the spillway will maintain the water surface elevation below 
the water level in Lake 15 which will maintain the hydraulic barrier with Creek 705.   

 Lowell (BC MEM): Noted that following Mt. Polley, mines need to minimize the amount of water 
being held post‐closure. By permitting there would need to be a detailed water balance and water 
management plan. In Post‐closure MEM would like to see a plan that reduces the risk of a potential 
failure (i.e., reducing or eliminating storage). MEM’s approach is to examine technical feasibility at 
the EA level and then review the detailed design at the permitting.  
o Ryan (New Gold): Reiterated commitment to working with MEM and FNs on water management 

over the life of mine, balancing operational needs, climate scenarios, and closure scenario. 
o Rina (Source): Thanked Lowell for his comments. Re‐iterated she would like to make sure that 

tailings are covered for geochemical stability, but in a way which can minimize the water stored. 
If there is consideration in permitting phase of trying to reduce water cover, this would dovetail 
well with issue of bypass of treatment system. 

o Lowell (MEM): Facility design would have to be conservative to maintain geotechnical stability.. 
Objectives would be set based on requirements; post‐closure would only need enough water to 
keep tailings saturated. 

o Sean (BC MEM): Noted the site will need to ensure there is enough water for operations. 
Question to New Gold / KP on what would happen in the case of a deficiency, and where the 
water would be sourced from 

 Dan (KP): Confirmed this scenario is something KP have evaluated, and was one of 
the initial reasons for the FW supply system (i.e. to provide water in a small 
quantity and draw water if there was a deficit). More recent analyses show that this 
will not be needed in TSF C is maintained full as a water reservoir; the main tool is 
for us to not divert water or discharge pit water . The water management plan has 
the flexibility to manage water volumes and has been demonstrated to be 
functional during both wet and dry years. 

 Steve (BC EAO): Question on if the Failure Modes Effects Assessment (FMEA) considered failure of the 
TSF C Dam, or simply assumed it would be fully absorbed by TSF D?.   
o Dan (KP): Could not recall if it was considered, but confirmed that the amount of water in TSF C is 

lower than the flood capacity for TSF D.  
o Mike (Keefer): Requested to see the TAA on the First Nation information 

Multiple Accounts Analysis (MAA) Presentation 
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 Audrey (BC EAO): Noted some of the mitigations changed on the slides presented today versus 
distributed prior to the meeting. 
o Anne (ERM): Responded to note changes were made to explain the actual mitigation measure 

rather than just referring to a management plan.  

 Rina (Source): Question on the rationale for various Candidates, as many scored well in certain areas; 
why did Candidate 1 do well in the final scoring compared to other Candidates?.  
o Dan (KP): Technical aspects of the various options would have affected outcome, submerged 

tailings and PAG rock is very achievable in the climate and the throughput of the project. There 
are technical difficulties in developing filtered tailings at the scale of this project and in these 
climate conditions. Noted Candidate 1 would have scored better on this aspect. However, from a 
geochemical perspective, tailings and PAG materials on land is problematic. From a technical 
perspective, the filtered tailings stack is not workable due to environmental factors (e.g., safe 
storage during 7 months of snow cover, lots of rain, etc.). Filtered tailings performed poorly in 
economic accounts due to the very high costs of energy consumption, although cost was not a 
determining factor in the analysis. Current proposed project uses thickened slurry tailings at 50% 
solids content, which reduces the amount of water needed to transport the tailings. 

 Mike (Keefer):  Asked about the impacts to Aboriginal rights; noting the conclusions did not 
necessarily make sense and may not represent the communities. Indicated there could be a better 
way to assess this but not looking to re‐visit this. 
o Tavis (BC EAO): Requested clarification on what Mike would recommend as a better approach? 

 Stella (Swanson): Noted indigenous perspectives are not well reflected unless 
communities are represented in the room 

o Garth (ECCC): Next draft of TAA guidelines should better address this issue. Stated the New Gold 
followed ECCC process. 

ACTION  New Gold to provide section in BAT study re: assessment of effects on Aboriginal 
Interests. 

ACTION  Provide section reference re: sensitivity analyses for the consideration of effects to the 
current use of lands and resources for traditional purposes in the Tailings Alternatives Assessment. 

 Garth (ECCC):  Seems that the balance for the MAA might change given the economics of water 
treatment in perpetuity, if one option requires it and others don’t then, it should influence the final 
decision 

 Sean (BC MEM): Noted the initial proposal in the EA was wetland.  BC MEM 
indicated there was not enough information to assess it and there are long term 
costs associated with wetland. Would need to understand the costs associated with 
either passive or active water treatment, but both are water treatment. Ryan (New 
Gold): Acknowledged Garth’s (ECCC) point, noting that not sure if could 
differentiate given the low weighting for economics portion of accounts 

 Tavis (BC EAO): Question on if the change from wetland to active treatment was considered in the 
MAA 
o Dan (KP): Confirmed economics did not result in the elimination of any of the candidates, which 

is demonstrated by the sensitivity, which didn’t include economics but came to the same 
conclusion on the same Candidate. 

o Anne (ERM): Noted one of the indicators was whether or not there was treatment in Operations  
o Lowell (BC MEM): Suggested it may be worth discussing how long term treatment is costed. 

 Dan (KP): Confirmed all of the options have some kind of Closure / Post‐closure 
water treatment 

o Bob (ECCC): Noted that although ECCC very interested in alternate treatments, what happens 
post‐EA is very dependent on the location. With regard to Schedule 2 amendments, there is a 
very particular description of the space being lost, need a Fish Offsetting Plan to offset the loss. 

Update and discussion on New Gold’s Fisheries Offsetting Plan 
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 Tavis (BC EAO): Noted there were no specific questions on this, however would like to review some 
changes and progress made.  Indicated this as an opportunity for New Gold to provide an update and 
the WG to ask questions  
o Bob (ECCC): Commented that the MMER (Metal Mining Effluent Regulation under Fisheries Act) 

specifically requires a Fish Offsetting Plan for the TSF. Schedule 2 is approved by the Treasury 
Board. A fish offsetting plan is also required under Section 35(2) of the Fisheries Act for any 
alteration, degradation, or destruction (approved by the Minister of DFO). Key concern is 
adequate offsetting proposed to ensure that there is no net loss of habitat. 

o Ryan (New Gold): Confirmed some conversations have occurred with DFO and others, and noted 
this is a work in progress with discussions expected to continue over the next couple months. 

 Beverly (NWFN): Noted participation in the offsetting program discussions, however input is not 
reflected in the presentation.  For example, NWFN does not support the sturgeon program or 
restoring streams on ranchland that should be the responsibility of the farmer/owner. 
o Ryan (New Gold): Noted the presentation is the same presentation that was given 6 weeks ago, 

and will be updated at a later date. The process for New Gold to obtain DFO’s authorization is to:  
propose the offsetting projects, gather buy‐in, then proceed to detailed design  

o Ian (DFO): Confirmed that offsetting is required for MMER, as well as Fisheries Act 35(2). 
Therefore, New Gold needs to submit two plans, and projects are dedicated completely to one or 
the other offsetting plan. DFO will then have a consultation period where there will be 
engagement with FNs (and ECCC will have engagement with FN for MMER). 

 Stella (Swanson): Asked if based on the 2012 Fisheries Act, the basis is now productivity. Can use a 
‘like for like’ approach or increase productivity through things like overwintering ponds. Noted when 
planning offsetting, an equivalency calculation is usually involved, related to the estimation of the 
value of the fish productivity lost. Noted this needs to include consideration of the indigenous views 
to evaluate the value of the lost fishery, and may also need a multiplier on the habitat loss to account 
for the loss in productivity of fishery for Indigenous people. 
o Rick (Palmer Environmental): Confirmed that data was not collected to produce fish productivity 

models.  Instead, a habitat based approach was used, where habitat quality and quantity was 
calculated using fish habitat based models (e.g., SEFA and HEP models).    These habitat based 
models take into account all different stages and habitat types for target species (Rainbow Trout 
and Kokanee Trout).. When developing fish habitat offsets, our approach is to start with ‘like for 
like’ within the same watershed.  If habitat offsets are not available, we look at other watersheds 
within the RSA.. 

 Stella (Swanson): Noted that if they move outside of the system for habitat 
enhancement, will by definition influence productivity in other systems. Usually the 
analysis includes models to estimate effects of productivity changes on fish 
populations, and dollar value in terms of commercial and recreational fisheries and 
indigenous uses.  

 Rick (Palmer Environmental):  Habitat based models were used to calculate useable 
habitat for target species in the watershed of interest.  These models are used for 
determining habitat loss (m2) required to develop fish habitat offsetting plans.  A 
multiplier is typically added to the calculated lost habitat to account for the 
inherent risk that new habitat might not function as designed and potential 
concerns regarding the time lag in bringing new habitat online and functioning. 
Tracy (BC MOE): asked if water quality exceedances are expected to affect habitat 
on Davidson creek, should this be included in offsetting plan? 

    Ryan (New Gold): indicated that there are slides to inform the discussion of water quality in 
Davidson Creek tomorrow. 

  Bob (ECCC): Commented that where the Fisheries Act got changed in Section 35(2) to refer to specific 
fisheries/conditions, section 36 did not change and refers to all fish habitat. 

 Stella (Swanson): Referred to an action item from November 2016 on littoral habitat in Tatelkuz Lake. 
NG sent information on bathymetry of Tatelkuz, which addressed part of the action item.  Stella is still 
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interested in whether effects on shoreline habitat from the potential lake water surface elevation 
change between 0 and 1 m depth was ever quantified using HEP and considered in the fish offsetting 
(especially in NW and SE portions of the lake). It appears that there wasn’t an accounting for lake 
habitat units affected by drawdown in the Application. New Gold predicted the effects on fish habitat 
to be non‐significant. These areas have above average habitat suitability of rainbow trout and 
kokanee. In fish habitat effects 5.3.9 of Application states that certain habitat classes will experience 
10‐18% changes compared to baseline during all seasons in average year. 
o Ryan (New Gold): Confirmed this was not evaluated for offsetting.  This information was 

presented to DFO at an earlier date. 
o Rick (Palmer Environmental): Confirmed that their work has not considered this, and it is not 

included in the offsetting plan. Noted the change in volume is within natural fluctuation, so 
calculating the loss is complicated. 

 Stella (Swanson): Requested clarification on brassy minnow – noting New Gold’s response was that 
this was not a VC. 
o Ryan (New Gold): Noted this is a provincial blue listed species. There was some supplemental 

work on Federal listed species, so if brassy minnow is not federally‐listed, than there would have 
been no supplemental work done. 

 Audrey (BC EAO): Noted understanding that Lake 16 enlargement is not considered offsetting 
o Rick (Palmer Environmental):  Responded to inform there is still some discussion with DFO on 

this.  Enlargement is being looked at as an impoundment as a result of Project activity. Explained 
that an increase in size will not be considered offsetting, but the enhancement to the lake will 
provide some contribution. Numbers in table will change. Channel will be included as offsetting. 

 Stella (Swanson): Asked about groundwater flow in post‐closure and if an action item from a previous 
meeting was captured in the minutes as planned.   
o Dan (KP): Indicated that the reference to the requested information was included in those prior 

meeting minutes.  

 Stella (Swanson): asked if there is adequate information to design overwintering ponds? 
o Rick (Palmer Environmental): Responded that based on discussions with DFO and FLRNO, the 

overwintering ponds are being designed to meet requirements to provide the expected habitat. 
o Ian (DFO):  Confirmed there has been some discussion on this, and Zsolt provided input. Noted 

some information from other sites can be incorporated into designs for New Gold ponds. 

 Stella (Swanson): Asked about ranchland streams, and why New Gold would work in areas where the 
private owners should be doing the work. Inquired if there opportunities on Crown lands that could 
be similar, e.g., for riparian habitat restoration 
o Rick (Palmer Environmental):  Noted there are over 100 ideas on the table, however DFO have 

stringent requirements about what is considered offsetting. Explained most of the available 
options are not viable under the new offsetting requirements or due to technical reasons or 
because  not sustainable in perpetuity(the duration of the project). For example, of the 70 
culverts initially identified, we found that none of them were obstructions or barriers to fish. 
Although some of the ideas were good, would not be able to get approval to proceed with those 
options. 

 Mike (Keefer): Stated that the communities indicated that there were areas in their 
wider territory that might be of interest. 

 Ryan (New Gold): Responded that when New Gold met with the communities, they 
also seemed to agree with all the presented options. 

Day 1 Adjourn 
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DAY 2 – JUNE 8, 2017 

Welcome, Introductions, Agenda Review 
Ryan (New Gold): reported that Nigel (New Gold) indicated that on the question of habitat accounting for Tatelkuz 
Lake, a response was previously provided to DFO. 
 
Revised action items:  

ACTION   New Gold to provide analysis previously provided to DFO of habitat units affected in 
Tatelkuz Lake with focus on NW and SE shallow‐sloped habitat. 

ACTION   EAO to arrange a follow‐up phone call on littoral zone habitat in Tatelkuz Lake and 
implications for offsetting. 

 

Long‐term Pit Water Quality, Information Requests Re: Pit Lake (Issues 4, 6, 7, and 9) 
Review of information on long‐term pit water quality 

 Gareth (ERM): Explained the conceptual diagram of the pit lake during Post‐closure. Noted the water 
quality model assumed a flux from the lower layer to the upper layer.  
o Rina (Source): Inquired about the effect of only a 3 m mixed layer; if the layer were extended, 

what would happen to the concentrations in the upper layer? 
 Gareth (ERM):  Noted a 3 m depth was considered conservative.  Seasonal variations in 

water flow have a more pronounced effect on a shallow layer: if it were a deeper layer there 
would be more mixing and less seasonality. 

 Alan (Lorax): presented the pit lake modelling.  The model was completed using PitMod and 
considered a period from Year 15 to Year 50.  Brine input to lake bottom waters was not modelled  
o Tracey (BC MOE): Questioned why the model was not updated to include the depth of the brine  

 Alan (Lorax): A 3 m mixed level was adopted, which is more conservative (allows for 
greater seasonal variability in pit discharge water quality) 

Issue 4 ‐ Pit Lake: Long‐term Equilibrium Conditions  
o Gareth (ERM):  New Gold evaluated how an increase in sulphate concentrations in the upper 

mixed layer of the pit lake could impact Davidson Creek at WQ26.  Assuming no sulphate 
reduction processes (estimated at 4‐10% based on analogue sites), no input other than brine, 
and the upper layer had a sulphate concentration at equilibrium of 1448 mg/L (this is based on 
the assumption that the entire pit lake was filled with brine and the predicted equilibrium 
gypsum saturation), there would be a 10% increase in the sulphate at WQ26.   

 Rina (Source) and Don (MESL): Concerned that a number of similar sites have higher 
sulphate numbers following lime treatment. Requested clarification on the 1448 
mg/L concentration of sulphate in NF brine (treated in metals removal plant), and 
the 10% sulphate increased noted on Slide 88 (with regard to the sulphate 
predictions in Davidson Creek over the 290‐year Post‐closure period).  

ACTION    MEM will circulate comments from Kelly Sexsmith on the appropriateness of the 
sulphate concentrations predicted from the metals removal WTP treatment of brine prior to 
discharge into the open pit (to include in meeting notes): 

Sean (MEM): Kelly has indicated that she thinks the predicted SO4 concentrations are appropriate, and has no 
concerns at this time. 

ACTION   New Gold will provide a memo explaining how an assumption of the pit lake being 
filled solely with brine could affect sulphate concentrations in Davidson Creek, in the absence of any 
other processes. This will include: 
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 A copy of the slide presented during the meeting which showed a maximum 10% increase in 
sulphate concentrations in Davidson Creek if sulphate concentrations in pit overflow are equivalent 
to brine sulphate concentrations. 

 A written explanation of the reasoning and calculations used to arrive at a maximum 10% increase. 
 A diagram showing concentrations of SO4 and total dissolved solids (TDS) in: 

 NF brine (influent to MR WTP) 
 MR WTP effluent  
 Pit lake bottom layer 
 WQ 26  

Issue 6 ‐ Review of Low Grade Ore (LGO) Stockpile Placement in Pit (Slide 89) 

 Sachi (New Gold):  Explained that the placement of LGO into the pit lake was modelled as a sensitivity 
in August 2016.  While the placement of LGO will affect the total volume of the pit lake that needs to 
be filled with water, it does not alter New Gold’s intent to fill the pit lake rapidly to ensure 
geochemical stability.  The current modelling suggests it will take approximately 24 years to fill the pit 
lake.  The actual time to fill the pit will depend on the climate conditions at the time.  Placing LGO 
into the pit does not alter the pit filling timing and New Gold will optimize how the pumps are 
operated to fill the pit lake. 
o Devan (BC MOE): Confirmed he is currently satisfied with the response to Comment 1221, noting 

the response was to confirm the LGO material did not have any interaction with the treatment 
trains in this sensitivity analysis. 

 

Issue 7 ‐Analogue for a meromictic pit lake  

 Alan (Lorax):  described the conditions at the existing Island Copper Mine pit lake where seawater 
was used to fill the pit lake bottom to engineer meromixis.  The addition of seawater is similar to the 
proposed addition of brine at Blackwater.  In both cases, the addition of more saline (high density) 
water to the pit bottom will serve to strengthen the degree of lake stratification.   
o Devan (BC MOE): Asked about the purpose of the sea water at the base  

Alan (Lorax): Responded to explain the pit lake was to be filled rapidly.  The seawater 
was easily accessible and allowed for the creation of an engineered meromictic system 

 Grazyna (ECCC): Inquired about the density of the brine water  
o Alan (Lorax): Confirmed the brine water is ~3x times more dense than the previously modelled 

pit lake bottom water in absence of brine addition. 

Water treatment by‐products placed in the pit lake 

 Sean (BC MEM): Requested review of the plan for gypsum and sludge removal, and associated 
implications 
o Gareth (ERM): Noted there are a few solid by‐products (such as gypsum by‐product) and this is 

intended to be deposited in the pit lake. Memo to MEM indicated that there would be no change 
to the overall volume of the pit lake nor to the water quality effects assessment. 

 Rina (Source): Asked what the mechanism is for no expectation of water quality changes  
o Gareth (ERM): Answered this is primarily due to the stability of the by‐products, the lower lake 

chemistry (gypsum saturation) and the sub‐oxic conditions  
o Alan (Lorax): Added that for anything in the bottom of the pit, the transfer to the pit lake will be 

by diffusion. Noted difficulty associated with transporting loads through diffusion. As the lake is 
stratified, these loads will remain on the lake bottom. Further, the deposition of natural 
sediments over the long term will provide a natural diffusion barrier to solute release.  

 Patrick (BQE): added that since pit bottom waters will essentially be at gypsum saturation, the 
chemical stability of the gypsum deposits will be enhanced.  

 Christal (CEA Agency): Asked how the solids will be deposited in the pit lake, and whether that would 
result in mixing.  
o Ryan (New Gold): Confirmed there will be ramps that extend down to the pit. 
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 Steve (BC EAO): Requested brief discussion about the context of seepage in the bottom of the pit and 
the isolated brine layer  
o Dan (KP): Referred to Slide 10, source term for seepage uses values for the bottom layer of the 

pit without any attenuation  

Issue 9 – Effects of pit lake quality on aquatic birds 

 Tracy (MOE) – confirmed MOE is satisfied with the response and has no further questions. 

Issue 3 ‐ COPCs and Significance Assessment  
The main commenters reviewed their issues to be addressed: 

 Ute (ECCC) – some contaminants had exceedances predicted and rated high for a number of 
significance criteria, but  the overall assessment was for all contaminants, and was non‐significant just 
wanted some more background  

 Tracy (MOE) – high level is that some COPCs were not retained as residual effects, in particular 
ammonia and cyanide.  MOE has asked New Gold to include this in the assessment  
 

Gareth (ERM) – Reviewed series of graphs showing COPCs at the assessment nodes. 

 Erin (BC MOE) – for the flow rates, on the operations graphs from Years 5‐15 is flow higher due to the 
Freshwater Reservoir? 
o Dan (KP) – it is higher due to the timing of the pit water treatment and discharge during 

operations 

 Rina (Source) – would like to have the information more clearly laid out, is the 80% ammonia 
reduction based on subsurface or surface pathways? 
o Gareth (ERM) – to support the wetland treatment we had a similar predictions for the wetland 

influent and it was during that work that we derived the 80% attenuation value. The attenuation 
occurs upstream of the wetland along subsurface pathways, and is not occurring in the wetland 
treatment system.  

 Stella (Swanson) – Noted in response to her previous comments (1417 and 1418) about the level of 
confidence with degradation of ammonia and cyanide. New Gold stated there is a high degree of 
confidence that degradation will occur.  Stella confirmed at this point of time she will accept that 
response, but will be discussing means to test confidence going forward in her presentation on 
adaptive management.  

 Ute Pott (ECCC) – what does the ammonia attenuate to, what is the end product? If degrades to 
nitrate that would increase the nitrate level of the water. 
o Gareth (ERM) – a portion of it would be taken up by sorption. Oxidation to nitrate is not 

considered to be a significant pathway due to the predicted suboxic conditions along seepage 
pathway.  

 Rina (Source) – unclear if a portion of ammonia is coming from the spillway  
o Gareth (ERM) – the ammonia coming over the TSF spillway is a lot lower due to ammonia 

degradation. The 80% attenuation is along the subsurface seepage pathway, with an additional 
85% ammonia removal at the IX+NF plant. 

 Grazyna (ECCC) – the product of ammonia attention, in the context of the new updated effects 
assessment, can you clarify that the new updated effects assessment is just operations and Post‐
Closure?  
o Gareth (ERM) – correct. The main seepage pathway captured at the ECD is where this 

attenuation would have the greatest effect. The changes that we made to the design would not 
impact the closure phase. There is no discharge during closure and there are no changes to the 
unrecovered seepage pathway. 

 Rina (Source) – would like to see the predictions, more than is what on the slides. What are the 
modeling predictions, and what is the final concentration assuming attenuation, in graphical form. 
o Sachi (NG) – can provide this table and a graphical time series for Davidson Creek without and 

with attenuation and then including the references and the water quality guidelines  
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 Tracy (BC MOE) – would like some more information about the analogue sites as well, as we currently 
don’t support the assumption of 80% removal and there is still potential for exceedances. We are not 
quite closed off on this comment. 
o Sachi (NG) – what information is required for you to close off these comments to date?  
o Tracy (BC MOE) ‐ would have to review the ClearCoast memo again.  

 Ute (ECCC) – would like to see more data for Ammonia and Cyanide.  The ClearCoast memos just 
contain qualitative statements, would like to see more substance to the 80% attenuation; specifics of 
inputs and outputs at analogue mines. 

 

ACTION    New Gold to provide: 

Time series plots of predicted ammonia and WAD cyanide with and without the predicted 
attenuation rate. The graphs will show the relevant water quality guidelines. The data will 
also be tabulated.  

Supporting literature and data for the attenuation rates. The analogue data will be compared 
to the site‐specific soil conditions at Blackwater (if this data is available).  

How attenuation by‐products would influence the concentrations of other related parameters 
such as nitrate.  

 Lesley (ERM) – Reviewed the methodology for identifying residual effects:  the screening process to 
define the COPCs, then look at the COPCs and determine if there are residual effects. Because New 
Gold’s professional opinion is that the attenuation process will occur, ammonia and cyanide were not 
carried forward. Looking at slide 101, with 80% attenuation we would be below the guideline. 
Attenuation could be lower than 80% and still be below the guideline. We are confident that 
ammonia is not a COPC going forward.  

 Devan (BC MOE) – how long is the physical seepage pathway and is there potential for saturation for 
ammonia  
o Cindy (KP) – seepage pathway to bypass ECD is around 1.5 km long, also could be less than one 

km long as well  
o Devan – is that for the origin and source 
o Cindy – yes it has to travel for an excess of 1 km  

 Amy (ERM) – we do not expect it to become saturated with ammonia because there are finite loads; 
not enough to saturate a pathway that long 

 Ute (ECCC) – remain confused about the ammonia, when you look at the numbers for the plunge 
pool, is that not surface discharge? 

 Gareth (ERM) – both the TSF spillway and the IX+NF WTP discharge to the plunge pool, both surface 
and subsurface flows going to the plunge pool and then to Davidson Creek  

 Ute (ECCC): I see exceedances above guidelines for ammonia in this overflow and plunge pool, at 
which point there is no subsurface pathway. 

 Gareth (ERM): background runoff further dilutes ammonia. 

 Don McDonald (MESL) –what are the predicted soil conditions and how this would influence 
ammonia sorption – is the clay content consistent between Blackwater and other sites? 
o Dan – We have some information on the clay content at Blackwater, but not sure about the other 

sites. We cannot provide a comparison until soils data is available for the other sites.  

 Tracy (BC MOE): In the wetlands memo, e.g. Musselwhite was only discharging in summer. 
Blackwater would also be discharging in winter. How would that affect attenuation rates?  

 Ryan (New Gold): These attenuation processes are not biological but physical, so 
temperature is not key. 

 Tracy (BC MOE) – is the 80% attenuation also assumed for WAD cyanide? 
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 Gareth (ERM) – for cyanide it was not 80%, but there is an assumption of WAD Cyanide 
overestimation based on background concentrations. Further information will be provided in the 
memo. 

Gareth (ERM) – presentation of criteria contribution to significance determination 

 Amy (ERM) – some of these criteria are partially reversible because once Project loads cease, water 
quality will improve  
o Rina (Source) – you cannot make it better than baseline  

 
Lesley (ERM) – Explained that the criteria New Gold followed is defined is by the application of information 
requirements (AIR), there was some of that with the original Blackwater EA. Criteria that are important for surface 
water and other physical components are not necessarily the same criteria that are important for other valued 
components (e.g., fish, aquatics, and wildlife). For the sake of water quality the three biggest criteria are 
magnitude, extent and duration and to some extent frequency.  

 Stella (Swanson) – refer back to a memo back to September 2016 where she outlined the issues with 
the significance criteria. Subsequent responses from New Gold did not address my suggested 
alternative approaches to the significance criteria. I repeated my concerns a number of times. 
Ultimately I made the professional judgement that it is best to move on and consider uncertainty in 
context of AM. However, I want it on the record that I have serious professional difficulties with 
definitions, application, and defensibility of these criteria. I have registered these concerns in other 
places as well; this is a subject of much broader discussion. 

o Ute (ECCC) –also have issues with the significance criteria aspect of the EA process. 
o Christal (CEAA) – There are a few significance determination assessments that are undertaken ‐ in 

NG’s EIS, and in the Agency and EAO reports. Could be helpful to describe why some criteria were 
waited more heavily. 

o  

 Grazyna (ECCC) – I second these reservations with the significance information, and whether they are 
consistent (seem very subjective). “The environment is resilient and will adapt”‐ I have seen this written in 
several places – what does that mean? It should not be used lightly. 

 Ute (ECCC) – need to differentiate the overarching process from this specific EA. The response that was 
provided to this question already did clarify a lot. 

 
Lesley (ERM) ‐ For surface water and ground it can be hard to rationalize context/resilience when not considered 
in relation to other VCs. The three key criteria are magnitude, extent, and duration. In this particular case, the 
results were viewed and essentially if the water quality effects are limited to a very localized area, there would 
not be a significant effect, but still a residual effect.  For other VCs, context/resilience are more important. The 
criterion for water quality magnitude is if you are over the guideline you get a high magnitude. The guidelines are 
not meant to be black and white. For water quality we do draw the line at the guideline for magnitude, this does 
not been there will be effects in the receiving environment and with regards to the receptors. 

 Ute (ECCC) – appreciate the clarification, the criterion that was weighted most heavily is the geographic 
extent, basically overriding other criteria.  

 Don (MESL) – For perspective, when evaluating for water quality’s sake, we can look at guidelines. 
From CSTC water management policy perspective, the focus is really on background conditions.  We 
consider changes to background conditions during operations and over the long term. High 
magnitude is consistent with substantial change to background conditions well into the future. 

 Lesley (ERM) – the lower levels are more related to background, for water quality, we do take into 
account background conditions as part of the magnitude criterion. 

 Rina (Source) – is the reason why we have a high magnitude in Davidson Creek because of sulphate, or 
other parameters? 
 Lesley (ERM) – it is Sulphate and Zn because these are over the guideline  

o Rina (Source) – the point she wants to make is that the TSF C seepage may not go into the pond 
and the predictions will get better. Would like to see updated predictions for COPCs if the 
seepage is TSF C seepage does not enter the TSF D supernatant.  
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Issue 11 ‐ Location of Assessment Nodes 
 Ute (ECCC) – slide 106 –concerned about dilution, especially in the 6 km downstream from the mine to 

WQ26. Concentrations at WQ26 are being used to select COPCs, but dilution has already occurred at this 
point. 

o Under the Fisheries Act you cannot discharge a deleterious substance. To me the point of 
discharge would be the as well as seepage. Gareth (ERM) – the key for selecting the first 
assessment node was to capture all loads from the Project reporting to Davidson Creek. Dilution 
is very seasonally oriented.  The plunge pool concentrations, where all of the project loads 
combine before the receiving environment, were provided and compared to the MMER 
guidelines.  In addition, TSF spillway concentrations were compared to the MMER values. End‐of‐
pipe discharge limits will be developed for the Project that are protective of Davidson Creek. 

o Lesley (ERM) – As we move forward into permitting and then we will move into MMER end of 
pipe and the compliance points. All of this is part of the permitting process. You cannot have 
acute lethality at the end of pipe. We will work with ECCC to be involved in the permitting 
process for MMER and environmental monitoring programs  

o Ute (ECCC): Not an issue for MMER parameters, as will be captured in this way. But more of an 
issue for parameters not covered under MMER. 

o Tracy (BC MOE): We also have concerns about what is happening upstream of WQ26, and would 
require additional toxicity testing upstream of WQ26 during the permitting phase. 

 Ute and Grazyna (ECCC) – raised questions about what was considered lost fish habitat for the 
purposes of the effects assessment and therefore the fisheries offsetting calculations.  What was 
considered lost on Davidson Creek?  Creek 661? 

 Ute (ECCC) – all the information on WQ5 was covered in the fish offsetting they thought 

 Ryan (NG) – slide 56, as you can see this is the habitat impacts. Will include model nodes on 
offsetting maps going forward. Creek 661 upstream of WQ5_US will be offset. There will be a 
fish barrier at the road crossing in Davidson Creek and upstream of that point will also be 
offset. 

 Tavis – follow up with MOE regarding the information raised here about the plunge pool and WQ26  
 
 

Issue 10 ‐ Sulphate  

Process for developing, and use of, SBEBs   

 Gabi (MOE) – SBEBS are often done during permitting, they are talked and discussed during the EA. 
Would want engagement with First Nations during this process as well. Then submit proposal with 
permit application or afterward. Guidance for SBEBs and framework indicates a certain process, 
engagement with FNs, acceptance of approach, application of approach, final document summarizes 
information that supports proposed benchmark 

 Ute (ECCC) – it is a challenge to assess projects at the EA level based on benchmarks that will be 
derived during permitting.  Can either assess the Project based on guidelines being met, or suggest a 
preliminary benchmark for sulphate. This is a preliminary benchmark. 

 Gabi (MOE) – Yes, for this reason often require a preliminary benchmark at the EA stage. Policy was 
developed for EMA permit administration. The company can start the process at the EA stage or 
before; the final acceptance would happen at the permitting stage. If do work early, proponent will 
have  more security about what thresholds would be. If there is nothing that is accepted or 
acceptable then we would apply the guideline at the EA stage. 

Consideration of baseline and predicted hardness 

 Lesley (ERM) – Explained the approach in the effects assessment. In the effects assessment used both 
baseline hardness and predicted hardness. MOE indicated would consider baseline hardness only.  
We looked at the BC guidelines as a threshold for magnitude, and then looked a  bit further if there 
was an exceedance. Investigated what the literature says about sulphate, including an evaluation of 
the literature accompanying BC sulphate guidelines. Based on that assessment, these are the 
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thresholds that we came up with and moved forward with for the assessment.  Based on the 
predicted hardness we do not expect the thresholds to be exceeded, but if look at baseline hardness 
there are times when sulphate predictions exceed guidelines 

 Tracy (MOE) – has issues with the thresholds that New Gold used. The 2013 sulphate 
guideline includes the safety factor of 2 using LC20 for the most sensitive species and life 
stage, which is rainbow trout spawning. 

 Lesley (ERM) – the guideline ranges between 128 – 218 for this time of year, and has a safety 
factor of two; therefore, with a safety factor of two, would have a guideline of 436. 

 Tracy (MOE) –the Kennedy study (listed in your Appendix C‐2) is one of the main studies 
used to develop the guideline. A lot of your assessment is based on Hyalella, with no 
discussion of rainbow trout impacts, which are what the guideline is actually based on. 
Davidson Creek is 33% of the spawning habitat for this rainbow trout population, and the 
modeling is showing long‐term exceedances for sulphate during the rainbow trout spawning 
period (May and June), based on an LC20 guideline (i.e. impacting 20% of the population). 
Based on the confidence intervals in the guidelines, the exceedances are in the LC20‐LC50 
range; could be a greater than 20% impact to the population. The guideline is based on a 21‐
day embryo to alevin life stage toxicity test; we have since found that the pre‐eyed embryo 
is more sensitive.  This also adds another level of uncertainty. 

 Lesley (ERM) – as far as the guideline goes it ranges between 128 – 218 mg/L for sulphate 
based on the baseline hardness. Assuming a safety threshold of 2, the actual toxicity 
threshold is up to 400 mg/L. The underlying discussion is that there is a difference in 
opinions whether we can use the predicted hardness. It is a BC MOE policy that only baseline 
hardness can be used, but would like to be directed to that policy.  

 Gabi (MOE) – what you are talking about is threshold development, which is guided by the 
SBEB framework. In the SBEB framework, there is a flow chart that states that baseline 
hardness should be used to develop SBEBs..  

 Tracy (MOE) – recent research on rainbow trout indicate that hardness‐ sulphate 
ameliorating relationship may not actually be linear  

 Rina (Source) – have not seen a graph with toxicity threshold and predictions – wondering if 
there is one  

 

 Lesley (ERM) – New Gold has proposed a toxicity threshold for sulphate of 137 mg/L, which is based 
on baseline hardness. The hardness selected for the sulphate threshold considered the seasonal 
variation in hardness and the months when sulphate was predicted to exceed the guidelines.  

 Ute (ECCC) – maybe would be helpful if using this graph you removed the flow, take the few years 
with the highest peaks and spread out the data showing your proposed toxicity thresholds versus the 
MOE guideline with  predicted and baseline hardness There is no figure that shows this at this time. 
My biggest concern with this would be that the data shows you are mostly under the guideline, but 
everything is a prediction, using two models, plus it could be 10% higher over time‐‐‐ how much 
confidence do we have? I consider a model to be an order of magnitude accuracy. Maybe a solution is 
to demonstrate that with treatment that you could reduce it even further. 

 Lesley (ERM) – there is always uncertainty in modelling, part of that is approached through adaptive 
management with contingency measures if predictions are off. 

Water quality model sensitivity 

 Rina (Source) – we would like to consider that the seepage predictions be considered in the water 
quality model and that it be re‐run. If there are still exceedances can there be a graph comparing 
when the exceedances occur to the amount of flow bypassing treatment. 

 Ute (ECCC) – At this time New Gold has made conservative predictions, we now need to know how 
much room there is between what is likely expected and what is conservatively predicted. What 
happens if the worst case scenario occurs in all cases? 

 Amy (ERM) – there is a possibility to run the models with the seepage rates that would be 
more representative.  
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 Sachi (NG) – New Gold will model the scenario with the more refined seepage flow pathways 
from TSF C and would like to meet to discuss with the working group 2 weeks after the 
results are submitted. 

 

 Sachi (NG) – MEM has approved of the assumptions in the current base case. 

 Sean (MEM) – it is MEM’s conclusion that the model is being over conservative for sulphate 
predictions, but may not be for other metals. In addition, there is an over estimate on 
conservatism for waste rock and gypsum saturation.  

 Rina (Source) – why would you not redo the base case if it contains a model error? 
o Dan (KP) – It is not a model error, it was a simplification and a model conservatism.  

At this time the seepage flow rates and pathways are conservative. 
o Rina (Source) – wanted to say that when it was looked into the seepage more in 

depth, it was determined that the seepage would not report to the pond.  

 Stella (Swanson) – trying to summarize what she is hearing: the predicted concentrations for sulphate 
are overly conservative and overestimated; but there is data out there that would argue that that 
toxicity threshold for the EA may not be conservative, particularity with recent information about 
hardness being potentially toxic to early life stages of fish; and the development of SBEBs is a process 
that has not taken place. Since you haven’t done the full process for SBEB development, or consulted 
with First Nations, you need to default back to guidelines, using baseline hardness.  Issues can be 
dealt with through commitments and further mitigations. Lesley (ERM) – New Gold has proposed 
toxicity thresholds, not SBEBs, as it has not gone through this process. Would like to go through this 
process of developing SBEBs during permitting.   New Gold does not believe that there would be 
adverse effects  

 Don (MESL)– around the enhanced sensitivity of the embryos and the toxicity thresholds, could MOE 
provide the citations  

ACTION   MOE to distribute to WG reference on toxicity to pre‐eyed rainbow trout embryos and 
hardness listed within in sulphate guidelines, and provide citation and link for Taylor 2013 reference. 

 Ute (ECCC): Agree that we should, model conservatively. But if a conservative model indicates an 
effect, with a lot of thorough science behind it, it is problematic to then we write it off with a 
narrative statement that it is too conservative. If the model is too conservative, we need to make it 
more realistic. Then show with sensitivity or adjustment to base case that there actually is no effect. 

 Don (MESL): Agree. This is what we would do in ecological risk assessment; start with more 
conservative and if don't conclude no risk, then re‐evaluate assumptions. 

 Lesley (ERM): That's true what we tried to do, not by tweaking model, but in how looked at guidelines 
and toxicity. As a biologist I don’t think there would be adverse effects, but I am only one person. 

 Tracy (MOE) – not hearing anything new right now, we are only accepting baseline hardness. Looks 
like there is an effect on rainbow trout. 

 Alan (Lorax)‐ would like a letter from MOE explaining their policy on predicted hardness 

 Gabi (MOE) – yes you can work on this and there will be a letter written  

 Tavis (EAO) – will follow up with MOE on this letter  
 

ACTION   MOE to provide a policy document or letter explaining MOE’s rationale for not 
considering predicted hardness concentrations when assessing potential effects from sulphate and 
why MOE recommends baseline hardness be used in effects assessments. 

 Lesley – would revisit the assumptions around sulphate. Would like to avoid the update to the effects 
assessment, would just describe the assumptions and relevant information. Would like to focus on 
sulphate and related VCs  

 Sean (MEM) – would caution against any changes that would reopen MEM’s review of the water 
quality model 
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 Amy (ERM) – would just be the seepage sensitivity, and MEM acknowledged that we were 
over conservative on our model already.  

 Sean (MEM) – would say that if assumptions around source terms change, it would not be a 
quick turnaround for reviewers. 

 Amy (ERM) – what about looking at sulphate reduction in the pit? 

 Sean (MEM) – it would not be a quick review if it involved opening up any assumptions and 
loading terms in the model. 

 Tavis (EAO) – want to focus the piece and need to get a timely review  

 Ryan (NG) – yes we will work with the team and let them know as we do update the model  

 Christal (CEAA) – will work with WG members to schedule appropriate follow‐up on the proposed 
approach.  

 Tracy (MOE) – from her understanding this should be fine, depending on the information she does 
feel that the effects assessment may need to be updated. Would encourage a phone call with herself 
and Gabi to make sure we are on the right path. 

 Sachi (NG) – Reminded the table that the concerns with sulphate are a long term issue, not a 
perpetual management issues since there is a finite amount of sulphate in the system.  New Gold 
recognizes that timescales that are this long are important to First Nations.   

 Stella (Swanson) – step one update the analysis for sulphate and see if baseline hardness is being 
met. Then on to adaptive management including SBEBs.   Note that First Nations need to be 
consulted and that First Nations water quality standards need to be considered in considering water 
quality significance assessment. 

 

ACTION    New Gold will: 

a) Provide updated seepage predictions from TSF C to TSF D which reflect the likely flow paths 
given the currently proposed dam design 

o Update the water quality model predictions for sulphate in Davidson Creek 

o Describe if the predicted sulphate concentrations affect the effects assessment 
completed for the following valued components relative to the February 2017 
submission:  

 surface water quality in Davidson Creek, specifically for sulphate 

 aquatic biota in Davidson Creek, specifically for sulphate 

b) New Gold will arrange a call with MEM and other WG members to discuss which assumptions, 
if any, in the water quality model will be changing in order to complete the sensitivity. 

c) New Gold will provide a summary to the EAO outlining its position on hardness and what it 
would like to discuss with MOE. 

d) Prior to providing a document describing how the sensitivity relates to the potential effects 
from sulphate to aquatic biota in Davidson Creek, New Gold and MOE will meet to discuss 
what toxicity thresholds and hardness concentrations should be used in the aquatic biota 
effects assessment.   

e) Follow‐up in‐person meeting with WG members to discuss the results. 
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Issue 12 ‐ Adaptive Management 
Stella Presentation – Adaptive Management  
Stella – Comments 1278‐1284 regarding SBEB and adaptive management  
In Blackwater case, can't use significance to prioritize for AM, as all effects considered by New Gold to be non‐
significant. Need to match mitigation effort with risk to increase confidence that we are spending time and money 
on what matters. 
AM example, on flow augmentation. KP's December memo mentioned levers to manage for temperature if cues 
are not what fish are looking for seasonally. May change discharge point, water amount, etc. Questions for Dan‐‐ 
how quickly can you leap into action? And what is the decision point? What are the consequences of being 
wrong? And look at cost versus benefit of doing work. 
In problem definition, need to consider where indigenous points of view fit in? First Nations want objectives on 
process, employment, training, and guardianship as they relate to AM.  
Most of WQ issues are post‐closure. During operations start thinking about experiments. 
Of the contingencies presented some are true contingencies, while some should be built into mine design (e.g. 
south abutment till blanket). 

 Ute (ECCC): If AM has a clear plan, then we can trust some of these arguments. Trigger levels need to 
be more specific. 

 Sean (MEM) – thank you Stella for the presentation, see other projects that come in with adaptive 
management. His caution to that would be that you need to narrow down to those issues that are 
really key priorities, and develop adaptive management plans. Condition at the EA stage should be 
broad strokes to set the stage at permitting. 

 Don (MESL) – thank you for the presentation. Agree re need to have key uncertainties, trigger points, 
and assessment framework defined as that clarifies at the outset what the acceptable outcomes 
would be. A priori identification takes away uncertainties associated with how data get interpreted by 
certain parties when we need to be moving toward action   

 Steve (EAO) – at EAO they see different perspectives of adaptive management plan. Sometimes AM 
used as a method to defer elements of EA to post‐EA, or at the opposite extreme can create a lot of 
uncertainty around ability to build project.‐E. EA is a process of making predictions. Post EA we need 
to check if they are accurate, and if no, address effects. 

 Christal (CEAA) – The Agency looks at important areas that require follow‐up programs, although 
might not call it AM. We would like to know what the triggers may be.  

 Ryan (NG) – agrees on the components of what makes good adaptive management. It is important to 
monitor items that matter to the working group and First Nations. All of the monitoring and 
management plans would be things that are developed with engagement with the First Nations. How 
it is monitored and what the thresholds are. Has an example that could be shared with the group of 
New Gold’s approach to adaptive management. The example is from fish offsetting at the Rainy River 
Project. 

 

ACTION   Distribute to WG Stella’s presentation and updated NG presentation  

ACTION   New Gold to share the Rainy River fish habitat offsetting adaptive management 
example 

ACTION   EAO to distribute an example of socio‐economic management plan conditions from 
LNG projects 

ACTION     WG to review New Gold’s responses to water quality‐related comments, and follow‐up 
with an indication of whether or not they are resolved 
 
Beverly (NWFN):  Thank you. For the record, Nadleh does not agree with the fisheries offsetting project. Thinking 
about all the damage we do to the environment. Who speaks for the animals and all the people at home who are 
not here. We are changing something forever; it's a huge impact.  
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Thank you to New Gold for working to accommodate our asks. 

Day 2 Action Item Review and Adjourn 
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ACTION ITEMS  
 

#  Action Item  Who When (and Completion)

1  To assist with understanding the long‐term processes 
which could affect long‐term project loadings of 
sulphate and zinc, New Gold will provide an estimated 
time for sulphide and zinc depletion from waste rock 
and tailings (estimated from humidity cell sulphur and 
zinc consumption rates).  

NG June 30, 2017 
(June 29, 2017) 

2  New Gold to complete an additional water quality model 
sensitivity run. The purpose of the sensitivity is to 
understand how expected seepage from the TSF C to the 
TSF D will affect the predicted sulphate concentrations 
in Davidson Creek.  

a) New Gold will: 

 Provide updated seepage predictions from 
TSF C to TSF D which reflect the likely flow 
paths given the currently proposed dam 
design 

 Update the water quality model predictions 
for sulphate in Davidson Creek 

 Describe if the predicted sulphate 
concentrations affect the effects assessment 
completed for the following valued 
components relative to the February 2017 
submission:  
o surface water quality in Davidson Creek, 

specifically for sulphate 
o aquatic biota in Davidson Creek, 

specifically for sulphate 

NG Mid‐July, 2017 
(July 20, 2017) 

b) New Gold will arrange a call with MEM and other 
WG members to discuss which assumptions, if 
any, in the water quality model will be changing in 
order to complete the sensitivity.   

NG Week of June 19, 2017
(June 20, 2017) 

c) New Gold will provide a summary to the EAO 
outlining its position on hardness and what it 
would like to discuss with MOE.  

NG June 16, 2017 
(June 20.2017) 

d) Prior to providing a document describing how the 
sensitivity relates to the potential effects from 
sulphate to aquatic biota in Davidson Creek, New 
Gold and MOE will meet to discuss what toxicity 
thresholds and hardness concentrations should 
be used in the aquatic biota effects assessment.   

MOE and NG Before the end of June, 
2017 
 

e) Follow‐up in‐person meeting with WG members 
to discuss the results. 

EAO and CEAA Following completion of 
the rest of Item #2 

3  Provide a policy document or letter explaining MOE’s 
rationale for not considering predicted hardness 
concentrations when assessing potential effects from 
sulphate and why MOE recommends baseline hardness 
be used in effects assessments  

MOE and EAO (June 28, 2017) 
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#  Action Item  Who When (and Completion)

4  Provide section reference re: sensitivity analyses for the 
consideration of effects to the current use of lands and 
resources for traditional purposes in the Tailings 
Alternatives Assessment. 

NG Evaluation of alternative 
tailings technology for 
Blackwater Project Dec. 
2015 Section 7.6 and Table 
7.6‐1 
(June 7, 2017) 

5  Provide section in BAT study re: assessment of effects on 
Aboriginal Interests. 

NG Evaluation of alternative 
tailings technology for 
Blackwater Project Dec. 
2015 Section 9 
(June 7, 2017) 

6  Provide analysis previously provided to DFO of habitat 
units affected in Tatelkuz Lake with focus on NW and SE 
shallow‐sloped habitat. 

NG June 30, 2017 
(July 5, 2017) 

7  Follow‐up phone call on littoral zone habitat in Tatelkuz 
Lake and implications for offsetting. 

EAO and CEAA
WG 

Following completion of 
Item #6 

8  To assist with the WG understanding of the sulphate 
predictions in the open pit: 

a) MEM will circulate comments from Kelly Sexsmith 
on the appropriateness of the sulphate 
concentrations predicted from the metals removal 
WTP treatment of brine prior to discharge into the 
open pit.  

MEM – to 
include in 
meeting notes 

b) New Gold will provide a memo explaining how an 
assumption of the pit lake being filled solely with 
brine could affect sulphate concentrations in 
Davidson Creek, in the absence of any other 
processes. This will include: 

 A copy of the slide presented during the 
meeting which showed a maximum 10% 
increase in sulphate concentrations in 
Davidson Creek if sulphate concentrations in 
pit overflow are equivalent to brine sulphate 
concentrations. 

 A written explanation of the reasoning and 
calculations used to arrive at a maximum 
10% increase. 

 A diagram showing concentrations of SO4 
and total dissolved solids (TDS) in: 
o NF brine (influent to MR WTP) 
o MR WTP effluent  
o Pit lake bottom layer 
o WQ 26  

NG June 30, 2017 
(June 29, 2017) 
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#  Action Item  Who When (and Completion)

9  To assist with the WG understanding of the predicted 
concentrations of ammonia and WAD cyanide New Gold 
will provide the following: 

 Time series plots of predicted ammonia and 
WAD cyanide with and without the predicted 
attenuation rate. The graphs will show the 
relevant water quality guidelines. The data will 
also be tabulated.  

 Supporting literature and data for the 
attenuation rates. The analogue data will be 
compared to the site‐specific soil conditions at 
Blackwater (if this data is available).  

 How attenuation by‐products would influence 
the concentrations of other related parameters 
such as nitrate.  

Mid‐July, 2017 
(July 20, 2017) 

10  Distribute to WG reference on toxicity to pre‐eyed 
rainbow trout embryos and hardness listed within in 
sulphate guidelines, and provide citation and link for 
Taylor 2013 reference. 

MOE

11  Distribute to WG the Rainy River fish habitat offsetting 
adaptive management example 

NG (June 9, 2017) 

12  Distribute to WG example of a provincial socio‐economic 
management plan conditions from LNG projects  

EAO (Tavis) (June 9, 2017) 

13  Distribute to WG Stella’s presentation and updated NG 
presentation 

NG and EAO (June 15, 2017) 

14  WG to review New Gold’s responses to water quality‐
related comments, and follow‐up with an indication of 
whether or not they are resolved. 

EAO and CEAA
WG 

Response on action items 
requested by August 18th.  

 

#  Action Items Carried Forward to Future Meeting Who

A1  Limits of acceptable risk discussion EAO to 
coordinate 
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APPENDIX B:  REVIEW OF COMMENT 1396 – INCLUDED IN MEETING MINUTES 
FOR REFERENCE 

Comment 1396 (Round 1 ‐ April 5, 2017) 
Please provide empirical data or an appropriate analogue site demonstrating the effectiveness of the 
proposed NF system at removing SO4, NH4 and dissolved metals from influent solutions similar to 
those predicted for the NF portion of the proposed IX+NF WTP at closure and post‐closure for the 
current project. [EA Information Requirement] 

Response to Comment 1396 (Round 1 – May 8, 2017) 
Please refer to the memo entitled: Blackwater Gold Project ‐Water Treatment Responses for Comments 
1396, 1397 and 1398, dated May 8, 2017. 

Response to Comment 1396 (Round 1 – May 17, 2017) 
Please refer to the memo entitled: Blackwater Gold Project ‐Water Treatment Responses for Comments 
1396, 1397 and 1398, dated May 17, 2017. 

Comment 1396 (Round 2 – May 17, 2017) 
{Comment open}. Please provide an analogue site for Ammonia removal. Please provide the 
TetraTech presentation referenced in your response. Please provide the 2016 BQE sulphate removal 
pilot study documentation. Please provide the Newmont study mentioned (but not referenced) in 
your response. Provide discussion on how the proposed analogue sites would be appropriate (water 
chemistry, regional climate, VC’s). No actual report or presentation was referenced that I could 
locate. I did find a TetraTech presentation that discussed the following; 

 Sulphate presence may cause mercury methylation. How will you address the 
potential for mercury methylation? 

 The TetraTech presentation mentions extensive pretreatment in the presence of 
high sulphate before NF in order to maximize treatment. Will pretreatment to 
reduce scaling be included? will this occur in the metals removal process prior to 
NF? 

 The TetraTech presentation discusses chemical treatment of brine for discharge. 
New Gold is not proposing any treatment of the brine. Did New Gold consider the 
treatment of brine for discharge? What was the driver for not treating and rather 
for “burying” of this waste stream? 

 The TetraTech presentation discussed in relation to the Questra Mine, was this put 
out before or after the $ 143M cleanup settlement for this superfund site? 

Response to Comment 1396 (Round 2 – May 31, 2017) 
The use of RO and NF to remove ammonia from mine impacted water are described in the MEND 
3.50.1 report as well as in the references previously referenced in the New Gold responses to 
regulator comments associated with this project (refer to references and appendices in the memo 
entitled Blackwater Gold Project: Water Treatment Responses for Comments 1396, 1397, and 1398, 
dated May 17, 2017). However, BQE does not have access to details of a relevant analogue site. 
The TetraTech presentation is attached. This analogue site is relevant because it involves removal of 
sulphate and other trace metals from mine impacted water using nanofiltration. The site is in the 
mountains of New Mexico. 
The 2016 BQE sulphate removal pilot report is confidential, as it was produced for another client 
under a non‐disclosure agreement. However, tables showing influent/effluent from both the Sulf‐IX 
system and the NF systems is shown in the attached. This is another site where NF and Sulf‐IX are 
used to remove sulphate from mine impacted water. This site is in Minnesota. 
The Newmont system at Yanacocha is described in the MDS package. The WTP there uses RO to 
remove base metals, N species, cyanide and mercury from heavily impacted mineral processing 
water. 

 Mercury methylation can be caused in the presence of sulphate reducing bacteria 
and is a risk associated with biological treatment systems. No sulphate reducing 
bacteria are used in the proposed Sulf‐IX treatment process for Blackwater. In 
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contrast, the water treatment plant is entirely physico‐chemical with no biological 
component. 

 Yes, pre‐treatment filtration will occur ahead of the nanofiltration unit. The purpose 
of this system will be to remove suspended solids from the influent water. The Sulf‐
IX system also acts as pretreatment in that the influent water is demineralized, thus 
reducing scaling potential. Further discussion of pretreatment occurred during the 
May 11, 2017 meeting with MEM (meeting minutes attached). In the memo from 
Sean Shaw (MEM) entitled Blackwater ‐ New Gold Responses to MEM Active Water 
Treatment Option Review Comments, dated May 25, 2017, MEM indicated that 
sufficient information had been provided at the EA stage on the proposed 
treatment processes. 

 New Gold is proposing to treat the NF brine at the MR WTP prior to disposal at 
depth in the pit lake. Please refer to the Blackwater Gold Project: Water Treatment 
Responses for Comments 1266, 1270, 1271, 1272, and 1273, dated February 15, 
2017, for further discussion of proposed NF brine treatment. 

 The referenced presentation was given at the 38th Annual National Association of 
Abandoned Mine Land Programs conference in September 2016. This conference 
occurred after the August 2016 settlement with Chevron. 

Comment 1396 (Round 3 – May 31, 2017) 
Resolved. New Gold has provided conceptual information that suggests that the proposed 
Nanofiltration (NF) water treatment system may be an effective technology to achieve the predicted 
closure and post‐closure effluent water quality set as part of the EA application. This technology 
would operate in combination with the proposed Sulf‐IX system. No site‐specific data or analogue site 
data has been provided to demonstrate the effectiveness of the proposed NF system. New Gold has 
alternatively provided effluent water quality predictions based on conservative lower bound removal 
efficiencies for parameters of concern. However, due to the lack of any performance results, 
significant uncertainty remains with the ability of the proposed NF process to consistently achieve the 
effluent water quality objectives stated in the EA application. This uncertainty applies to both the 
closure and post‐closure phases. It is MEMs understanding that no additional information is available, 
at this time, to reduce this uncertainty.  
At initial Mines Act permitting, New Gold must provide additional information on the design, 
operating requirements, system performance, predicted effluent water quality and treatment 
effectiveness of the NF system, in tandem with the Sulf‐IX, based on the results of site‐specific 
piloting work. The general information requirements for water treatment are included in the MEM 
document ‘General Mines Act Permitting Requirements for Water Treatment’, which was provided to 
New Gold, via email, on November 2, 2016. [Mines Act Permitting Requirement] 
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APPENDIX C: REVIEW OF COMMENT 1391 – INCLUDED IN MEETING MINUTES 
FOR REFERENCE 

Comment 1391 (Round 1 ‐ April 5, 2017) 
Please provide the full dataset for the demonstration Sulf‐IX plant that was used to determine the 
removal efficiencies for the Sulf‐IX WTP proposed for the current project. Additionally, please provide a 
detailed explanation of how the assumed removal efficiencies for SO4, Ca and NH4 (and any other 
parameters) were calculated and applied to the predicted Sulf‐IX WTP influents during closure and post‐
closure in order to determine the predicted effluent concentrations (prior to treatment by the NF 
system). [EA Information Requirement] 

Response to Comment 1391 (Round 1 ‐ April 28, 2017) 
Appended to this document is a table showing a month of operating data from the Sierrita Sulf‐IX demo 
plant supporting the removal rates. These data were chosen for the design basis for New Gold as it was 
this portion of the demonstration program where the system was run with minimal operating 
parameter chances. BQE would be happy to arrange a follow up discussion phone call or meeting to go 
through a summary of this material in detail if required. 
The removal efficiency of Sulf‐IX for Blackwater was estimated first by calculating the removal efficiency 
of the cationic circuit for calcium. The practical lower limit of Ca in the effluent in this case is ~35 mg/L, 
approximately 85% removal, as is shown in the attached dataset. The removal of Ca from the cationic 
feed water leads to a proportional increase in H+ in the anionic feed. The level of removal of SO4 is 
proportional to the amount of H+ in the feed to the anionic circuit. In practice, the ratio of Ca removal 
to SO4 removal is 1:1 on a molar basis. For example, this is reflected in Table 5.3 of the report, which 
shows a removal of 213 mg/L Ca and 510 mg/L SO4 across the Sulf‐IX circuit. 
The removal efficiency of NH4+by Sulf‐IX is expected to be small, <1 mg/L. This value was estimated 
based on assessment of the removal of Na+ from the feed water of the demonstration plant. Na+ and 
NH4+ are both monovalent cations and so have similar affinity for the cationic resin in use. However, 
there is more impetus for removal of NH4+ because in the high pH environment of the anionic 
regenerant, NH4+ will convert to NH3 and a portion may volatilize. In total, the removal was estimated 
based on Na removal experience. 

Comment 1391 (Round 2 – May 25, 2017) 
Resolved. Information has been provided to demonstrate the conceptual effectiveness of the proposed 
Sulf‐IX water treatment system to achieve the predicted closure and post‐closure effluent water quality 
set as part of the EA application. The provided analogue site data indicates that the Sulf‐IX system has 
been implemented for a mining operation, at a small scale pilot, in another jurisdiction. This process has 
not been demonstrated to perform consistently under the conditions, or over the timeframe, expected 
for the Blackwater project. Due to the lack of site‐specific results, there remains some technical 
uncertainty with the ability of the proposed Sulf‐IX system to consistently achieve the effluent water 
quality objectives stated in the EA application. However, MEM expects that this technology should be 
able to be proven technically feasible for implementation at Blackwater, given the information 
provided.  
At initial Mines Act permitting, New Gold will be expected to provide additional information on the 
design, operating requirements, system performance, predicted effluent water quality and treatment 
effectiveness of the proposed Sulf‐IX system, based on the results of site‐specific piloting work. This 
detailed summary will be required for each of the different influent sources planned for the closure and 
post‐closure phases. The general information requirements for water treatment are included in the 
MEM document ‘General Mines Act Permitting Requirements for Water Treatment’, which was 
provided to New Gold, via email, on November 2, 2016. [Mines Act Permitting Requirement] 
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MEMORANDUM 

To: Mr. Ryan Todd Date: August 3, 2016 

Copy To: Sachi DeSouza, Keith Ferguson, Nicole Bishop File No.: VA101-00457/20-A.01 

From: Daniel Fontaine Cont. No.: VA16-00994 

Re: Implications of the Proposed Project Improvements on the Evaluation of Alternative Tailings 
Technologies for the Blackwater Project  

1 – INTRODUCTION 

Additional changes to the Blackwater Gold Project (the Project) design have been proposed by New Gold during 
the technical review of the Environmental Assessment (EA) in response to comments received from working 
group members. Given the proposed design changes and revised models, the EAO (see letter dated June 22, 
2016) requested that New Gold describe how the changes will affect the Evaluation of Alternative Tailings 
Technologies (EATT) completed for the application (ERM, 2015). The design changes are as follows: 
 Eliminate the East Dump and add the material to the West Dump 
 Install a water treatment plant to recycle water from the tailings storage facility (TSF) for fresh water use in 

the mill (e.g. pump gland seal water and reagent make-up water), and 
 Install a water treatment plant to discharge water into Davidson Creek during operations (approximate start 

in Year 5 and end in Year 15 when filling of the pit lake begins). 

The changes were made to reduce water management requirements in the TSF and reduce potential 
environmental effects of the ancillary facilities of the project (East Dump and Fresh Water Supply System). The 
changes do not fundamentally alter the TSF design, and have an inconsequential impact on the results of the 
Multiple Accounts Analysis (‘Step 4’ of the EATT) and the determination of the Best Available Technology (BAT) 
for the project. The improvements relate to ‘Step 5’ in the EATT, which was in regard to determination of the 
Best Available Practices (BAP) for the project. In the context of the EATT, these changes represent application 
of additional BAP in that they are proposed to reduce water management requirements in the TSF. 

The following document discusses how these additional proposed project changes and practices further 
enhance safety and reduce project risk from the tailings facility through improved water management flexibility. 
This summary is provided to explain the current improvements, and how these improvements build on the 
improvements made during the EATT for the Project (ERM, 2015). 

More information on the implications of the design changes, in response to the remainder of the EAO’s June 22, 
2016 letter, will be presented in additional submissions. 

2 – SUMMARY OF CHANGES IMPLEMENTED DURING THE TAILINGS ALTERNATIVES EVALUATION  

Knight Piésold Ltd. (KP) completed a Failure Modes and Effects Assessment (FMEA) in order to identify and 
characterize risk to the Project TSF, and to catalogue measures to reduce and manage risk (KP, 2015). The 
FMEA was included in the EATT for the Blackwater Project (ERM, 2015) as Appendix F and was summarized in 
Section 8 of that report. The FMEA identifed the opportunity to reduce project risk through improved water 
mangement practices (application of BAP). The opportunities included consideration of the physical location of 
water storage, active management of undisturbed runoff contributing to the water balance, emergency removal 
of water from the pond, and dam safety in extreme conditions. 

The risk of surplus water development was considered in the FMEA, and was mitigated with project changes as 
follows: 



 

 2 of 7 VA16-00994 
  August 3, 2016 

 Installing of optional water diversions for undisturberd catchment upstream of TSF Site D (Northern 
Diversion) and upstream of the mine facilities south of the TSF (Southern Diversion), and 

 Transfering the majority of tailings pond supernatant from TSF Site D to TSF Site C. 

Two additional contingencies were implemented during the EATT to enhance dam safety: 
 Establishment of interim emergency overflow channels around the Site D Main Dam during operations to 

ensure that the incremental increase in runoff from a Probable Maximum Flood (PMF) during operations 
would be safely transmitted around the dam in a controlled manner, and 

 Emergency water storage in the open pit in the event that excessive water is encountered in the TSF that 
causes a violation of freeboard requirements and water levels need to be lowered. Use of the emergency pit 
storage would lead to a suspension of operations. 

The upstream catchment diversion and water transfer strategies were incorporated into the revised project water 
balance model (KP, 2016a). The water balance plan aimed to maintain the TSF Site D pond in a balanced 
condition throughout operations by implementing the Northern and Southern Diversions and pumping 
supernatant water from TSF Site D to TSF Site C . Specifically, the strategy used in the modelling included: 
 Utilizing the Southern Diversion between Year 4 through Year 10 
 Utilizing the Northern and Southern Diversions between Year 11 through Year 16, and 
 Pumping from Site D to Site C at rates between 1000 m3/hr during the first two years of operations and 

2200 m3/hr by the end of operations. 

The model results showed that the TSF Site D pond volume will fluctuate under average climate conditions 
between approximately 1 Mm3 and 5 Mm3 during operations (Year 1 to 17), as shown on Figure 1. The 
TSF Site C pond volume will fluctuate between approximately 11 Mm3 and 13 Mm3 during operations once 
tailings disposal in Site C is complete, and will remain below the TSF Site C spillway invert at all times. Tailings 
will be disposed in TSF Site C for the first two years of operations and then TSF Site D thereafter. 

 

 

Figure 1  TSF Site C and Site D Pond Volumes – Average Conditions 
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The filling curves for the TSF were updated with specific focus on identifying the total available storage for pond 
water in both TSF Site C and TSF Site D (KP, 2016b). The revised filling curves distinguish storage capacity 
available for the Inflow Design Flood (IDF) from the available storage capacity for the supernatant pond 
throughout operations. The applicable IDF volumes for the design of the facility during operations are as follows: 
 TSF Site C = 5 Mm3 
 TSF Site D = 28 Mm3 

The pond volume predictions from the water balance model for average climatic conditions are superimposed on 
a plot of available pond water storage volume from the revised filling curves for TSF Site C and TSF Site D on 
Figures 2 and 3, respectively. These figures demonstrate that the predicted pond volumes are within the range 
of available storage at all times.  

 

Figure 2  Comparison of TSF Site C Pond Volume Predictions 
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Figure 3  Comparison of TSF Site D Pond Volume Predictions 

 

2.1 IMPACT OF ABNORMALLY WET CONDITIONS 

The ability of the Northern and Southern Diversions to manage abnormally wet conditions was evaluated by 
completing stochastic analyses for the revised water balance, including alternative implementation strategies for 
the diversions.  

The alternative implementation strategies included: 
 No change in operation of the diversions from the strategy set out for average conditions (Scenario 1, KP, 

2016a) 
 Implementation of both diversions starting in Year 4 (Scenario 2, KP, 2016a), and 
 Implementation of both diversions starting in Year 1 (Scenario 3, KP, 2016a). 

Abnormally wet conditions were represented as results with a certain probability of occurrence for each scenario. 
The 95th percentile curves shown below represent the pond size that has a 5% chance of being exceeded at any 
time. In other words, there is a 95% probability that the volume contained in the pond will be less than the 
volume shown on the curve at any particular time. The 95th percentile volumes are not a result of a particular 
sequence of events like the deterministic average results, but are rather a series of points with a probability 
based value considering all potential realizations of the model in any month and year of the water balance. 

The TSF Site D Pond volume accounts for potential inflows from TSF Site C via the spillway. The TSF Site C 
pond for all modelled wet scenarios was generally full up to the TSF Site C spillway invert. The spillway is sized 
to manage the IDF for this facility, and the IDF for TSF Site D includes allowance for the runoff from Site C that 
will be conveyed by the spillway to Site D. 

The results of the stochastic modelling for the 95th percentile for the three scenarios listed above are shown on 
Figure 4, and compared with the available storage for the pond in TSF Site D. The solid black line represents the 
available storage for the pond based on the planned rate of dam construction for average conditions. Each spike 
represents the completion of the next stage of the dam and resulting increase in storage capacity. There is a 
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probability greater than 95% that the pond volume will be less than the storage capacity at any given time when 
the predicted volumes for the scenario are below the solid black line representing the pond capacity. 

 

Figure 4  Available TSF Site D Storage Volume 

The results from Scenario 1 indicate that some active management may be required to reduce the probability of 
surplus conditions developing beyond Year 10. For Scenario 2 and 3, active management may be required in 
Years 13 to 14. After Year 14 water from TSF Site D can be pumped to the open pit for back-filling to prevent 
development of surplus conditions in the TSF.  Scenario 2 and 3 demonstrate that utilizing both diversions will 
stabilize the TSF D pond volume and reduce the likelihood and magnitude of any surplus conditions. Therefore, 
if wetter conditions are encountered, using both diversions will assist water management in TSF Site D.  

The Application mentions that the TSF dams could be raised more frequently, if required. One or more raises of 
the dam in the later years of operations could be constructed earlier if wet climatic conditions were prevailing, 
thereby preventing stored volume from encroaching on the IDF storage allowance. For both Scenarios 2 and 3, 
the 95th percentile volumes exceeded the pond storage capacity (excluding IDF freeboard) in Years 12 through 
14 (the end of active mining). To mitigate the potential effects of the surplus, the ultimate dam elevation could be 
constructed earlier to prevent encroachment on IDF storage; however, a raise above elevation 1,340 m will not 
be required, as any water surplus after Year 14 will be pumped to the Open Pit to accelerate pit filling.  

2.2 SUMMARY OF REVISED WATER BALANCE IMPLICATIONS 

The water balance predictions for average conditions demonstrate that pond volumes can be managed in the 
preferred operating range with the project water management scheme as described in the EATT. The predictions 
for abnormally wet conditions indicate that the probability of developing surplus conditions in the TSF is low and 
can be reduced further, if required, by responding to observed abnormal climate conditions during operations by 
utilizing both diversions earlier in the mine life. There is a very small chance of occurrence of surplus conditions, 
beyond the capacity of the fresh water diversions to manage, that may require short term increases to the stage 
elevations (i.e. accelerated dam construction) of the Site D Main Dam late in operation of the mine. The 
abnormally wet conditions described above roughly correlate to a 5% chance that an average water surplus of 
1.5 Mm3 per year could develop even with both diversions active.  



 

 6 of 7 VA16-00994 
  August 3, 2016 

3 – IMPACT OF ADDITIONAL PROJECT IMPROVEMENTS 

The technical review of the EA identified the following potential improvements to further enhance water 
management best practices for the Project: 
 Reducing areas impacted by the mine requiring water collection 
 Eliminating water sources from the water balance, and 
 Removing mine impacted water from the water balance where possible. 

The proposed improvements were related directly to Risk Items #20, 21, and 22 from the FMEA in ‘Step 5’ of the 
EATT. These risks were: 
 Risk Item #20: Failure to follow staged construction plan to meet filling requirements or storage of excess 

water leading to design freeboard violation 
 Risk Item #21: Inability to recognize and respond to changes at the site (e.g. increased disturbance area, 

climate conditions consistently wetter than average, extended mine life). Inadequate tailings pond capacity 
or excessive water resulting in need to discharge tailings pond supernatant to receiving streams, and 

 Risk Item #22: Incorrect water balance modelling resulting in unexpected surplus or deficit of water. 

The following sections outline the proposed additional project improvements to achieve these objectives. 

3.1 ELIMINATION OF THE EAST DUMP 

The East Dump was eliminated from the mine plan and therefore reduces area requiring water management. 
The East Dump was located in the headwaters of a Creek 661 tributary. It was one of very few disturbances in 
the Creek 661 catchment area. The majority of mine facilities will be located in the Davidson Creek catchment. 
The East Dump disturbed approximately 140 hectares (ha) and required collection of runoff from approximately 
300 ha, contributing up to approximately 0.5 Mm3 per year of mine water runoff to the water balance. The 
elimination of the East Dump removes this source of water from the water balance completely, eliminates the 
corresponding impact to streamflows in Creek 661, and lessens disturbance in the Creek 661 catchment (a 
portion of the open pit is still within the Creek 661 catchment). 

3.2 TREATMENT AND RECYCLE WATER FROM THE TSF FOR FRESH WATER  

Mill water demands will now be met by recycling tailings supernatant water. Fresh water is required for operation 
of the mill (e.g. pump gland seal water and reagent make-up water). The annual volume of fresh water required 
to support the process is slightly more than 1 Mm3 per year. The Application identified that this water would be 
sourced from Tatelkuz Lake, located approximately 20 km northeast of the mine site. The opportunity to source 
water for the mill by treating TSF water will eliminate approximately 1 Mm3 per year of water to the water balance 
and will reduce impacts to the environment. 

Reducing water withdrawal from Tatelkuz Lake will reduce impacts to Tatelkuz Lake and lessen the reduction in 
flow to Chedakuz Creek. Chedakuz Creek drains Tatelkuz Lake before its confluence with Davidson Creek 
approximately 800 m downstream of the lake. Chedakuz Creek flows northwest from this point for approximately 
25 km to the Nechako Reservoir.  

3.3 TREATMENT AND DISCHARGE INTO DAVIDSON CREEK DURING OPERATIONS 

The FMEA outlined that as a net zero operational surface water discharge (or closed circuit) facility there is no 
available means to remove mine impacted water from the water balance. Use of emergency pit water storage in 
the event that excessive water is encountered in the TSF would lead to a suspension of operations for a period 
of time. 

To mitigate the risks from excess water in the TSF, the inclusion of water treatment and discharge to Davidson 
Creek during operations is proposed. Water from the open pit (surface water runoff and groundwater) will be 
pumped to a water treatment plant, treated, and then discharged to Davidson Creek. This creates the ability to 
remove water from the water balance while maintaining operational capacity of the mine. Removal of water from 





Appendix D-4: Environment and Climate Change Canada Comments on the 2015 Evaluation of Alternative Tailings Technologies for the Blackwater Gold Project

EC-28 3-Mar-16 EIS Guidelines section 8.1
EIS - Appendix 2.5A Assessment of 
Alternatives for the Blackwater Gold 
Project Tailings Storage Facility; Section 
4. Prefeasibility Alternatives

Under the prefeasibility alternatives section of the Assessment of Alternatives report, the Proponent has briefly discussed the potential to use newer tailings disposal technologies such as dry 
stacking and paste tailings. However, these options have been discounted from further consideration after initial screening as being non-feasible for reasons that are not fully justified in 
writing.  This is particularly noteworthy in the context of concerns that are common to both dry and wet disposal such as the need for containment dams to contain the dewatered tailings 
and ensure stability, and the need for seepage collection and control measures around the perimeter and at the toe of the facility.
It is the view of ECCC that the Proponent should provide additional justification for discounting the options, given the recommendations of the recently released Expert Panel Review on the 
Mount Polly Dam failure. This report recommended the adoption of best applicable practices for tailings disposal for future mine plans, which includes filtered, unsaturated, compacted 
tailings and reduction in the use of water covers in a closure setting. ECCC expects that the applicability of the Panel recommendations to this project will be a key concern for many 
Aboriginal groups and stakeholders, particularly in the context of their review of the Assessment of Alternatives Report. 
On this basis, the Proponent is asked to provide further rationale as to why dry stacking and paste tailings were screened out from further consideration.   Specific examples of where the 
rationale needs to be strengthened include:
a) The Proponent has stated that the generally low water content of the dry stack tailings allows oxygen diffusion and increases the potential for development of ML/ARD.
b) The Proponent has stated that the closest area identified for dry stacking would involve multiple dry stack impoundments located approximately 12 km from the mine site, and does not 
meet the exclusion based on distance criteria.
c) The Proponent has discounted dry stacking on the grounds that dewatered tailings would require containment dams to contain the dewatered tailings and ensure stability of the facility. 
Furthermore, the Proponent has discounted dry stacking on the grounds that it would require seepage collection and control measures around the perimeter and at the toe of the facility for 
the management of process affected seepage water.
d) One of the reasons cited by the Proponent for eliminating dry stacking is ‘unproven technology for high mill throughputs’.

Pursuant to the March 16, 2015 letter to New Gold from the EAO, New Gold prepared the report Evaluation of Alternative Tailings Technologies for the Blackwater Report. This 
report evaluated technology, siting, and water balance considerations, and the environmental, social, economic, health and heritage implications for 23 tailings and waste rock 
management alternatives. The alternatives considered in this assessment included thickened slurry, paste, and filtered tailings "dry stack" with and without co-disposal of metal 
leaching waste rock (NAG3) in the tailings storage facility. Environment Canada was provided with a copy of this report in January, 2016.  

a) ECCC requests that the Proponent clarify why compacting the tailings and placing an impermeable/diffusion 
barrier on top of the dry stack tailings would not mitigate the potential development of ML/ARD. Has the 
Proponent taken into account technical and economic factors in the context of their concerns that dry stacking 
increases the potential for development of ML/ARD?
b) ECCC questions the basis for restricting the site selection to 10 km and eliminating the potential dry stack area 
located approximately 12 km from the mine site. Dry technologies may be cost-competitive in the long-term, 
compared to the cost of maintaining dams for centuries.  Has the Proponent undertaken a detailed feasibility cost 
analysis for the entire mine life and long-term post-closure phase to compare the benefits of conventional tailings 
deposition with that of dry stacking in the context of weighing in all factors, e.g., long-term maintenance, risks 
and liability?
c) ECCC believes that the containment dams and seepage collection reasons stated by the Proponent to discount 
dry stacking are equally applicable to wet tailings disposal. The Proponent’s rationale for eliminating dry stacking 
based on the above grounds is not clear.
d) ECCC questions the Proponent’s rationale for eliminating dry stacking on the basis on ‘unproven technology’. 
ECCC understands from the Expert Panel Report that there are examples of international jurisdictions, including 
those in the cold and wet regions that have moved toward modern alternatives with tailings disposal technology 
such as dry stacking. ECCC requests that the Proponent explain why dry stacking would not be feasible for the 
mine located in a cold region following a scale-up of the mill throughput.
The development of this information will enable ECCC to better assess whether the proposed option is that which 
makes the most environmental and socio-economic sense in light of the Mount Polley Report. It will also enable 
the department to make firm statements relative to our conclusions on the Assessment of Alternatives Report 
when we consult with Aboriginal communities and stakeholders.

EC-37 3-Mar-16 EIS Guidelines section 8.1
EIS - App 2.5A AA-TSF; Tables 6.2-2, 
6.2-3, 6.2-4 and 6.2-5

Further to the Guidelines for the Assessment of Alternatives for Mine Waste Disposal (referred to in the EIS Guidelines) objective of differentiating between alternatives, the value scale 
ranges encompassed should be constant to ensure that scoring is proportional for each value in the scale (see above example). ECCC questions the selection of value scales for assessing some 
indicators to compare alternatives in terms of how these value scales differentiate each alternative. For example, the value scale ranges for the following indicators are not constant: 
a) “Tailings delivery and placement”: the score of “4” is assigned a range of approximately 2km while the remaining scores encompass approximately half of this range.
b) “Direct loss or disturbance to caribou habitat”: the score of “4” is assigned a range of approximately 90 ha while the remaining values encompass approximately 100 ha.
Similarly, the following indicators do not have value ranges which are constant:
c) “Direct loss or disturbance to terrestrial bird habitat”
d) “Wetland ecosystems”
e) “Direct loss or disturbance to myotis spp. habitat”
f) “Direct loss or disturbance to western toad habitat”
g) “Use of Spiritual/Traditional Sites”
h) “Sustaining capital and operating costs”
i) Quantity of PAG waste rock stored on-land
Assigning ranges which are not constant within a value scale could favour alternatives with scores that encompass a greater range, or against alternatives with scores that encompass a lesser 
range.

a) "Tailings delivery and placement" has constant value scale ranges.  The Unit/metric between scalar values 2-5 corresponds to approximately 1km divisions between the two end-
member options of <9km and >13km. Table 5.3-1 within section 5.3, on page 192 of Appendix 2.5A displays the individual lengths which support this choice.
b) The units/metrics for "Direct loss or disturbance to Caribou habitat" are provided in equal increments of 90Ha between ratings 5 and 2, with 6 corresponding to no high-quality 
habitat, 5 corresponding to <360Ha of high quality habitat and 1 representing >630Ha of high quality habitat (Table 6.2-3, page 227 of Appendix 2.5A of the EIS). 
c) “Direct loss or disturbance to terrestrial bird habitat” provides units/metric which are in equal increments of approximately 100Ha between scalar values 2-5, where 6= no high 
quality habitat lost, 5 = <600Ha of high quality habitat lost, and 1 represents >900Ha of high quality habitat lost. 
d) “Wetland ecosystems” provides unis/metrics at equal steps of 16.5 Ha between scalar values 5 and 2.  The scalar value of 6 has been assigned to "no loss of wetlands", 5 indicates 
<150 Ha loss of wetlands, and the scalar value of 1 represents >200 Ha loss of wetlands.
e) “Direct loss or disturbance to myotis spp. habitat”  has unit/metric ranges in  equal 100 Ha increments  between scalar values 5 and 2.  The scalar value of 6 has been assigned to no 
loss of high quality habitat, the scalar value of 5 has been assigned to a value of <510 Ha of high quality habitat, and a scalar value of 1 has been assigned to >810 Ha of high quality 
habitat.
f) “Direct loss or disturbance to western toad habitat” has unit/metric ranges in equal 80 Ha increments between Scalar values 5 and 2, where scalar value of 6 corresponds to no loss 
of high quality habitat, Scalar value 5 represents <100Ha of high quality habitat, and the scalar value of 1 represents >340 Ha of high quality habitat .
g) "Use of Cultural/Traditional Sites" has equally distributed units/metrics representing equal increments of 5 sites per scalar value between scalar values 2-5.  Scalar value 6 
represents < 12 heritage features affected, and scalar value 1 represents >31 heritage features affected. 
h)“Sustaining capital and operating costs” has equally distributed units/metrics representing an increment of $80,000,000 between scalar values 5 to 2.  Scalar value of 6 represents 
<220,000,000 and scalar value of 1 represents >520,000,000.
I) The variable scoring scale is meant to be reflective of the relative risk of storing various volumes of PAG material on-land (See section 7.1.1 and table 6.2-2 of Appendix 2.5A of the 
EIS). 

ECCC recommends that the proponent ensure value scales are representative for all of the indicators mentioned, 
i.e., have constant value scale ranges.

EC-39 3-Mar-16 EIS - App 2.5A AA-TSF;  Appendix A.1 
(Calculation Tables)

The merit score and weighting calculated for the sub-accounts “tailings dam characteristics” and “hydrology” appear to be inconsistent with the data inputs for these sub-accounts.  Please refer to the  memo entitled, “Blackwater Gold Project: Alternatives Assessment Multiple Accounts Analysis Indicator Scales - Response to Comments EC-36, EC-39 and partial response to 
EC-40, 42, and 43 ”, dated August 9, 2016. This memo details the reassessment of the tailings and NAG waste rock options with the revised value scales and updated calculations for 
the requested indicators and sub-accounts.

ECCC requests that the proponent review the merit score and weighting for the sub-accounts “tailings dam 
characteristics” and “hydrology”.

EC-49 3-Mar-16 EIS Guidelines section 8
EIS - App 2.5A AA-TSF;

The EIS Guidelines section 8.1 refers the proponent to ECCC’s Guidelines for the Assessment of Alternatives for Mine Waste Disposal (2011) for guidance on completing the Assessment of 
Alternatives.
These guidelines (p.4) underline the importance of consultations on “results of alternatives assessments… and its conclusions”  
During Aboriginal consultation in the EA of mining projects, a key concern among Aboriginal groups is the location of tailings facilities.

The views of the Lhoosk’uz Dene Nation, Ulkatcho First Nation and Skin Tyee Nation on their perception of the impacts of the various tailings alternatives on each Aboriginal group’s 
interests was solicited during the consultation process for the Evaluation of Alternative Tailings Technology for the Blackwater Project. The reader is referred to Section 2 of the 
December 2015 report. 
During the formal review of the EA Application, NG will also meet with Lhoosk’uz Dene Nation, Ulkatcho First Nation, and Skin Tyee Nation to seek their comments on the TSF 
alternatives assessment and proposed Fish Mitigation and Offset Plan (FMOP).  As part of the review of the EA Application, NG will hold meetings in Aboriginal communities and 
will develop a display panel to summarize the results of the TSF alternatives assessment. 
NG also intends, if possible, to participate in meetings to be organized by Lloosk’uz Dene Nation and Ulkatcho First Nation to engage UBC in assisting these groups with their review 
of the tailings technology evaluation.  NG will include a summary of consultations in the tailings technology evaluation report. 
A summary of consultation performed to date on the FMOP is included in Section 2.1.  

ECCC requests that the proponent solicit views from Lhoosk’uz Dene Nation, Ulkatcho First Nation and Skin 
Tyee Nation on their perception of the impacts of the various tailings alternatives on each Aboriginal group’s 
interests.

EC-51 3-Mar-16 EIS – App 2.5A AA-TSF; titled 
“BLACKWATER GOLD PROJECT 
Assessment of Alternatives for the 
Blackwater Gold Project
Tailings Storage Facility”, October 2015  
BLACKWATER GOLD PROJECT
Evaluation of Alternative Tailings 
Technologies for the Blackwater Project
December 2015

ECCC notes that there is a discrepancy in the Proponent’s reporting on the preferred tailings disposal technology in the EIS. 
For example, in the Assessment of Alternatives for mine waste disposal (Appendix App 2.5A), the Proponent stated that for Option FS (preferred option), the tailings that would be 
generated from the processing plant, will be deposited using conventional sub-aqueous slurry tailings disposal method. In contrast, in the report on the Evaluation of Alternative Tailings 
Technologies for the Blackwater Project (December 2015), the Proponent has stated that the thickened slurry tailings with submerged potentially acid-generating/non-acid generating3 
(PAG/NAG3) waste rock involving Candidate 1 (preferred option), was the best overall candidate and therefore is BAT for the Project.
The above two reports in the EIS refer to two different types of tailings disposal (i.e., conventional slurry and thickened slurry) as being the Proponent’s preferred method of tailings disposal. 
This discrepancy in reporting the tailings disposal method needs to be clarified by the Proponent.

The Project will dispose of tailings in thickened slurry form. ECCC requests that the Proponent clarify the discrepancy in reporting the tailings disposal technologies in 
different sections of the EIS.

EC-52 3-Mar-16 EIS – App 2.5A AA-TSF; titled 
“BLACKWATER GOLD PROJECT
Assessment of Alternatives for
the Blackwater Gold Project
Tailings Storage Facility”, October 2015
Section 1.7 (page 1-9)

In section 1.7 of the Assessment of Alternatives report (Appendix App 2.5A), the Proponent has stated that the Project’s non-acid generating (NAG) waste rock dumps and low grade ore 
(LGO) stockpile locations are proposed to overlap with fish-bearing waterbodies and will require inclusion in the Project’s Schedule 2 amendment to the MMER. However, it appears that the 
Proponent has not included the low-grade ore in the assessment of alternatives for mine waste disposal and has not demonstrated that the proposed use of the fish-bearing waterbodies as 
tailings impoundment area (TIA) for the disposal of low-grade ore is the best option from an environmental, technical and socio-economic perspective.

Appendix E of EIS Appendix 2.5A evaluates the environmental, technical and socio-economic consideration of Low Grade Ore stockpile locations, following the methodology laid out 
in Environment Canada's (2011) Guidelines for the Assessment of Alternatives for Mine Waste Disposal.

ECCC requests that the Proponent include the low grade ore in the assessment of alternatives for mine waste 
disposal to demonstrate that the proposed use of the waterbodies as TIA is the most appropriate option for mine 
waste disposal from environmental, technical and socio-economic perspectives.
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T +1 604 685 0543 
E vancouver@knightpiesold.com 
www.knightpiesold.com 

Dear Ryan, 

RE: Blackwater Project – Alternatives Technology Options Study Update 

1.0 INTRODUCTION 

Knight Piésold Ltd. (KP) prepared this letter for BW Gold Ltd. (BW Gold) as an input to the Assessment of 
Alternatives for the Blackwater Gold Project for Mine Waste Disposal (AA), authored by ERM. 

The following letter sets the context of the prefeasibility (PFS) design of the proposed project as it relates 
to the candidates developed for the Alternative Technology Options Study (Knight Piésold Ltd., 2015a) and 
the subsequent Tailings and Storage Facility Failure Modes and Effects Assessment Report (Knight Piésold 
Ltd., 2015b). Given that the overall volume and characteristics of waste materials remains similar between 
that considered for the above-mentioned 2015 studies and the current PFS, the results of the tailings 
technology options study and the subsequent risk assessment remain valid. 

1.1 REFERENCE REPORTS 

Information available in the following KP subject matter reports was used to prepare this letter: 

 Alternatives Assessment – KP Report, Alternative Technology Options Study, Ref. No. VA101-457/15-
1 Rev. 0 dated December 2015 

 Tailings Storage Facility Failure Modes and Effects Assessment Report, Ref. No. VA101-457/15-2 Rev. 
0 dated December 2015 

 2020 Prefeasibility Study – Mine Waste and Water Management Design Report, Ref. No. VA101-
457/32-1 Rev. A dated September 2020 

2.0 MINE PLAN AND LAYOUTS FOR ALTERNATIVE TECHNOLOGY OPTIONS 

The life of mine total waste production of tailings, as well as NAG3 and PAG waste rock, for the 2015 
studies and the current PFS are presented in Table 2.1as follows: 

Table 2.1 Life of Mine Waste Production 

Material Unit 2015 Studies (based on 2013 FS) 2020 PFS Difference 

Tailings Mtonnes 344 334 (2.9%) 
PAG + NAG3 Mtonnes 446 467 4.7% 
Total Mtonnes 790 801 1.4% 
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The 2020 PFS design presents the concept of production ramp-up, whereby there are three distinct 
development phases: Years 1 to 5 (15,000 tonnes per day (tpd)); Years 6 to 10 (33,000 tpd); Years 11 to 
23 (55,000 tpd). The candidates that were developed for the options study consider only the total storage 
of the life of mine waste materials and at the maximum throughput, as the layouts and footprints remain the 
same given the nearly identical tonnages of the life of mine for tailings, PAG and NAG3 waste rock.  

3.0 MINE WASTE MANAGEMENT CANDIDATE ALTERNATIVES 

The 2015 study developed 23 candidate alternatives. Preliminary screening criteria to filter candidates prior 
to conducting the high-level risk assessment include the following: 

 Will the candidate result in deposition of tailings into a fish-bearing lake? 
 Will the candidate be located in the Blackwater River watershed? 
 Will the candidate be located in an area of Ungulate Winter Range? 
 Will the candidate encroach on provincially or federally designated lands and/or private lands? 
 Will the candidate have insufficient capacity to store waste produced during the mine life? 
 Will the candidate render collection and treatment of surface discharges impractical or improbable? 

Following the application of these six pre-screening criteria, the following 13 candidates were selected to 
be carried-forward to the high-level risk assessment (Table 3.1): 

Table 3.1 Selected Candidates for High-Level Risk Assessment 

Candidate # 
Tailings 

Technology 
Catchment Area 

PAG/NAG3 
Disposal

Catchment Area 
Disposal 
Method

1 Slurry Davidson Ck Submerged Davidson Ck Together 
4 Slurry Creek 661 Submerged Creek 661 Together 
5 Filtered Davidson Ck On-Land Davidson Ck Together 
6 Filtered Davidson Ck Submerged Davidson Ck Separate 
7 Filtered Davidson Ck Submerged Davidson Ck Separate 

10 Paste Davidson Ck Submerged Davidson Ck Together 
12 Filtered Upper Chedakuz Ck Submerged Davidson Ck Separate 
13 Slurry Turtle Ck Submerged Davidson Ck Separate 
14 Filtered Turtle Ck Submerged Davidson Ck Separate 
15 Slurry Lower Chedakuz Ck Submerged Davidson Ck Separate 
16 Filtered Lower Chedakuz Ck Submerged Davidson Ck Separate 
22 Slurry Davidson Ck On-Land Davidson Ck Separate 
23 Filtered Davidson Ck On-Land Davidson Ck Separate 

Given that all footprint layouts for each of the candidates remain the same, the rational for eliminating 
candidates through this pre-screening step remain the same with the PFS life of mine plan. 

4.0 HIGH-LEVEL RISK ASSESSMENT (HLRA) 

The risk rankings for the 13 candidates selected for the HLRA were evaluated for safety, environmental 
and technical risks. Following scoring of each risk, the assessment scores to provide rational for selecting 
candidates for the Multiple Accounts Analysis (MAA) are as follows (Table 4.1): 
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Table 4.1 High-Level Risk Assessment Scores 

Candidate # 
Risk Score 

Total Score 
Safety Environment Technical 

1 5 4 4 13 
4 5 6 8 19 
5 8 6 16 30 
6 10 6 12 28 
7 10 4 12 26 

10 10 4 8 22 
12 10 9 12 31 
13 10 9 4 23 
14 10 9 12 31 
15 10 12 4 26 
16 10 12 12 34 
22 8 6 12 26 
23 5 9 4 18 

Given that all footprint layouts for each of the candidates remain the same, the rational for scoring the 
candidates through this HLRA step remain the same with the PFS life of mine plan. 

The outcome of the HLRA, along with consultation with the regulatory agencies, resulted in the selection of 
four candidates for development to be considered in the MAA. These four candidates included a thickened-
slurry option (Candidate 1), a paste option (Candidate 10) and two filtered options (Candidates 7 and 22). 
The rationale for selection of these candidates to advance to the MAA remains valid considering the 2020 
PFS life of mine plan, given the final layouts remain the same. 

5.0 TECHNICAL INPUT TO THE MULTIPLE ACCOUNTS ANALYSIS 

5.1 GENERAL 

A summary of the technical information related to each candidate passing the HLRA is provided in the 
following sections. The information includes a general description of the mine development concept, 
indicators of physical stability, and technical aspects including containment design, construction 
requirements, water management, operational execution, and closure. 

The following physical stability and technical design indicators were used to develop the MAA rankings: 

 Physical Stability: 
o Location of water storage 
o Tailings and waste rock interstitial water 
o Normal operating pond volume 
o Emergency water management – pumps (active) 
o Emergency water management – spillway (passive) 
o Design basis / regulatory requirements 
o Tailings density 
o Maximum dam height 
o Operational monitoring requirements – safety 
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 Containment Design: 
o Style of containment 
o Number of dams 
o Construction volumes 
o Tailings initial settled density 
o Drainage provisions 
o Seepage management - physical 
o Seepage management - quality 

 Construction Requirements: 
o Foundation preparation for tailings storage area (excluding dams) 
o Tailings infrastructure 
o Foundation preparation for PAG/NAG3 waste rock facility 
o Initial dam construction 
o Sustaining dam construction (excluding waste delivery) 

 Water Management: 
o Catchment area 
o Flood routing 
o Water balance condition (surplus / deficit / balance) 
o Water recycle requirement 
o Water treatment 
o Surplus water management 
o Operational monitoring requirements – internal site water management 

 Execution: 
o Technology precedent - tailings processing 
o Technology precedent - storage 
o Tailings delivery complexity 
o Tailings placement complexity 
o PAG/NAG3 waste rock delivery and placement 
o Operational flexibility 

 Closure: 
o Closure concept – physical 
o Closure concept – geochemical 
o Closure concept – active closure period 
o Closure concept – long-term maintenance and monitoring 
o Concurrent closure and reclamation 
o Premature closure 

5.2 CANDIDATE 1 

5.2.1 DESCRIPTION OF MINE DEVELOPMENT CONCEPT 

Candidate 1 is a thickened-slurry tailings alternative located in the upper reaches of the Davidson Creek 
catchment. The TSF will permanently store tailings and PAG/NAG3 waste rock in a saturated condition in 
one impoundment. The impoundment will be created in a staged manner consisting of two nested TSF 
sites. The facility was designed to permanently store tailings, PAG/NAG3 waste rock, operational 
supernatant pond allowance, and capacity to contain the IDF with additional freeboard for wave run-up. 
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The upper facility (Site C) will be constructed first to contain the initial years of tailings and waste rock. A 
second dam will be constructed downstream to expand the impoundment into the lower facility (Site D) after 
Year 5, along with a small west dam. The impoundment will form a valley fill type arrangement and will be 
constrained by natural topography to the south and west. 

The dams will be expanded annually using NAG waste materials from the open pit in advance of storage 
requirements. Initial construction of the TSF dams will be completed in several stages. Preparation of the 
tailings storage basin and PAG waste rock disposal area will require clearing, grubbing, and stripping of 
any topsoil identified for reclamation purposes. 

The TSF Site C Main Dam and Saddle Dam will be constructed to elevation 1,345 m, the Site C West Dam 
will be constructed to elevation 1,353 m, and the TSF Site D Main Dam will be constructed to elevation 
1,340 m. Construction of the dams will require a total of 83 Mm3, sourced from pit stripping and external 
borrow sources. The earth-rockfill dams will be comprised of a core zone, filter zone, transition zone and 
shell zone. Filter and transition material will be sourced from a nearby aggregate borrow. The majority of 
the core zone and shell zone material will come from the open pit. The maximum height of the Site D Main 
Dam will be approximately 140 m. 

Process water will be stored on site within the TSF to maintain the saturated condition of the mine waste 
materials and will be split between two ponds; one within each disposal area. The normal operating pond 
allowance for Site C will range from 2 to 10 Mm3. The Site D operating pond will be maintained at a nominal 
volume by pumping excess to the Site C pond so as to maintain the saturation criteria for the mine waste 
materials. Tailings slurry will be conveyed by gravity in a pipeline to the TSF and the pipeline route will 
remain within the TSF catchment at all times. 

The Candidate 1 ultimate arrangement is shown on Figure 5.1.  
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Figure 5.1 Candidate 1 Ultimate Arrangement 

The Canadian Dam Association Dam Safety Guidelines (CDA, 2019) and the Part 10 Guidance Document 
for the Health, Safety and Reclamation Code for Mines in British Columbia (the Code) were used to 
determine the dam hazard classification and suggested minimum target levels for some design criteria, 
such as the inflow design flood (IDF) and earthquake design ground motion (EDGM) for the tailings dams. 
The tailings dams were classified by considering the potential for incremental consequences of a failure.  

The following minimum target design flood and earthquake levels were adopted from the CDA guidelines 
for a ‘VERY HIGH’ dam hazard classification for the construction and operational phases: 

 IDF – 2/3 between 1 in 1,000-year return period flood and the Probable Maximum Flood (PMF) 
 EDGM – 1/2 between 1 in 2,475-year return period and the 1 in 10,000-year return period or Maximum 

Credible Earthquake (MCE) 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 
designed for the PMF and Maximum Credible Earthquake (MCE) in the closure phase. The following design 
flood and earthquake levels were adopted for the closure phase: 
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 IDF – PMF 
 EDGM – MCE (or 1 in 10,000-year return period) 

Tailings will be thickened to approximately 50% solids at the process plant and delivered by gravity through 
a pipeline to either the TSF Site C or Site D. The tailings distribution system includes a fully installed standby 
pipeline for operational flexibility. Tailings spigots will be located regularly along the dam crests for subaerial 
discharge of the tailings slurry. The segregation of coarser material will facilitate development of extensive 
tailings beaches providing separation of the containment dams from the supernatant pond. Beach slopes 
will develop at an approximate grade of 1% away from the discharge point. The slurry will segregate upon 
deposition with the coarsest sand particles settling near the discharge spigots and finer sands settling 
farther down the slope. Finer silt and clay sized tailings particles will be carried out into the supernatant 
pond in suspension and will settled over a longer period of time. 

The PAG and NAG3 waste rock disposal area will be developed at the same or similar rate of rise as the 
tailings in the TSF, with the final tailings level several meters higher to provide complete submergence of 
PAG and NAG3 waste rock. The tailings beach will provide a low permeability transition between the 
coarse, permeable waste rock in the centre of the TSF and the tailings embankments. The extensive tailings 
beaches will provide seepage control and are an indicator of dam safety. 

Seepage will be primarily controlled by the low-permeability core zone and cut-off trenches constructed 
prior to the development of tailings beaches. Seepage passing through the main embankment will be 
collected in embankment drains and conveyed to a seepage collection pond downstream of the main dam. 
Seepage will be recycled back to the TSF. Unrecoverable seepage passing the collection and recycle 
system has the potential to affect one watershed; Davidson Creek. 

5.2.2 WATER MANAGEMENT 

The catchment area without modification is 45 km2 (4,500 ha), sufficient to maintain a water balance under 
average conditions until late in mine life. A surplus condition is predicted to develop beginning in Year 17 
due to increasing runoff from the expanding disturbed areas of the mine facilities, and also from the 
decreases in waste rock production and corresponding decreases of water storage in waste rock voids for 
mine rock stored within TSF Site D. This surplus water will be used to accelerate open pit filling and limit 
the onset of acid rock drainage conditions in the pit walls. It was also identified as a surplus condition that 
was easily manageable with additional fresh water diversions. 

Runoff and infiltration from the LGO stockpile will be captured and treated at the mill before being conveyed 
for storage in the TSF.  

The TSF operational pond capacity is sufficient to manage a reasonable range of surplus or deficit water 
conditions. Water levels and pond bathymetry will be monitored to confirm that the water balance 
assumptions are accurate and that an operational surface water discharge from the TSF will not occur until 
closure. As a contingency, staged non-contact surface water diversions can be created to divert runoff away 
from the TSF. 

The reclaim water system will initially utilize a barge-mounted pump station sized to deliver 900 to 
3,200 m3/hr of reclaim water (28 Mm3 per year). The reclaim barge will be anchored in TSF Site C through 
operations. The reclaim water system in TSF Site C will be twinned in Year 5 and a third parallel system 
will be installed in Year 10. A separate reclaim system will be installed for TSF Site D once that facility 
comes online. A combination of water reclaim from the TSFs, and water from open pit dewatering and 
freshwater make-up sources will support the milling process each year. 
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A closure spillway will be constructed from Site C and Site D to passively control the maximum pond 
elevation in each respective TSF and will discharge to Davidson Creek in post-closure. 

5.2.3 TECHNICAL EXECUTION 

There are countless examples of the mining projects utilizing slurry tailings with ore processing throughputs 
higher than 55,000 TPD. The proposed tailings technology is considered proven and not subject to any 
major implementation challenges. Slurry tailings have a proven history of application in similar climate 
conditions as the project site. The tailings distribution and discharge strategy is unlikely to be affected in a 
significant way by any weather conditions. Extreme wet conditions can impact available storage capacity; 
however, this consideration was addressed in the design of the alternative. The technology is the most 
flexible from an operational standpoint. A fully installed backup distribution system and emergency 
discharge system were included in the design. Tailings discharge will not be the limiting factor for 
operational reliability. 

5.2.4 CLOSURE 

Upon mine closure, surface facilities will be removed in stages and full reclamation of the TSF will be 
initiated. The closure plan is compatible with a premature closure event. General aspects of the closure 
plan include: 

 Selective discharge of tailings around the facility during the final years of operations to establish and 
flatten the final tailings beach to facilitate surface water management and reclamation. 

 Placing an oxide tailings cover up to 3 m thick on Site C beaches such that transition and sulphide 
tailings remain saturated over a wide range of precipitation conditions. 

 Placing an oxide tailings/overburden cover up to 5 m thick on the Site D beach such that transition and 
sulphide tailings remain saturated over a wide range of precipitation conditions. 

 Covering the exposed tailings beaches and PAG waste rock with approximately 30 cm of overburden. 
 Establishing wetlands and revegetating the upland beaches. 
 Pumping the tailings pond supernatant to the pit for about 18 years to expedite the development of the 

pit lake and flooding of the majority of PAG rock in the ultimate pit walls. 
 Treatment system infrastructure to treat and release contact water. 
 Dismantling and removing the tailings and reclaim delivery systems and all pipeline structures, and 

equipment not required beyond mine closure. 
 Constructing spillways and overflow channels. 
 Removing the seepage collection pumpback systems at such time that suitable water quality for direct 

release is achieved. 
 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond mine 

closure. 
 Long-term stabilization of all exposed erodible materials. 

The remaining waste rock dump areas not progressively reclaimed will be reclaimed with overburden and 
re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of 
as required in the open pit or TSF. The pit will be allowed to flood, and upon filling, the pit lake water will be 
treated, if required, and discharge to Davidson Creek.  

Engineering reviews and inspections of the TSF will extend approximately 20 years into the closure period 
or until the TSF reaches a steady-state condition, with less frequent reviews and inspections thereafter. 
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5.3 CANDIDATE 7 

5.3.1 DESCRIPTION OF MINE DEVELOPMENT CONCEPT 

Candidate 7 is a filtered tailings alternative located in the upper reaches of the Davidson Creek catchment. 
The filtered tailings will be stacked in a waste pile on land in a heaped valley fill arrangement in a partially-
saturated condition. A PAG/NAG3 waste rock submergence impoundment will be positioned downstream 
of the filtered tailings waste pile. The submergence impoundment was designed to permanently store 
PAG/NAG3 waste rock in a saturated condition and contain the process water pond with additional capacity 
to contain the IDF and freeboard for wave run-up. This impoundment will manage storm water from the 
filtered tailings waste pile. The impoundment will be created by constructing a two-sided dam that is 
progressively expanded over the life of the mine. The impoundment will form a valley fill type arrangement 
and will be constrained by natural topography to the south and west. Waste rock stored in the impoundment 
will eventually buttress the toe of the filtered tailings waste pile. 

The dam will be expanded approximately every five years using NAG waste materials from the open pit in 
advance of storage requirements. Preparation of the tailings storage area will require clearing, grubbing, 
stripping of topsoil, removal of unsuitable foundation soils, and installation of a complex network of 
foundation drains. Initial construction of the impoundment dam will be completed in two stages. Preparation 
of the waste rock disposal basin will require clearing, grubbing, and stripping of any topsoil identified for 
reclamation purposes. 

The Candidate 7 ultimate arrangement is shown on Figure 5.2.  
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Figure 5.2 Candidate 7 Ultimate Arrangement 

The centre of the tailings waste pile site is located 3.5 km from the deposit. Tailings will be pumped in a 
pipeline from the mill building to the filter plant approximately 1 km away as thickened slurry with a 
gravimetric solids content of 50%. Tailings will be filtered and then transported by conveyer to a truck load 
out building. Haul trucks will transport the filtered tailings to the stacking location where dozers will be used 
for placement and grading. A conveyor will be considered for placement in later years once a large working 
surface has been developed. Two areas of the tailings pile will be developed: 

 A general area where tailings will be placed in 10 m thick platforms with surface grading and compaction 
to reduce infiltration and maintain trafficability. 

 A structural area with thinner lift thicknesses and compaction to maintain stability of the stack. 

The filtered tailings waste pile will be constructed to elevation 1,395 m with a maximum height of 
approximately 145 m. The working surface of the pile at ultimate extents will be approximately  
550 ha, and the rate of rise of the waste pile will be roughly 9 m per year. The filtered tailings waste pile 
rises approximately 40 m higher than the TSF Site C facility contemplated in Candidate 1 in the same 
location. This change will alter the seepage and surface water flow regime such that some of the runoff and 
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seepage may now report to the west of the filtered tailings pile. Two seepage collection ponds will be 
required on the west side of the filtered tailings pile. The waste pile slopes will be reclaimed concurrent with 
development; however, the working surface of the pile is a large area and will require reclamation at closure. 

An assessment of the stability rating for the filtered tailings waste pile was carried out using the waste dump 
and stockpile stability rating system as described in the interim guidelines provided by the B.C. Mine Waste 
Rock Pile Research Committee (BCMWRPRC, 1991). The waste pile was classified as Class III, Moderate 
Hazard. The specific key factors affecting stability, rated condition, and point ratings for classification of the 
waste pile are shown in Table 5.1. 

Table 5.1 Filtered Tailings Waste Pile Stability Rating 

Key Factors Affecting Stability Condition Point Rating 

Dump Height 100 - 200 m 100 
Dump Volume Large 100 
Dump Slope Flat 0 
Foundation Slope Flat 0 
Degree of Confinement Moderate 50 
Foundation Type Competent 0 
Dump Material Quality Poor 200 
Method of Construction Favourable 0 
Piezometric & Climatic Conditions Unfavourable 200 
Dumping Rate Moderate 100 
Seismicity Moderate 50 

Dump Stability Rating 800 

  Class Failure Hazard 

Dump Stability Class III Moderate 

The submergence impoundment dam will be constructed to elevation 1,310 m. Construction of the dam will 
require a total of 30 Mm3. The construction material will be sourced from local borrow areas and from pre-
stripping activities in the pit area. The earth-rockfill dams will be comprised of a core zone, filter zone, 
transition zone, and shell zone. Filter and transition material will be sourced from a nearby aggregate 
borrow. The majority of the core zone and shell zone material will come from the open pit. The maximum 
height of the dam will be approximately 110 m. 

The dam safety hazard classification for the PAG/NAG3 waste rock submergence impoundment is VERY 
HIGH based a technical bulletin released by the Canadian Dam Association in 2019 (CDA, 2019), entitled 
Application of Dam Safety Guidelines to Mining Dams. The CDA guidelines were used to determine the 
Inflow Design Flood (IDF) and Earthquake Design Ground Motion (EDGM) for the containment dams. The 
following suggested design levels were adopted from the CDA guidelines for Candidate 7 during the 
operational phase: 

 IDF – 2/3 between 1 in 1,000-year return period flood and the Probable Maximum Flood (PMF) 
 EDGM – 1/2 between 1 in 2,475-year return period and the 1 in 10,000-year return period or Maximum 

Credible Earthquake (MCE) 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 
designed for the PMF and Maximum Credible Earthquake (MCE) in the closure phase. The following design 
flood and earthquake levels were adopted for the closure phase: 
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 IDF – PMF 
 EDGM – MCE (or 1 in 10,000-year return period) 

Process water will be stored on site within the submergence impoundment to maintain the saturated 
condition of the mine waste rock. The normal operating pond allowance will be 10 Mm3. Process water will 
be retained by the dam, while maintaining minimum freeboard requirements, and reclaimed for use in the 
mill. The impoundment will include an ‘upset’ conditions slurry tailings storage area in the submergence 
facility for times when the filter plant cannot achieve the required tailings moisture content for placement in 
the waste pile. 

Seepage from the submergence impoundment will be primarily controlled by the low-permeability core zone 
and cut-off trenches constructed in the containment dam. Seepage passing through the core zone will be 
collected in embankment drains and conveyed to a seepage collection pond downstream of the main dam. 
Higher relative seepage rates are expected from the impoundment compared to Candidate 1 because this 
option lacks a tailings beach, which reduces seepage flows. Seepage will be recycled back to the TSF. 
Unrecoverable seepage rates to Davidson Creek are not expected to increase substantially and the 
seepage collection infrastructure in Davidson Creek is robust enough to manage the change. 

Unrecoverable seepage by-passing the collection and recycle systems for the filter tailings waste pile and 
PAG/NAG3 submergence impoundment has the potential to affect two watersheds; Davidson Creek and 
Creek 705. 

5.3.2 WATER MANAGEMENT 

The catchment area is 30 km2 (3,000 ha) with diversion of undisturbed catchment areas upslope of the 
mine facilities. The water balance was predicted to be in a surplus condition throughout operations with a 
surplus of 3 Mm3 to 6 Mm3 per year. The surplus increases throughout operations due to runoff from the 
expanding disturbed areas of the mine facilities, and also from the decreases in waste rock production and 
corresponding decreases of water storage in waste rock voids for mine rock stored within the submergence 
impoundment.  

Fresh water diversions have been included to the maximum practical extent in the design. The TSF 
operational pond capacity is sufficient to manage a reasonable range of surplus water conditions on an 
annual basis. The surplus will require a treated operational discharge to Davidson Creek throughout 
operations. The surplus site water will be used to accelerate open pit filling in closure and limit the onset of 
acid rock drainage conditions in the pit walls. 

Runoff and infiltration from the LGO stockpile will be captured and treated at the mill before being conveyed 
for storage in the process water pond. Alternatively, these treated flows could be diverted to Davidson 
Creek if they meet discharge water quality guidelines. 

Surplus water management will require on-going monitoring, calibration of model predictions, and active 
management of water treatment to meet design objectives. Water levels and pond bathymetry will be 
monitored to confirm that the water balance assumptions are accurate and that permitted operational 
surface water discharge allowances meet requirements to manage the water balance on an inter-annual 
basis. 

The reclaim water system will utilize a small barge-mounted pump station sized to deliver 700 m3/hr of 
reclaim water (6 Mm3 per year). The reclaim barge will be anchored in the waste rock submergence 
impoundment. A volume of less than 2 Mm3 of water reclaim was predicted to be required each year from 
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the process water pond for the first ten years of operations, and will be combined with water from tailings 
dewatering, open pit dewatering and fresh water supply to support the milling process. Water in the 
submergence impoundment after Year 10 may not be required for processing and will be used only to 
maintain the saturated condition of the PAG/NAG3 waste rock. 

A closure spillway will be constructed from the submergence impoundment to Davidson Creek in the final 
year of operations. 

5.3.3 TECHNICAL EXECUTION 

There are only a few examples of mining projects utilizing filtered tailings with a throughput greater than 
10,000 TPD. La Coipa Mine in the Atacama Desert in northern Chile is one of the longest operating projects. 
The throughput of La Coipa is less than 20,000 TPD (sources report a range from 15,000 to 18,000 TPD). 
It is a high seismic region with very little precipitation, high evaporation rates, and freezing conditions 
throughout the year. Filtered tailings are placed by conveyor and radial stacker. It includes an upset area 
where over moisture tailings are deposited as slurry at the top of a slope and allowed to settle naturally. 
The largest operating project utilizing filtered tailings is the Karara Mine in Western Australia at 
approximately 40,000 TPD. Two tailings streams are produced: coarse tailings, dewatered by screen 
filtration, and fine tailings, dewatered by plate press. Tailings are placed by conveyor and stacker with a 
nominal lift thickness of 25 m. The site is essentially a desert and has an order of magnitude higher 
evaporation than precipitation. 

The most reasonable example of a mining project utilizing filtered tailings in climate conditions similar to 
the project is Greens Creek located 30 km southwest of Juneau, Alaska. The throughput at Greens Creek 
is 1,500 TPD; however, only approximately 50% of the tailings are filtered and the remainder used as paste 
backfill for underground workings. 

A filter plant capable of dewatering tailings at the maximum rate of 55,000 TPD will require a building roughly 
100 m by 30 m (approximately half the size of a football field). Issues with tailings filtration plant will be 
expected at times due to changes in ore type, grind size, and also for unforeseen maintenance of critical 
components. An area will be designated in the submergence impoundment for emergency discharge where 
slurry tailings will be sent when the filter plant is not operational. Also, a general placement area within the 
filtered tailings waste pile will be required ‘upset’ conditions when the filter plant produces tailings with less 
than optimal moisture content. 

Filtered tailings material may have to be stockpiled and allowed to dry during adverse weather conditions 
or unforeseen truck maintenance in order to maintain production. Coordination and planning for weather 
conditions will be essential for development of a filtered tailings stack at this production rate (55,000 TPD) 
and in the weather conditions common in central British Columbia. A covered live stockpile may be required 
in addition to the truck load out facility. A live stockpile with a one week capacity will be approximately  
100 m in diameter and 25 m in height. Movement of any stockpiled material will subsequently impact the 
availability of trucks to manage normal tailings production. 

Transport of tailings by truck using CAT 777 haul trucks will require approximately 40 trips per hour,  
24 hours a day for 365 days a year. The operation will require a loading arrangement that can reliably load 
trucks at a nominal rate of 1.5 minutes per truck. Any down time has the potential to impact mill operations. 
This will require an active truck fleet of 10 trucks for a haul with a round trip time of 15 minutes. The total 
truck fleet will have to be somewhat larger to manage temporary stockpiled material, for longer haul times, 
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and for appropriate backup equipment during periodic and unforeseen maintenance needs. Trucks may 
need to be equipped with heated beds to prevent moist soil from freezing to the metal in the winter.  

Filtration of tailings at a rate of 55,000 TPD will exceed anything within existing precedent; however, the 
increase in scale of filtration alone is not insurmountable. The scale at which filtered tailings has been 
applied in similar site conditions is more concerning. Rainfall has the potential to reduce trafficability of the 
surface, making placement in areas difficult or impossible in certain cases. Winter conditions will pose a 
challenge for placement of the filtered tailings. Precipitation falls predominantly as snow throughout five 
months of the year. Accumulated snow will need to be removed prior to placement of subsequent tailings 
material. There is potential for entrainment of snow in the waste pile that could impact the stability of the 
pile in the short and long-term. 

Placement of filtered tailings with a conveyor system might be simpler from a bulk material handling 
standpoint; however, a great deal of maneuvering will be required, especially in the initial lifts. There may 
be an opportunity to move from trucking to a conveyor system in the later years of operation. 

5.3.4 CLOSURE 

Upon mine closure, surface facilities will be removed in stages and full reclamation will be initiated. The 
closure plan is compatible with a premature closure event although it may require substantial earthworks 
to construct engineered covers. General aspects of the closure plan include: 

 Covering PAG waste rock with approximately 1 m of overburden. 
 Covering the filtered tailings waste pile with 2 m of overburden. 
 Placement of an overburden wedge up to 5 m thick around the facility to separate the position of final 

pond from the impoundment dam crest.  
 Constructing spillways and overflow channels. 
 Establishing wetlands in the submergence impoundment and revegetating slopes. 
 Pumping the tailings pond supernatant to the pit for about 29 years to develop the pit lake and flood 

the majority of PAG rock in the ultimate pit walls. 
 Treatment system infrastructure to treat and release contact water. 
 Dismantling and removing reclaim delivery systems and all pipeline structures, and equipment not 

required beyond mine closure. 
 Pumping seepage collection ponds located to the west of the filtered tailings waste pile to the 

submergence impoundment for approximately 30 years or until such time that suitable water quality is 
achieved. 

 Removing the Davidson Creek seepage collection pumpback systems at such time that suitable water 
quality for direct release is achieved. 

 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond mine 
closure. 

 Long-term stabilization of all exposed erodible materials. 

The remaining waste rock dump areas not progressively reclaimed will be reclaimed with overburden and 
re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of 
as required in the open pit. The pit will be allowed to flood, and upon filling, the pit lake will discharge via a 
constructed channel to the submergence impoundment and hence via a closure spillway to Davidson 
Creek.  
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Engineering reviews and inspections of the TSF will extend approximately 30 years into the closure period 
or until the TSF reaches a steady-state condition, with less frequent reviews and inspections thereafter. 
Longer term monitoring and maintenance may be required following the closure period to confirm that: 

 PAG/NAG3 waste rock remains saturated and that outflows through seepage match inflows to the 
voids. 

 The filtered tailings waste pile remains partially saturated, limiting air entry into the void space and 
retarding acid generation. 

5.4 CANDIDATE 10 

5.4.1 DESCRIPTION OF MINE DEVELOPMENT CONCEPT 

Candidate 10 is an ultra-thickened (paste) tailings alternative located in the upper reaches of the Davidson 
Creek catchment. The TSF will permanently store tailings and PAG/NAG3 waste rock in a saturated 
condition in one impoundment. The facility was designed to contain tailings, PAG/NAG3 waste rock, the 
operational supernatant pond allowance, and capacity to contain the IDF with additional freeboard for wave 
run-up. The impoundment will be created by constructing three dams in the area previously described as 
Site D. The main dam will be a large two-sided dam across Davidson Creek. Two smaller dams will be 
required on the west side of the impoundment and in a small saddle on the southeast side of the facility to 
maintain containment. 

Paste tailings will be pumped in a pipeline to a central point in the TSF. Paste tailings will be discharged 
from a central point and will settle at angle of repose sloping towards the containment dams. Water will be 
collected at the toe of the slope adjacent to the containment dams. The pipeline route will remain within the 
TSF catchment at all times. The dams will be expanded every two years using NAG waste materials from 
the open pit in advance of storage requirements.  

The Candidate 10 ultimate arrangement is shown on Figure 5.3.  
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Figure 5.3 Candidate 10 Ultimate Arrangement 

Initial construction of the TSF dams will be completed in several stages. Preparation of the tailings storage 
basin and PAG waste rock disposal area will require clearing, grubbing, and stripping of any topsoil 
identified for reclamation purposes. 

The TSF dams will be constructed to elevation 1,330 m and the central discharge embankment will be 
raised to a final elevation of 1,355 m. Construction of the dams will require a total of 70 Mm3, sourced from 
pit stripping and external borrow sources. The earth-rockfill dams will be comprised of a shell zone, 
transition and filter zones, and a low-permeability face. Filter and transition material will be sourced from a 
nearby aggregate borrow. The remainder of the material will come from the open pit. The maximum height 
of the main dam will be 130 m. 

Process water will be stored on site in the TSF to maintain the saturated condition of the mine waste 
materials. The normal operating pond allowance will be 6 Mm3. Process water will be retained by the dam, 
while maintaining minimum freeboard requirements, and reclaimed for use in the mill. 
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Alternatively, water could be decanted from the surface of the TSF and stored in a separate reclaim pond 
below the TSF. This will require construction of another large water retaining dam in an area downstream 
where there is increased risk of unrecoverable seepage due to the presence of naturally occurring higher 
permeability meltwater channels. Removal of water from the TSF will also negatively impact the reliability 
of initially flooding and subsequently maintaining PAG materials in a saturated condition. This alternative 
arrangement relates to the comparison of best practices for this particular technology and will be evaluated 
further if the multiple accounts analysis indicates that Candidate 10 is the preferred option.  

The dam safety hazard classification for the tailings facility is VERY HIGH based a technical bulletin 
released by the Canadian Dam Association in 2019 (CDA, 2019), entitled Application of Dam Safety 
Guidelines to Mining Dams. The CDA guidelines were used to determine the Inflow Design Flood (IDF) and 
Earthquake Design Ground Motion (EDGM) for the tailings dams. The following suggested design levels 
were adopted from the CDA guidelines for Candidate 10 during the operational phase: 

 IDF – 2/3 between 1 in 1,000-year return period flood and the Probable Maximum Flood (PMF) 
 EDGM – 1/2 between 1 in 2,475-year return period and 1 in 10,000-year return period or Maximum 

Credible Earthquake (MCE) 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 
designed for the PMF and Maximum Credible Earthquake (MCE) in the closure phase. The following design 
flood and earthquake levels were adopted for the closure phase: 

 IDF – PMF 
 EDGM – MCE (1 in 10,000-year return period) 

Tailings will be thickened above 65% solids at the process plant and delivered by a pipeline to the central 
discharge point in the TSF. The tailings distribution system will include a fully installed standby pipeline for 
operational flexibility. The paste will not segregate upon deposition and very little bleed water from the 
tailings discharge is expected. Tailings will settle at an approximate grade of 1.5% away from the discharge 
point. A central discharge point will be the most practical and appropriate method given the long 
containment dam length. The discharge location could be along the dam crest if the tailings were not 
thickened to paste, and that is what the thickened-slurry option (Candidate 1) represents. 

The PAG and NAG3 waste rock disposal area will be developed at the same or similar rate of rise as the 
tailings in the TSF. Waste rock will be used to manage the location of paste deposition during most of 
operations; however, the final tailings level will be several meters higher to cover the PAG/NAG3 waste 
rock. 

Seepage will be primarily controlled by the low-permeability core zone and cut-off trenches constructed 
prior to the development of tailings beaches. Seepage passing through the main embankment will be 
collected in embankment drains and conveyed to a seepage collection pond downstream of the main 
embankment. Seepage will be recycled back to the TSF. Higher relative seepage rates are expected from 
the impoundment compared to Candidate 1 because this option lacks a tailings beach in front of the dam, 
which reduces seepage flows. Seepage rates are expected to be less than those expected for  
Candidate 7. Unrecoverable seepage passing the collection and recycle system has the potential to affect 
one watershed; Davidson Creek. 
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5.4.2 WATER MANAGEMENT 

The catchment area without modification is 43 km2 (4,300 ha). The water balance was predicted to be in a 
surplus condition throughout operations with a surplus of 2 Mm3 to 6 Mm3 per year. The surplus increases 
throughout operations due to runoff from the expanding disturbed areas of the mine facilities, and also from 
the decreases in waste rock production and corresponding decreases of water storage in waste rock voids 
for mine rock stored within the TSF. 

The surplus water will be managed with a combination of fresh water diversions and a treated operational 
discharge to Davidson Creek later in operations. The TSF operational pond capacity is sufficient to manage 
a reasonable range of surplus water conditions on an annual basis. The surplus site water will be used to 
accelerate open pit filling in closure and limit the onset of acid rock drainage conditions in the pit walls. 
Fresh water diversions could remove approximately 3 Mm3 per year from the water surplus under average 
conditions. 

Runoff and infiltration from the LGO stockpile will be captured and treated at the mill before being conveyed 
for storage in the process water pond. Alternatively, these treated flows could be diverted to Davidson 
Creek if they meet discharge water quality guidelines. 

Surplus water management will require on-going monitoring, calibration of model predictions, and active 
management of water treatment to meet design objectives. Water levels and pond bathymetry will be 
monitored to confirm that the water balance assumptions are accurate and that permitted operational 
surface water discharge allowances meet requirements to manage the water balance on an inter-annual 
basis. 

The reclaim water system will utilize a barge-mounted pump station sized to deliver 1,600 m3/hr of reclaim 
water (14 Mm3 per year). The reclaim barge will be anchored in the TSF. A volume of less than 10 Mm3 of 
water reclaim was predicted to be required each year from the process water pond, and will be combined 
with water from tailings dewatering, open pit dewatering and fresh water supply to support the milling 
process. 

A closure spillway will be constructed from the TSF to Davidson Creek in the final year of operations. 

5.4.3 TECHNICAL EXECUTION 

The tailings processing for Candidate 1 included a thickening step to 60% solids during the cyanide 
destruction process followed by re-pulping to 50% solids content for tailings discharge. Candidate 10 
contemplates an alternative tailings dewatering strategy where tailings will be dewatered further (instead of 
being re-pulped) and discharged as a non-segregating paste in the TSF. A paste surface disposal facility 
at this throughput is not beyond Canadian precedent, although it is not common in British Columbia or 
Canada. 

Tailings will be thickened above approximately 65% solids and pumped with positive displacement pumps 
to a discharge berm constructed in the centre of the TSF. The discharge strategy relies on pumping and 
execution depends on the reliability of the pumping systems. An area will be designated in the TSF for 
emergency discharge where slurry tailings will be sent when the paste plant or pumps are not operational. 
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5.4.4 CLOSURE 

Upon mine closure, surface facilities will be removed in stages and full reclamation of the TSF will be 
initiated. The closure plan is compatible with a premature closure event. General aspects of the closure 
plan include: 

 Selective discharge of thickened (not paste) tailings from dam crests around the facility during the final 
years of operations to fill in low spots and facilitate surface water management and reclamation. 

 Placing an oxide tailings cover up to 3 m thick on tailings surfaces such that transition and sulphide 
tailings remain saturated over a wide range of precipitation conditions. 

 Covering the exposed tailings beaches with approximately 30 cm of overburden. 
 Establishing wetlands and revegetating the upland beaches. 
 Pumping the tailings pond supernatant to the pit for about 19 years to expedite the development of the 

pit lake and flooding of the majority of PAG rock in the ultimate pit walls. 
 Treatment system infrastructure to treat and release contact water. 
 Dismantling and removing the tailings and reclaim delivery systems and all pipeline structures, and 

equipment not required beyond mine closure. 
 Constructing spillways and overflow channels. 
 Removing the seepage collection pumpback systems at such time that suitable water quality for direct 

release is achieved. 
 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond mine 

closure. 
 Long-term stabilization of all exposed erodible materials. 

The remaining waste rock dump areas not progressively reclaimed will be reclaimed with overburden and 
re-vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of 
as required in the open pit or TSF. The pit will be allowed to flood, and upon filling, the pit lake water will be 
treated, if required, and discharge to Davidson Creek.  

Engineering reviews and inspections of the TSF will extend approximately 20 years into the closure period 
or until the TSF reaches a steady-state condition, with less frequent reviews and inspections thereafter. 

5.5 CANDIDATE 22 

5.5.1 DESCRIPTION OF MINE DEVELOPMENT CONCEPT 

Candidate 22 is a filtered tailings alternative located at the top of the Davidson Creek catchment. The filtered 
tailings will be stacked in a waste pile on land in a heaped valley fill arrangement in a partially-saturated 
condition. The tailings waste pile is the same size and is located at the same site as Candidate 7. PAG and 
NAG3 waste rock will be stored in a separate engineered surface containment in a heaped arrangement. 
The PAG waste rock dump is constrained from expanding further to the east by the open pit and to the west 
by the ungulate winter range. A process water management pond will be located downstream of the mine 
waste pile and created by constructing a water retaining dam in a single stage with a maximum height of 
40 m across Davidson Creek, along with an operational emergency spillway. Process water will be stored 
in the pond and reclaimed for use in the mill. An ‘upset’ conditions slurry tailings storage area will be required 
in the pond for emergency conditions. 

The Candidate 22 ultimate arrangement is shown on Figure 5.4.  
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Figure 5.4 Candidate 22 Ultimate Arrangement 

The process water pond dam safety hazard classification is SIGNIFICANT based on a technical bulletin 
released by the Canadian Dam Association in 2019 (CDA, 2019), entitled Application of Dam Safety 
Guidelines to Mining Dams. The CDA guidelines were used to determine the Inflow Design Flood (IDF) and 
Earthquake Design Ground Motion (EDGM) for the process water pond dam. The following suggested 
design levels were adopted from the CDA guidelines for Candidate 22 during the operational phases of the 
project: 

 IDF – 1 in 200-year return period 
 EDGM – 1 in 1,000-year return period 

The following design flood and earthquake levels were adopted for the closure phase: 

 IDF – 1/3 between 1 in 1,000-year return period event and the Probable Maximum Flood (PMF) 
 EDGM – 1 in 2,475-year return period 



 
 

 

February 5, 2021 21 of 30 VA20-02748
 

Seepage from the process water pond will be primarily controlled by the low-permeability core zone and 
cut-off trenches constructed in the containment dam. Seepage passing through the core zone will be 
collected in embankment drains and conveyed to a seepage collection pond downstream of the main dam. 
Lower relative seepage rates are expected from the pond compared to other options because the pond is 
significantly smaller. Seepage will be recycled back to the pond or treated and discharged. 

The centre of the tailings waste pile site is located 3.5 km from the deposit. Tailings will be pumped in a 
pipeline from the mill building to the filter plant approximately 1 km away as thickened slurry with a 
gravimetric solids content of 50%. Tailings will be filtered and then transported by conveyer to a truck load 
out building. Haul trucks will transport the filtered tailings to the stacking location where dozers will be used 
for placement and grading. A conveyor will be considered for placement in later years once a large working 
surface has been developed. Two areas of the tailings pile will be developed: 

 A general area where tailings will be placed in 10 m thick platforms with surface grading and compaction 
to reduce infiltration and maintain trafficability. 

 A structural area with thinner lift thicknesses and compaction to maintain stability of the stack. 

Preparation of the tailings storage area will require clearing, grubbing, stripping of topsoil, removal of 
unsuitable foundation soils, and installation of a complex network of foundation drains. The filtered tailings 
waste pile will be constructed to elevation 1,395 m with a maximum height of approximately 145 m. The 
working surface of the pile at ultimate extents will be approximately 800 ha, and the rate of rise of the waste 
pile will be roughly 9 m per year. The filtered tailings waste pile rises approximately 50 m higher than the 
TSF Site C facility contemplated in Candidate 1 in the same location. This change will alter the seepage 
and surface water flow regime such that runoff and seepage may now report to the west of the filtered 
tailings pile. Two seepage collection ponds will be required on the west side of the filtered tailings pile. The 
waste pile slopes will be reclaimed concurrent with development; however, the working surface of the pile 
is a large area and will require reclamation at closure. 

An assessment of the stability rating for the filtered tailings waste pile was carried out using the waste dump 
and stockpile stability rating system as described in the interim guidelines provided by the B.C. Mine Waste 
Rock Pile Research Committee (BCMWRPRC, 1991). The waste pile was classified as Class III, Moderate 
Hazard. The specific key factors affecting stability, rated condition, and point ratings for classification of the 
waste pile were shown in Table 5.1 in Section 5.3.1. 

The PAG waste rock dump will have a maximum height of approximately 300 m. A NAG fill platform will be 
constructed at the base of the dump area to raise the topography and direct drainage to multiple seepage 
collection ponds constructed around the toe of the facility. The fill platform will have an engineered soil liner 
constructed on top of compacted overburden from the open pit. Seepage passing through the soil liner and 
fill platform will be collected in one of the seepage collection ponds and pumped to the water management 
pond via a water treatment plant and pipeline. 

Unrecoverable seepage by-passing the collection and recycle systems for the process water pond, filtered 
tailings waste pile and PAG/NAG3 submergence impoundment has the potential to affect two watersheds; 
Davidson Creek and Creek 705. Any unrecovered seepage will be acidic and has the potential to impact 
the groundwater system and the downstream drainage area. 

An assessment of the stability rating for the PAG waste rock dump was carried out using the waste dump 
and stockpile stability rating system as described in the interim guidelines provided by the B.C. Mine Waste 
Rock Pile Research Committee (BCMWRPRC, 1991). The waste pile was classified as Class III, Moderate 
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Hazard. The specific key factors affecting stability, rated condition, and point ratings for classification of the 
waste pile were shown in Table 5.2. 

Table 5.2 PAG Waste Rock Dump Stability Rating 

Key Factors Affecting Stability Condition Point Rating 

Dump Height > 200 m 200 
Dump Volume Large 100 
Dump Slope Flat 0 
Foundation Slope Moderate 50 
Degree of Confinement Moderate 50 
Foundation Type Intermediate 100 
Dump Material Quality Moderate 100 
Method of Construction Favourable 100 
Piezometric & Climatic Conditions Intermediate 100 
Dumping Rate Moderate 100 
Seismicity Moderate 50 

Dump Stability Rating   950 

  Class Failure Hazard 

Dump Stability Class III Moderate 

5.5.2 WATER MANAGEMENT 

The catchment area is 22.5 km2 (2,250 ha) with diversion of undisturbed catchment areas upslope of the 
mine facilities. The water balance was predicted to be in a surplus condition throughout operations with a 
surplus of 3 Mm3 to 6 Mm3 per year. The surplus increases throughout operations as runoff from disturbed 
areas increases. Fresh water diversions have been included to the maximum practical extent in the design. 
The TSF operational pond capacity is sufficient to manage a small range of surplus water conditions on an 
annual basis. The surplus will require a treated operational discharge to Davidson Creek throughout 
operations. 

Runoff and infiltration from the PAG/NAG3 waste rock dump will be captured in collection ponds and treated 
at the mill before being conveyed for storage in the process water pond. Alternatively, these treated flows 
could be diverted to Davidson Creek if they meet discharge water quality guidelines. 

Surplus water management will require on-going monitoring, calibration of model predictions, and active 
management of water treatment to meet design objectives and to confirm that permitted operational surface 
water discharge allowances meet requirements to manage the water balance on an inter-annual basis. 
There is limited excess storage to manage surplus water in the event that predictions do not match actual 
conditions or if there are issues with water treatment efficacy. 

The reclaim water system will utilize a small barge-mounted pump station sized to deliver 700 m3/hr of 
reclaim water (6 Mm3 per year). The reclaim barge will be anchored in the process water pond. A volume 
of less than 2 Mm3 of water reclaim was predicted to be required each year from the process water pond 
for the first ten years of operations, and will be combined with water from tailings dewatering, open pit 
dewatering and fresh water supply to support the milling process. Water in the process water pond after 
Year 10 may not be required for processing and will be used as a temporary holding pond for the water 
treatment plant. 
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5.5.3 TECHNICAL EXECUTION 

There are only a few examples of mining projects utilizing filtered tailings with a throughput greater than 
10,000 TPD. La Coipa Mine in the Atacama Desert in northern Chile is one of the longest operating projects. 
The throughput of La Coipa is less than 20,000 TPD (sources report a range from 15,000 to 18,000 TPD). 
It is a high seismic region with very little precipitation, high evaporation rates, and freezing conditions 
throughout the year. Filtered tailings are placed by conveyor and radial stacker. It includes an upset area 
where over moisture tailings are deposited as slurry at the top of a slope and allowed to settle naturally. 
The largest operating project utilizing filtered tailings is the Karara Mine in Western Australia at 
approximately 40,000 TPD. Two tailings streams are produced: coarse tailings, dewatered by screen 
filtration, and fine tailings, dewatered by plate press. Tailings are placed by conveyor and stacker with a 
nominal lift thickness of 25 m. The site is essentially a desert and has an order of magnitude higher 
evaporation than precipitation. 

The most reasonable example of a mining project utilizing filtered tailings in climate conditions similar to 
the project is Greens Creek located 30 km southwest of Juneau, Alaska. The throughput at Greens Creek 
is 1,500 TPD; however, only approximately 50% of the tailings are filtered and the remainder is used as 
paste backfill for underground workings. 

A filter plant capable of dewatering tailings at a rate of 55,000 TPD will require a building roughly 100 m by 
30 m (approximately half the size of a football field). Issues with the tailings filtration plant will be expected 
at times due to changes in ore type, grind size, and also for unforeseen maintenance of critical components. 
An area will be designated in the submergence impoundment for emergency discharge where slurry tailings 
will be sent when the filter plant is not operational. Also, a general placement area within the filtered tailings 
waste pile will be required ‘upset’ conditions when the filter plant produces tailings with less than optimal 
moisture content. 

Filtered tailings material may have to be stockpiled and allowed to dry during adverse weather conditions 
or unforeseen truck maintenance in order to maintain production. Coordination and planning for weather 
conditions will be essential for development of a filtered tailings stack at this production rate (55,000 TPD) 
and in the weather conditions common in central British Columbia. A covered live stockpile may be required 
in addition to the truck load out facility. A live stockpile with a one week capacity will be approximately  
100 m in diameter and 25 m in height. Movement of any stockpiled material will subsequently impact the 
availability of trucks to manage normal tailings production. 

Transport of tailings by truck using CAT 777 haul trucks will require approximately 40 trips per hour,  
24 hours a day for 365 days a year. The operation will require a loading arrangement that can reliably load 
trucks at a nominal rate of 1.5 minutes per truck. Any down time has the potential to impact mill operations. 
This will require an active truck fleet of 10 trucks for a haul with a round trip time of 15 minutes. The total 
truck fleet will have to be somewhat larger to manage temporary stockpiled material, for longer haul times, 
and for appropriate backup equipment during periodic and unforeseen maintenance needs. Trucks may 
need to be equipped with heated beds to prevent moist soil from freezing to the metal in the winter. 

Filtration of tailings at a rate of 55,000 TPD will exceed anything within existing precedent; however, the 
increase in scale of filtration alone is not insurmountable. The scale at which filtered tailings has been 
applied in similar site conditions is more concerning. Rainfall has the potential to reduce trafficability of the 
surface, making placement in areas difficult or impossible in certain cases. Winter conditions will pose a 
challenge for placement of the filtered tailings. Precipitation falls predominantly as snow throughout five 
months of the year. Accumulated snow will need to be removed prior to placement of subsequent tailings 
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material. There is potential for entrainment of snow in the waste pile that could impact the stability of the 
pile in the short and long-term. 

Placement of filtered tailings with a conveyor system might be simpler from a bulk material handling 
standpoint; however, a great deal of maneuvering will be required, especially in the initial lifts. There may 
be an opportunity to move from trucking to a conveyor system in the later years of operation. 

5.5.4 CLOSURE 

Upon mine closure, surface facilities will be removed in stages and reclamation will be initiated.  
Candidate 22 is anticipated to have an indefinite active closure period with some water management 
facilities remaining and being maintained in perpetuity. The closure plan is compatible with a premature 
closure event, but it will require substantial earthworks to construct engineered covers. General aspects of 
the closure plan include: 

 Covering PAG waste rock with approximately 2 m of overburden. 
 Covering the filtered tailings waste pile with 2 m of overburden. 
 Constructing a pit discharge channel. 
 Establishing wetlands and revegetating slopes. 
 Pumping the surplus water reporting to the process water pond to the pit for about 30 years to develop 

the pit lake and flood of the majority of PAG rock in the ultimate pit walls. 
 Treatment system infrastructure to treat and release contact water. 
 Dismantling and removing tailings dewatering and delivery structures, and equipment not required 

beyond mine closure. 
 Pumping seepage collection ponds located to the west of the filtered tailings waste pile to the pit lake 

for approximately 30 years or until such time that suitable water quality is achieved. 
 Removing the Davidson Creek seepage collection pumpback systems at such time that suitable water 

quality for direct release is achieved. 
 Removing and re-grading all access roads, ponds, ditches, and borrow areas not required beyond mine 

closure. 
 Long-term stabilization of all exposed erodible materials. 

The remaining waste pile areas not progressively reclaimed will be reclaimed with overburden and re-
vegetated. The low grade stockpile pad will be tested for contamination and removed and disposed of as 
required in the open pit. The pit will be allowed to flood, and upon filling, the pit lake will discharge via a 
constructed channel to the process water pond and hence via a closure spillway to Davidson Creek.  

Regular engineering reviews and inspections of the site will extend for at least 30 years into the closure 
period or until the site reaches a steady-state condition, with less frequent reviews and inspections 
thereafter. 

Long-term active management is expected to continue following the initial closure period to: 

 Confirm that the filtered tailings waste pile remains partially saturated, limiting air entry into the void 
space and retarding acid generation. 

 To operate the long-term water treatment plant(s) for the project. 

Periodic engineering reviews and inspections will be needed to confirm the performance of the water 
treatment systems, and to manage changing conditions. This long-term active closure period is assumed 
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to extend into perpetuity due to the likely acid generating nature of the waste rock and potential for acid 
generation from the filtered tailings waste pile. 

6.0 FAILURE MODES AND EFFECTS ASSESSMENT 

A Failure Modes and Effects Assessment (FMEA) was completed to identify and characterize risks to the 
TSF. The FMEA evaluated risk management practices outlined in the project design, and those expected 
to be applied during permitting. The FMEA evaluated risks specific to the TSF concept identified to be the 
best available technology for the Blackwater Project (ERM, 2015). 

The FMEA demonstrated that the majority of risks to the TSF are mitigated through measures in place in 
the current design and measures to be applied during permitting. The risk rating process did not identify 
any high or very high hazards. The two highest rated risks (medium) identified were as follows: 

 Excess water causing encroachment on freeboard allowance of the TSF. 
 No recognition/response to site changes resulting in insufficient storage capacity of the TSF. 

The opportunity to enhance safety and reduce project risk through improvement in water management 
practices was evaluated during the risk assessment process. Several opportunities for improved water 
management became apparent during this review. These opportunities include consideration of the 
physical location of water storage, active management of undisturbed runoff contributing to the water 
balance, emergency removal of water from the pond, and dam safety in extreme conditions. 

The FMEA process identified several measures that reduce risk, with four additional measures providing 
the most benefit in risk reduction. These opportunities were grouped into two categories: mitigations and 
contingencies. The mitigations and contingencies work together to reduce overall project risk by managing 
likelihood and consequence of potential hazards. 

The mitigations were: 

 Installation of optional diversions upstream of TSF Site D (northern diversion) and upstream of the mine 
facilities south of the TSF (southern diversion) to convey any excess water around rather than into the 
tailings facility. 

 Transfer and storage of the majority of tailings pond supernatant in TSF Site C to minimize water in 
TSF Site D and maximize the beach width. 

The contingencies were: 

 Establishment of interim emergency overflow channels around the Site D Main Dam during operations 
to ensure that the incremental increase in runoff from the Probable Maximum Flood (PMF) during 
operations is safely transmitted around the dam in a controlled manner. 

 Emergency water storage in the open pit in the event that excessive water is encountered in the TSF 
that causes a violation of freeboard requirements and water levels need to be lowered. Use of the 
emergency pit storage will lead to a suspension of operations. 

These additional practices combined with the design measures and practices already in place in the project 
design comprise the best available practices for the project TSF. The FMEA created a catalogue of potential 
hazards to the proposed TSF and documents the best available practices to mitigate the risk of each hazard. 
The FMEA is considered to be a living document that will be updated periodically during subsequent stages 
of design, operations, and during closure of the TSF. 
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The conclusions of this FMEA remain applicable to the revised Candidate 1, which is based on the 2020 
PFS design.  

7.0 COST COMPARISON 

Preliminary scoping level costs were developed for the selected candidates to provide a basis for relative 
comparison in the MAA. The cost estimate included an analysis of the full life cycle of the project including 
construction, operations, and closure phases. The quantities (material takeoffs) for developing the initial 
capital and sustaining capital and operating cost estimates were derived from the figures developed for the 
study and/or adopted from similar costs determine during the PFS or FS, if applicable and at the appropriate 
level of detail. 

The development of the candidate cost estimates was based on the cost of additional tailings processing 
(to create a slurry thickened beyond 50% solids and/or filtration of the tailings), preparation and 
development of the tailings storage area, preparation, and development of a PAG storage area (if required) 
as well as costs for water management. 

7.1 CANDIDATE 1 

Candidate 1 is a thickened slurry tailings alternative and will not require any additional processing prior to 
tailings disposal above that already assumed in the PFS. Quantities and costs were estimated for site 
preparation of the Site C and Site D TSF footprints, and quantities and costs were estimated for construction 
of the Site C and Site D dams. The costs for development of infrastructure supporting the TSF (including 
electrical, mechanical and instrumentation/monitoring), were included in the estimate. A separate PAG 
storage area is not required for Candidate 1 with submergence of waste rock within the TSF.  

The initial capital cost for development of Candidate 1 is estimated to be less than $100M, noted in  
Table 7.1. 

The sustaining capital and operating costs for Candidate 1 are estimated to be between $175M and $349M, 
noted in Table 7.2. 

The closure cost for Candidate 1 is estimated to be between $50M and $74M, noted in Table 7.3. 

7.2 CANDIDATE 7 

Candidate 7 is a filtered tailings alternative and will require additional processing in the form of filtration to 
produce tailings, which can be stored in a stacked arrangement. Quantities and costs were estimated for 
preparation of the filtered tailings storage area and PAG waste rock storage area, and quantities and costs 
estimated for construction of a dam to submerge the waste rock. The costs for development of infrastructure 
supporting the filtered tailings and PAG waste rock storage areas (including electrical, mechanical and 
instrumentation/monitoring), were included in the estimate.  

The initial capital cost for development of Candidate 7 is estimated to be between $175M and $200M, noted 
in Table 7.1. 

The sustaining capital and operating costs for Candidate 7 are estimated to be greater than $875M, noted 
in Table 7.2. 

The closure cost for Candidate 7 is estimated to be between $100M and $125M, noted in Table 7.3. 
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7.3 CANDIDATE 10 

Candidate 10 is a paste tailings alternative and will require additional thickening to produce tailings at a 
solids content greater than that assumed in the FS. Quantities and costs were estimated for preparation of 
the paste tailings storage facility area and quantities and costs were estimated for construction of a west 
and east dam to contain tailings discharged from a central location north of the Plant Site. The costs for 
development of infrastructure supporting the paste tailings and PAG waste rock storage facility (including 
electrical, mechanical and instrumentation/monitoring), were included in the estimate.  

The initial capital cost for development of Candidate 10 is estimated to be between $100M and $124M, 
noted in Table 7.1. 

The sustaining capital and operating costs for Candidate 10 are estimated to be between $175M and 
$349M, noted in Table 7.2. 

The closure cost for Candidate 10 is estimated to be between $75M and $99M, noted in Table 7.3. 

7.4 CANDIDATE 22 

Candidate 22 is a filtered tailings alternative and will require additional processing in the form of filtration to 
produce tailings which can be stored in a stacked arrangement. Quantities and costs were estimated for 
preparation of the filtered tailings storage area and quantities and costs estimated for construction of a dam 
downstream of the stack area for development of a process water pond. Quantities and costs were 
developed for storage of PAG waste rock in an on-land dump. The costs for development of infrastructure 
supporting the filtered tailings and PAG waste rock storage areas (including electrical, mechanical and 
instrumentation/monitoring), were included in the estimate.  

The initial capital cost for development of Candidate 22 is estimated to be between $150M and $174M, 
noted in Table 7.1. 

The sustaining capital and operating costs for Candidate 22 are estimated to be greater than $875M, noted 
in Table 7.2. 

The closure cost for Candidate 22 is estimated to be greater than $125M, noted in Table 7.3. 

Table 7.1 Initial Capital Costs 

Cost Range (M$) 
Initial Capital Costs 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 

< 100 X 

100 - 124  X 

125 - 149  

150 - 174  X 

175 - 200  X 

> 200  
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Table 7.2 Sustaining Capital and Operating Costs 

Cost Range (M$) 
Sustaining Capital and Operating Costs 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 

< 175  

175 - 349 X X 

350 - 524  

525 - 699  

700 - 875  

> 875  X X 

Table 7.3 Closure Costs 

Cost Range (M$) 
Closure Costs 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 

< 25  

25 - 49  

50 - 74 X 

75 - 99  X 

100 - 125  X 

> 125  X 

8.0 CONCLUSIONS 

Three tailings storage technologies were considered in the alternatives assessment study: thickened slurry 
tailings, ultra-thickened (paste) tailings, and filtered tailings. The assessment includes these three tailings 
technologies and an evaluation of alternative site locations while considering water balance implications. 
The alternatives assessment contemplates saturated storage of PAG and NAG3 waste rock to achieve 
geochemical stability. Saturated storage of waste rock requires the construction of a submergence facility 
using water retaining dams regardless of tailings disposal technology. The study also includes options for 
comparison that consider subaerial, unsaturated storage of these waste rock types in mine waste piles not 
requiring mining dams. Storage in this latter manner will not prevent the onset of acidic drainage conditions, 
but rather will rely on collection and treatment to manage the environmental risks associated with these 
options. 

Concepts for management of mine waste were developed based on topographical maps of the project area, 
utilizing the alternative tailings storage technologies. The candidate sites are interspersed within an area of 
approximately 35 km by 30 km and were roughly bounded by the Blackwater River to the south, the 
Nechako Reservoir to the north, Tatelkuz Lake to the east, and Entiako Provincial Park to the west. The 
tailings technology applied at each candidate site was chosen based on site specific constraints and 
professional judgement. Some candidate sites considered multiple tailings technologies, if appropriate, and 
others only considered a single technology. A total of twenty-three (23) candidates were developed. 

A set of criteria was developed based on environmental site constraints to evaluate the group of candidates. 
The process of evaluating the candidates at this level was referred to as preliminary screening (pre-
screening). The goal of pre-screening was to remove those candidates with obvious deficiencies. Ten (10) 
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Appendix F: Multiple Accounts Analysis Ledger 

MULTIPLE ACCOUNTS ANALYSIS (MAA) LEDGER: PHYSICAL STABILITY ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Location of 

water storage 

Alternatives with water 

storage away from 

containment dams are 

preferred 

- Two ponds will be 

located in the TSF 

but normal operation 

maintains the TSF 

ponds away from 

dams 

The pond covers the 

waste rock storage 

facility and the water is 

against the dam 

The pond is within the 

waste storage facility 

and the water is 

against the dam 

The pond is not in the 

waste storage facility 

but a water 

management pond 

downstream of the 

TSF 

6 The process water pond is in a natural 

depression 

3 2 2 5 

5 The process water pond is located 

downstream of the TSF and constructed 

with a water retaining dam 

4 A single process water pond is located within 

the TSF or waste rock storage facility, water 

is maintained away from the TSF dam 

3 Multiple process water ponds are located 

within the TSF or waste rock storage facility, 

water is maintained away from the TSF dam 

2 A single process water pond is located 

within the TSF or waste rock storage facility, 

water is maintained against the TSF dam 

1 Multiple process water ponds are located 

within the TSF or waste rock storage facility, 

water is maintained against the TSF dam 

Tailings and 

waste rock 

interstitial 

water 

Alternatives which 

promote unsaturated 

conditions in tailings 

are preferred due to 

the effect of water 

content on potential 

flow in the event of a 

dam breach 

- The tailings and 

waste rock are fully 

saturated 

The tailings are 

partially saturated and 

waste rock is fully 

saturated 

The tailings and waste 

rock are fully saturated 

The tailings are 

partially-saturated and 

waste rock is 

unsaturated 

6 Tailings partially saturated and waste rock 

unsaturated 

3 4 3 6 

5 Tailings partially saturated and waste rock 

partially saturated 

4 Tailings partially saturated and waste rock 

saturated 

3 Tailings saturated and waste rock saturated 

2 Sub-aqueous deposition and storage of 

tailings 

1 Sub-aqueous deposition and storage of 

tailings and waste rock 

Normal 

operating pond 

volume 

Alternatives with less 

water storage have 

less potential to 

mobilize a larger 

volume of waste 

materials and are 

preferred 

Volume 

(Mm3) 

Target pond volume 

is from 2 Mm3 to 

10 Mm3 

Normal operating pond 

volume is between 

6 Mm3 and 10 Mm3 

Normal operating pond 

volume is between 

6 Mm3 and 10 Mm3 

Normal operating pond 

volume is between 

1 Mm3 and 5 Mm3 

6 Between 1 and 5 Mm3 5 1 1 6 

5 Between 2 and 10 Mm3 

4 Between 3 and 10 Mm3 

3 Between 4 and 10 Mm3 

2 Between 5 and 10 Mm3 

1 Between 6 and 10 Mm3 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Emergency 

water 

management – 

pumps (active) 

Alternatives with 

higher capacity pumps 

to move water from the 

process water pond 

are preferred due to 

ability to move larger 

volumes of water in 

emergency conditions 

Reclaim 

pump 

capacity 

(Mm3/y) 

Large reclaim pumps 

are able to move 

water quickly during 

an emergency: can 

reclaim 20 - 40 Mm3 

per year 

Smaller reclaim pumps 

are not able to move 

water quickly during an 

emergency: capable of 

reclaiming 5 - 10 Mm3 

per year 

Reclaim pumps are 

capable of reclaiming 

10 - 20 Mm3 per year 

Smaller reclaim pumps 

are not able to move 

water quickly during 

an emergency: 

capable of reclaiming 

5 - 10 Mm3 per year 

6 Reclaim greater than 40 Mm3 per year 5 3 4 3 

5 Reclaim 20 - 40 Mm3 per year 

4 Reclaim 10 - 20 Mm3 per year 

3 Reclaim 5 - 10 Mm3 per year 

2 Reclaim 0 - 5 Mm3 per year 

1 No Reclaim requirement 

Emergency 

water 

management – 

spillway 

(passive) 

Alternatives that 

include spillways to 

manage emergency 

flood conditions are 

preferred because 

storage of excess 

water increases the 

potential consequences 

of failure 

- No spillway during 

operations; 

established after 

closure 

No spillway during 

operations; 

established after 

closure 

No spillway during 

operations; 

established after 

closure 

Spillway established 

from water 

management pond 

during operations 

6 Spillway available throughout operations 

and through closure 

4 4 4 6 

5  

4 Spillway available only in closure 

3  

2 No spillway 

1  

Design basis / 

regulatory 

requirement 

Alternatives that have 

additional design 

requirements and 

regulation with 

increased scrutiny are 

preferred 

- Developed and 

regulated TSF design 

requirements 

Developed and 

regulated TSF design 

requirements for 

sub-aqueous PAG 

storage but 

undeveloped for 

filtered tailings 

Developed and 

regulated TSF design 

requirements 

Undeveloped 

requirements and 

regulation for filtered 

tailings; developed 

requirements for 

on-land PAG storage. 

6 EXTREME consequence classification 

dams 

6 5 6 3 

5 VERY HIGH consequence classification 

dams 

4 HIGH consequence classification dams 

3 SIGNIFICANT consequence classification 

dams and HIGH failure hazard waste piles 

2 LOW consequence classification dams and 

MODERATE failure hazard waste piles 

1 LOW failure hazard waste piles 

Tailings 

density 

Alternatives that 

increase density and 

reduce potential for 

mobilization of tailings 

are preferred 

- Thickened-slurry 

tailings discharged 

subaerially take a 

longer period to 

consolidate; lowest 

initial density, same 

final density as paste 

Filtered tailings have 

lower moisture content 

and are more 

physically stable; they 

are actively compacted 

after placement; 

highest density 

Paste tailings are 

discharged subaerially 

and take a longer 

period to consolidate; 

moderate initial 

density, same final 

density as thickened-

slurry 

Filtered tailings have 

lower moisture content 

and are more 

physically stable; 

they are actively 

compacted after 

placement; highest 

density 

6 Filtered, spread and compacted tailings in 

thin lifts 

3 5 3 5 

5 Filtered, placed loose with surface 

compaction 

4 Slurried tailings, subaerial discharge, with 

short term consolidation 

3 Slurried tailings, subaerial discharge, with 

long term consolidation 

2 Subaqueous discharge of tailings, short 

term consolidation 

1 Subaqueous discharge of tailings, long term 

consolidation 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Maximum dam 

height  

Dams with low 

maximum height have 

lower consequences in 

the event of a failure 

and are preferred 

Height (m) Dam height = 140 m Dam height = 110 m Dam height = 130 m Dam height = 40 m 6 < 40 m high 1 3 2 5 

5 ≥ 40 m and < 65 m high 

4 ≥ 65 m and < 90 m high 

3 ≥ 90 m and < 115 m high 

2 ≥ 115 m and < 140 m high 

1 ≥ 140 m high 

Operational 

monitoring 

requirements – 

safety 

Alternatives that are 

less susceptible to 

sudden changes in 

conditions and require 

less monitoring effort 

are preferred 

- One storage facility of 

concern (TSF) with 

well-defined 

monitoring network 

and low intensity 

monitoring 

Two storage facilities 

of concern (TSF and 

PAG WRSF) with high 

intensity monitoring 

One storage facility of 

concern (TSF) with 

easily defined 

monitoring network 

and higher intensity 

monitoring 

Two storage facilities 

of concern (PAG 

WRSF and water 

management pond); 

pond is a small 

structure with less 

concern but high 

intensity monitoring 

required 

6 Most easily defined monitoring network with 

lower intensity monitoring  

6 3 5 3 

5 Easily defined monitoring network with 

higher intensity monitoring  

4 Moderately defined monitoring network with 

higher intensity monitoring  

3 More complex monitoring network at 

2 storage facilities with high intensity 

monitoring 

2 Most complex monitoring network at 

2 storage facilities with high intensity 

monitoring 

1 Difficult to establish robust monitoring 

network  

Notes:  

Dashes indicate qualitative value 

TSF = Tailings Storage Facility; PAG = Potentially Acid Generating; WRSF = Waste Rock Storage Facility 
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MAA LEDGER: TECHNICAL ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Containment Design 

Style of 

containment 

Alternatives that make 

use of natural 

topography are 

preferred 

- The design makes 

use of natural 

ground on two sides 

of the facility as a 

level valley-fill 

deposit 

The design makes use 

of natural ground on 

two sides of the facility 

but is a heaped valley-

fill deposit 

The design makes use 

of natural ground on 

two sides of the facility 

as a level valley-fill 

deposit 

The design makes use 

of natural ground on 

two sides of the facility 

but is a heaped valley-

fill deposit; the PAG 

WRSF has natural 

ground on only one 

side (side hill fill). 

6 Full containment with natural ground - 

lake/depression 

5 4 5 3 

5 Natural ground on two sides – level 

(valley fill) 

4 Natural ground on two sides – heaped 

(valley fill) 

3 Natural ground on one side – level 

(side hill fill) 

2 Natural ground on one side – heaped 

(side hill fill) 

1 No containment with natural ground – ring 

dike 

Number of 

dams 

Alternatives with fewer 

dams have less 

scheduling risk and 

less long term 

maintenance 

requirements and are 

preferred 

Number (#) Design 

accommodates four 

dams to contain 

tailings 

Design accommodates 

one dam to contain 

PAG waste rock 

Design accommodates 

three dams to contain 

tailings 

Design has no waste-

retaining dams but a 

single-stage water 

dam 

6 No dams or single stage dam(s) only 2 5 3 6 

5 One dam 

4 Two dams 

3 Three dams 

2 Four dams 

1 Five or more dams 

Construction 

volumes 

Alternatives requiring 

less dam construction 

material are preferred 

Volume 

(Mm3) 

Dams will require  

80 - 90 Mm3 of 

construction material 

Dam will require  

20 - 40 Mm3 of 

construction material 

Dam will require  

60 - 80 Mm3 of 

construction material 

Dam will require  

1 - 10 Mm3 of 

construction material 

6 < 1 Mm3 1 3 2 5 

5 ≥ 1 Mm3 and < 20 Mm3 

4 ≥ 20 Mm3 and < 40 Mm3 

3 ≥ 40 Mm3 and < 60 Mm3 

2 ≥ 60 Mm3 and < 80 Mm3 

1 ≥ 80 Mm3 

Tailings initial 

settled density 

Alternatives with higher 

initial tailings density 

will require reduced 

storage volume 

requirements and are 

preferred 

Density 

(t/m3) 

Tailings are 

thickened but have 

lower initial settled 

density (1.2 - 

1.6 t/m3) compared 

to filtered tailings 

Tailings are filtered 

and have higher initial 

settled density  

(1.6 - 1.8 t/m3) 

Tailings are thickened 

but have lower initial 

settled density (1.2 - 

1.6 t/m3) compared to 

filtered tailings 

Tailings are filtered 

and have higher initial 

settled density  

(1.6 - 1.8 t/m3) 

6 > 2.00 t/m3 - tailings solids density 1 5 1 5 

5 1.6 – 2.0 t/m3 

4 1.5 - 1.9 t/m3 

3 1.4 - 1.8 t/m3 

2 1.3 - 1.7 t/m3 

1 1.2 - 1.6 t/m3 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Drainage 

provisions 

Alternatives with more 

complex drainage 

provisions are less 

preferred 

- Drainage provisions 

are simple with 

easily installed 

embankment drains 

Drainage provisions 

are complex for 

foundation drains 

beneath the TSF; 

simple, easily installed 

embankment drains 

More complex 

embankment drains 

are required; no 

underdrains are 

required 

Drainage provisions 

are complex for 

foundation drains 

beneath the TSF and 

PAG waste rock 

facilities 

6 No drainage requirements 5 2 4 1 

5 Simple drainage easily implemented 

embankment drains only 

4 Complex embankment drains only 

3 Easily implemented foundation drains and 

complex embankment drains 

2 Complex foundation and easily implemented 

embankment drains 

1 Complex foundation and embankment drains 

Seepage 

management - 

physical 

Alternatives with less 

foundation preparation 

and simpler seepage 

collection facilities are 

preferred 

- Seepage 

management 

includes cut-off 

trenches with single 

seepage collection 

point downgradient 

of dams 

Seepage management 

includes cut-off 

trenches with multiple 

seepage collection 

points 

Seepage management 

includes cut-off 

trenches with multiple 

seepage collection 

points 

Seepage management 

includes cut-off 

trenches with multiple 

seepage collection 

points; liner and 

closure cover for PAG 

rock facility required 

6 Single seepage collection point, no 

additional prevention measures required 

4 3 3 2 

5 Multiple seepage collection points, no 

additional prevention measures required 

4 Cut-off trenches, single seepage collection 

point 

3 Cut-off trenches, multiple seepage collection 

points 

2 Liner, cut-off trenches, multiple seepage 

collection points, closure covers 

1 Multiple layer liner system required 

Seepage 

management - 

quality 

Alternatives that 

prevent degradation of 

water quality are 

preferred 

- PAG waste rock and 

tailings are 

submerged and 

saturated, 

minimizing potential 

for water quality 

degradation 

PAG waste rock is 

submerged and 

saturated but 

management of PAG 

tailings runoff and 

seepage required to 

minimize water quality 

degradation 

PAG waste rock and 

tailings are submerged 

and saturated, 

minimizing potential 

for water quality 

degradation 

Management of runoff 

and seepage 

associated with PAG 

waste rock and tailings 

required to minimize 

water quality 

degradation 

6 Submergence and saturation of PAG 

materials 

6 4 6 2 

5   

4 Submergence of PAG waste rock and 

surface management of PAG tailings 

3  

2 Surface management of all PAG materials 

1  

Construction Requirements 

Foundation 

preparation for 

tailings storage 

area (excludes 

dam) 

Alternatives with 

smaller footprint area 

and/or less involved 

requirements for 

surface preparation are 

preferred 

- Large footprint but 

less involved 

foundation 

preparation 

(clearing, grubbing 

and stripping of TSF 

footprint) 

Involved foundation 

preparation 

requirements 

(clearing, grubbing 

and stripping, 

foundation preparation 

and drainage 

installation for TSF 

footprint) 

Large footprint but less 

involved foundation 

preparation (clearing, 

grubbing and stripping 

of TSF footprint) 

Small footprint but 

involved foundation 

preparation 

requirements 

(clearing, grubbing 

and stripping, 

foundation preparation 

and drainage 

installation for TSF) 

6 No footprint preparation required 4 2 4 2 

5 Clearing only 

4 Clearing, grubbing and stripping 

3 Clearing, grubbing, stripping, foundation 

preparation 

2 Clearing, grubbing, stripping, foundation 

preparation and drainage installation 

1 Clearing, grubbing, stripping, foundation 

preparation, liner installation 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Tailings 

infrastructure 

Alternatives with fewer 

facilities that need to 

be constructed and 

commissioned for 

tailings distribution are 

preferred 

- Infrastructure 

required for slurry 

production and 

thickening 

Infrastructure required 

for slurry production, 

thickening, filtration 

and a load-out facility 

Infrastructure required 

for slurry production 

and increased 

thickening  

Infrastructure required 

for slurry production, 

thickening, filtration 

and a load-out facility 

6 No tailings produced as part of project 

operation 

4 2 3 2 

5 Slurry production, not thickened 

4 Slurry production, thickening 

3 Slurry production, increased thickening 

2 Slurry production, increased thickening, 

filtration, load-out facility 

1 Slurry production, conveyance off-site, 

increased thickening, filtration, load-out 

facility 

Foundation 

preparation for 

PAG waste 

rock facility 

Alternatives without 

PAG waste rock stored 

on land that require 

additional surface 

preparation and/or 

infiltration prevention 

measures and are 

preferred 

- PAG waste rock co-

disposed with 

tailings; foundation 

preparation requires 

clearing, grubbing 

and stripping 

Saturated storage of 

PAG; foundation 

preparation for PAG 

waste rock facility 

same as TSF and 

requires clearing, 

grubbing and stripping 

PAG waste rock co-

disposed with tailings; 

foundation preparation 

requires clearing, 

grubbing and stripping 

Foundation 

preparation for PAG 

waste rock facility 

requires clearing, 

grubbing, stripping, 

foundation 

preparation, liner, and 

runoff and seepage 

collection installation 

6 No footprint preparation required 4 4 4 1 

5 Clearing only 

4 Clearing, grubbing and stripping 

3 Clearing, grubbing, stripping, foundation 

preparation 

2 Clearing, grubbing, stripping, foundation 

preparation and drainage installation 

1 Clearing, grubbing, stripping, foundation 

preparation, liner installation 

Initial dam 

construction 

Alternatives with less 

complex initial dam 

construction are 

preferred 

- Complex initial dam 

construction: 

multiple stage with 

moderate 

construction 

volumes 

Complex initial dam 

construction: multiple 

stage with large 

construction volumes 

Complex initial dam 

construction: multiple 

stage with large 

construction volumes 

Less complex initial 

dam construction: 

single stage water 

dam with low 

construction volumes 

6 Single dam, single stage, low construction 

volumes 

3 2 2 6 

5 Single dam, single stage, high construction 

volumes 

4 Multiple stage initial construction, low 

construction volumes 

3 Multiple stage initial construction moderate 

construction volumes delivered by mine 

2 Multiple stage initial construction, large 

construction volumes delivered by mine 

1 Multiple stage initial construction, multi dam, 

large construction volumes, exceeds mine 

waste delivery capacity 

Sustaining 

construction 

(excludes 

waste delivery) 

Alternatives with less 

complex sustaining 

construction 

requirements are 

preferred 

Dam raise 

frequency 

(years) 

Dam raise required 

every (1) year 

Dam raise required 

every five (5) years 

Dam raise required 

every two (2) years 

No sustaining dam 

construction; 

completed during 

initial construction 

6 Dam construction completed in during initial 

construction 

2 4 3 6 

5 Dam raise every 10 years 

4 Dam raise every 5 years 

3 Dam raise every 2 years 

2 Dam raise every year 

1 Dam raise semi-annually 
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Water Management 

Catchment 

area 

Alternatives with 

smaller catchment 

areas would develop 

smaller flood volumes 

and are preferred 

Area (km2) Catchment area 

upstream of the 

mine facilities 

approximately 

45 km2 

Catchment area 

upstream of the mine 

facilities approximately 

30 km2 

Catchment area 

upstream of the mine 

facilities approximately 

45 km2 

Catchment area 

upstream of the mine 

facilities approximately 

23 km2 

6 Direct upstream reporting catchment less 

than 20 km2 

2 4 2 5 

5 Direct upstream reporting catchment 

20 - 26 km2 

4 Direct upstream reporting catchment 

27 - 33 km2 

3 Direct upstream reporting catchment 

34 - 40 km2 

2 Direct upstream reporting catchment 

41 - 47 km2 

1 Direct upstream reporting catchment greater 

than 47 km2 

Flood routing Alternatives with flood 

routing that would limit 

impacts of erosion and 

sedimentation are 

preferred 

- Flood is routed for 

storage in the pond; 

there is no 

downstream 

discharge for the IDF 

Flood is routed into 

active (TSF) 

construction area; no 

downstream discharge 

for the IDF 

Flood is routed for 

storage in the pond; 

there is no 

downstream discharge 

for the IDF 

Flood is routed into 

active (TSF) 

construction area; 

discharge would be 

directed downstream 

through an operational 

spillway 

6 Flood routing in ponds, no downstream 

discharge for the IDF 

6 4 6 2 

5  

4 Flood routing in active construction areas, 

no downstream discharge for the IDF 

3  

2 Flood routing in active construction areas, 

discharge directed downstream by spillway 

1  

Water balance 

- surplus/

deficit/balance 

Alternatives which can 

maintain a balanced 

condition throughout 

operations and closure 

are preferred 

- Water balance has 

slight surplus late in 

mine life that can be 

managed by 

additional freshwater 

diversions 

Water balance has 

large surplus (3 Mm3 

to 6 Mm3/y) managed 

through diversions and 

treated discharge 

during operation 

Water balance has 

moderate surplus (2 to 

6 Mm3/y) managed 

through diversions 

initially and treated 

discharge later on 

during operation 

Water balance has 

large surplus (3 to 

6 Mm3/y) managed 

through diversions and 

treated discharge 

during operation 

6 Balance 5 2 4 2 

5 Balance with mild deficit/surplus late in mine 

life - easily managed 

4 Moderate deficit/surplus during operations - 

easily managed 

3 Moderate deficit/surplus during operations - 

difficult management 

2 Large deficit/surplus during operations 

1 No water / unmanageable water 

Water recycle 

requirement 

Alternatives that 

require less water 

recycle are preferred 

Annual 

Volume 

(Mm3/y) 

Relatively large 

volume of annual 

water recycle 

required  

(10 - 20 Mm3 /year) 

Small volume of 

annual water recycle 

required  

(< 5 Mm3 /year) 

Moderate volume of 

annual water recycle 

required  

(5 - 10 Mm3 /year) 

Small volume of 

annual water recycle 

required  

(< 5 Mm3 /year) 

6 No Reclaim requirement 2 5 4 5 

5 Reclaim < 5 Mm3/year) 

4 Reclaim ≥ 5 and < 10 Mm3 /year 

3 Reclaim ≥ 10 and < 15 Mm3 /year 

2 Reclaim ≥ 15 and < 20 Mm3 /year 

1 Reclaim ≥ 20 Mm3 /year 
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Water 

treatment 

Alternatives that 

require capture of 

surface water from 

multiple areas for 

treatment and 

discharge are less 

preferred 

- No PAG materials 

allowed to generate 

ARD that require 

collection and 

treatment; discharge 

of treated mine 

water may be 

required during 

operations 

Capture and treatment 

for the PAG tailings 

stack required; 

discharge of treated 

mine water may be 

required during 

operations  

No PAG materials 

allowed to generate 

ARD that require 

collection and 

treatment; discharge 

of treated mine water 

may be required 

during operations  

Capture and treatment 

for the PAG tailings 

stack and PAG waste 

rock required; 

discharge of treated 

mine water may be 

required during 

operations  

6 No capture, treatment, or mine water 

discharge required 

4 2 4 2 

5  

4 Capture and treatment of mine water 

required. No PAG materials allowed to 

generate ARD. 

3  

2 Capture and treatment required for contact 

water from PAG materials. Discharge of 

treated mine water required. 

1  

Surplus water 

management 

Alternatives that deal 

with surplus conditions 

with simpler water 

management are 

preferred 

Annual 

Volume 

(Mm3/y) 

Surplus water can 

be managed via 

diversion ditches 

and/or pipeline 

conveyance 

Surplus water would 

need to be collected, 

treated and 

discharged  

(1 - 5 Mm3 /year) 

Surplus water would 

need to be collected, 

treated and 

discharged  

(< 1 Mm3 /year) 

Surplus water would 

need to be collected, 

treated and 

discharged  

(1 - 5 Mm3 /year) 

6 No surplus, no water management 5 2 4 2 

5 Diversion ditching and/or pipeline 

conveyance 

4 Treat and discharge less than 1 Mm3/year 

3 Treat and discharge 1 – 2 Mm3/year 

2 Treat and discharge 1 – 5 Mm3/year 

1 Treat and discharge greater than 5 Mm3/year 

Operational 

monitoring 

requirements - 

internal site 

water 

management 

Alternatives that are 

less susceptible to 

sudden changes in 

conditions and require 

greater monitoring 

effort are preferred 

- Less susceptible to 

sudden changes in 

condition requiring 

standard water 

quality monitoring to 

confirm expectations 

Potentially more 

susceptible to sudden 

changes in conditions; 

the positioning of mine 

facilities also 

complicates 

monitoring 

requirements 

Potentially more 

susceptible to sudden 

changes in conditions; 

the positioning of mine 

facilities also 

complicates 

monitoring 

requirements 

Extensive internal site 

water quality 

monitoring at multiple 

locations, with 

expected variances 

requiring response 

and correction 

6 Cursory internal water quality monitoring, to 

confirm expectations 

6 4 4 2 

5  

4 Positioning of mine facilities complicates 

monitoring requirements 

3  

2 Extensive internal site water quality 

monitoring in multiple locations, with 

expected variances requiring response and 

correction 

1  

Execution 

Technology 

precedent - 

processing 

Alternatives utilizing 

tailings production 

technology proven at 

project throughput 

rates are preferred 

- Thickened slurry 

tailings production 

technology is proven 

at the Project 

throughput in this 

climate 

Filtered tailings 

production technology 

is not proven at the 

Project throughput in 

this climate 

Paste tailings 

production technology 

is not proven at the 

Project throughput in 

this climate 

Filtered tailings 

production technology 

is not proven at the 

Project throughput in 

this climate 

6 Production technology proven above project 

throughput 

4 2 2 2 

5  

4 Production technology proven at project 

throughput 

3  

2 Production technology not proven at project 

throughput 

1  
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Technology 

precedent - 

storage 

Alternatives utilizing 

tailings production 

technology at project 

throughput rates 

shown to be effective 

in similar site 

conditions are 

preferred 

Proven to 

Project 

throughput 

ratio 

(ratio) 

The storage 

technology  

(valley fill with 

staged, centre-line 

dam construction) is 

proven at the Project 

throughput 

The most representative 

example of a mining 

project utilizing filtered 

tailings in climate 

conditions similar to the 

Project is Greens Creek 

located 30 km southwest 

of Juneau, Alaska. 

The throughput at 

Greens Creek is 

1,500 tpd; however, 

only about 50% of the 

tailings is filtered and 

the remainder is used 

as paste backfill for 

underground workings; 

thus, the storage 

technology is not proven 

at the Project 

throughput; proven at 

less than 6,000 tpd 

in climatic conditions 

similar to the Project.  

Candidate 

contemplates an 

alternative tailings 

dewatering strategy 

where tailings will be 

dewatered further 

(instead of being 

re-pulped) and 

discharged as a non-

segregating paste in 

the TSF. A paste 

surface disposal facility 

at this throughput is 

not beyond Canadian 

precedent, although it 

is not common in BC 

or Canada. 

The most representative 

example of a mining 

project utilizing filtered 

tailings in climate 

conditions similar to the 

Project is Greens Creek 

located 30 km southwest 

of Juneau, Alaska. 

The throughput at 

Greens Creek is 

1,500 tpd; however, 

only about 50% of the 

tailings is filtered and 

the remainder is used 

as paste backfill for 

underground workings; 

thus, the storage 

technology is not proven 

at the Project 

throughput; proven at 

less than 6,000 tpd 

in climatic conditions 

similar to the Project. 

6 Storage technology proven above project 

throughput 

6 1 1 1 

5 Storage technology proven at project 

throughput 

4 Ratio of proven throughput to project 

throughput 0.5 - 1 (30,000 tpd - 60,000 tpd) 

3 Ratio of proven throughput to project 

throughput 0.25 - 0.5 (15,000 tpd - 30,000 tpd) 

2 Ratio of proven throughput to project 

throughput 0.05 - 0.25 (6,000 tpd - 15,000 tpd) 

1 Ratio of proven throughput to project 

throughput less than 0.05 (6,000 tpd) 

Tailings 

delivery 

complexity 

Alternatives that have 

less complex tailings 

delivery systems are 

preferred 

- Simple tailings 

delivery using 

gravity-fed pipeline 

Requires complex 

system of conveyor / 

stacker (likely more 

than one) or truck haul 

delivery 

Requires pumps to 

deliver tailings to TSF 

Requires complex 

system of conveyor / 

stacker (likely more 

than one) or truck haul 

delivery 

6 Gravity pipeline 6 2 4 2 

5  

4 Pumped pipeline 

3  

2 Automated conveyor and/or truck haul 

delivery 

1  

Tailings 

placement 

complexity 

Alternatives with 

smaller active fill 

surfaces are preferred 

due to impact of 

mechanical spreading 

and or compaction, 

precipitation, snow and 

ice removal  

- Simple placement 

over smaller area, 

not affected, or to a 

small degree by 

weather conditions 

Most complex tailings 

placement requiring 

spreading, compaction 

and management of 

precipitation (snow 

removal) 

More complex 

placement with 

pumping from central 

dike; affected to a 

small degree by 

weather conditions 

Most complex tailings 

placement requiring 

spreading, compaction 

and management of 

precipitation 

(snow removal) 

6 No potential impacts to placement 5 3 4 3 

5 Simple placement not affected or affected to 

a minor degree by weather conditions 

4 Moderately complex placement affected to a 

minor degree by weather conditions 

3 Filtered tailings surface with complex tailings 

placement affected to a large degree by 

weather conditions (i.e., requires snow 

removal) 

2 Filtered tailings surface with very complex 

tailings placement affected to a large degree 

by weather conditions (i.e., requires snow 

removal) 

1 Filtered tailings surface with PAG waste rock 

placement requiring complex placement and 

affected to a\ large degree by weather 

conditions 
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PAG waste 

rock delivery 

and placement 

Alternatives with less 

complex PAG waste 

rock delivery and 

placement are 

preferred due to lower 

placement costs 

- Complex: PAG 

waste rock has long 

haul and placed in 

thin lifts concurrent 

with tailings 

placement 

Less complex: PAG 

waste rock can be 

placed in thick lifts 

despite the long haul 

distance 

Very complex: PAG 

waste rock has long 

haul and there is 

increased co-disposal 

difficulty associated 

with concurrent 

placement with paste 

tailings 

Less complex: PAG 

waste rock can be 

placed in thick lifts and 

has short haul 

distance 

6 No PAG waste rock 2 3 1 5 

5 Short haul, thick lifts 

4 Short haul, thin lifts 

3 Long haul, thick lifts 

2 Long haul, thick lifts, concurrent with other 

waste placement 

1 Long haul, thin lifts, concurrent with other 

waste placement 

Operational 

flexibility 

Alternatives with 

secondary discharge 

areas and/or ease of 

adjustment to 

placement method are 

preferred 

- Flexible because 

there are secondary 

discharge points 

within the primary 

facility that minimize 

production delays to 

less than a day 

Less flexible despite 

provision of an upset 

facility for out of 

specification tailings; 

production delays up 

to a month are 

possible 

Flexible as there are 

secondary discharge 

points within the TSF 

that would minimize 

production delays to 

less than a week 

Less flexible despite 

provision of an upset 

facility for out of 

specification tailings; 

production delays 

more than a month are 

possible 

6 Full secondary facility for discharge of 

tailings as specified, < 1 day production 

delay 

5 3 4 2 

5 Secondary discharge point within primary 

facility, < 1 day production delay 

4  Secondary discharge point within primary 

facility, > 1 day and < 1 week production 

delay 

3 Upset facility for out of specification tailings, 

> 1 week and < 1 month production delay 

2 Upset facility for out of specification tailings, 

> 1 month production delay 

1 No ability for secondary discharge, 

> 1 month production delay 

Closure 

Closure 

concept – 

physical 

Alternatives with less 

water contained and/or 

water positioned away 

from dams within the 

facility at closure are 

preferred 

- The pond is within 

the TSF and it is 

contained in a small 

area and water 

stored away from the 

dam at closure 

The pond covers 

waste rock in the PAG 

disposal area and 

water is against the 

dam 

Water produced from 

the paste tailings 

accumulates against 

the dam 

The pond is not in the 

waste storage facility 

6 The process water pond is in a natural 

depression 

4 1 2 5 

5 The process water pond is located 

downstream of the TSF and constructed with 

a water retaining dam 

4 A single process water pond is located within 

the TSF, water is maintained away from the 

TSF dam 

3 Multiple process water ponds are located 

within the TSF, water is maintained away 

from the TSF dam 

2 A single process  

water pond is located within the TSF, water 

is maintained against the TSF dam 

1 Pond is located in a waste rock storage 

facility, water against dam 
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Closure 

concept – 

geochemical 

Alternatives that 

passively manage 

geochemical concerns 

in closure are preferred 

- All PAG materials 

are submerged and 

saturated  

PAG waste rock is 

submerged however 

surface management 

of PAG tailings will be 

required 

PAG materials 

saturated. Some 

surface management 

of PAG tailings may 

be required. 

Surface management 

of all PAG materials 

required 

6 Submerged and saturated PAG materials 6 4 5 1 

5 Saturated PAG materials 

4 Submerged PAG waste rock and surface 

management of PAG tailings 

3 Submerged PAG tailings and surface 

management of PAG waste rock 

2 Surface management of some PAG 

materials required 

1 Surface management of all PAG materials 

required 

Closure 

concept – 

active closure 

period 

Alternatives that 

require a shorter term 

active closure period 

are preferred 

Years (y) Shorter active 

closure period with 

pumping of tailings 

pond supernatant to 

the pit for about 

18 years 

Longer active closure 

period, with; pumping 

of tailings pond 

supernatant to the pit 

for about 29 years 

Shorter active closure 

period with pumping 

of tailings pond 

supernatant to the pit 

for about 19 years 

Longer active closure 

period with pumping of 

seepage collection 

ponds to the pit lake 

for approximately 

30 years 

6 Less than 5 years of active closure 4 2 4 2 

5 5 - 10 years of active closure 

4 10 - 20 years of active closure 

3 20 - 30 years of active closure 

2 30 - 40 years of active closure 

1 Greater than 40 years of active closure 

Closure 

concept – 

long-term 

maintenance 

and monitoring 

Alternatives that 

require lower long-term 

maintenance and 

monitoring are 

preferred 

- Less long-term 

maintenance and 

monitoring because 

there is one TSF of 

concern with normal 

confirmatory closure 

monitoring and 

maintenance 

expected 

More long-term 

maintenance and 

monitoring as there is 

a TSF and WRSF of 

concern requiring site 

wide water quality 

monitoring with 

variances potentially 

requiring correction 

More long-term 

maintenance and 

monitoring as there is 

one TSF of concern 

requiring site wide 

water quality 

monitoring with 

variances potentially 

requiring correction 

Most long-term 

maintenance and 

monitoring as there is 

a TSF and WRSF of 

concern, requiring 

extensive internal site 

wide water quality 

monitoring, expected 

variances requiring 

correction. Potential 

for long-term water 

treatment. 

6 No long-term maintenance and monitoring 5 2 3 1 

5 One facility of concern, short-term internal 

water quality monitoring, to confirm 

expectations 

4 One facility of concern, long-term monitoring 

and maintenance to confirm expectations 

3 One facility of concern, long-term monitoring 

and maintenance with variances potentially 

requiring correction 

2 Two facilities of concern, extensive internal 

site wide water quality monitoring, expected 

variances requiring correction 

1 Two facilities of concern, extensive internal 

site wide water quality monitoring, expected 

variances requiring correction and potential 

for long-term water treatment 

Concurrent 

closure and 

reclamation 

Alternatives where 

project facilities can be 

incrementally 

reclaimed during 

operations are 

preferred 

- Some areas can be 

progressively 

reclaimed: TSF 

embankments and 

upstream part of 

TSF 

Limited areas can be 

progressively 

reclaimed: PAG rock 

dam embankments 

and lower slopes of 

TSF 

Some areas can be 

progressively 

reclaimed; e.g., TSF 

embankments 

Limited areas can be 

progressively 

reclaimed: lower 

slopes of PAG rock 

dump and TSF 

6 All facilities can be progressively reclaimed 

during operations 

4 3 4 2 

5 Facilities are actively reclaimed, limited 

surface area un-reclaimed during operations 

4 Facilities are actively reclaimed with a large 

surface area un-reclaimed during operations 

3 Some facilities are actively reclaimed, limited 

surface area un-reclaimed during operations 

2 Some facilities are actively reclaimed, a large 

surface area un-reclaimed during operations 

1 No facilities actively reclaimed during 

operations 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Premature 

closure 

Alternatives that are 

more amenable to 

premature closure are 

preferred 

- Requires minimal 

amount of 

earthworks for 

implementation of 

closure plan – 

smaller surface area 

on TSF because of 

supernatant pond(s) 

Requires large amount 

of earthworks for 

implementation of 

closure plan because 

of large surface area 

on TSF 

Requires some 

earthworks to fill in low 

spots to facilitate water 

management and 

reclamation of large 

surface area on TSF 

Requires substantial 

earthworks for 

implementation of 

closure plan: largest 

surface area TSF and 

PAG rock dump 

6 No surface area requiring reclamation 4 3 2 1 

5 Small surface area requiring reclamation, 

no earthworks required for implementation 

of closure plan 

4 Small surface area requiring reclamation, 

minimal earthworks for implementation of 

closure plan 

3 Large surface area requiring reclamation, 

minimal amount earthworks for 

implementation of closure plan 

2 Large surface area requiring reclamation, 

large amount earthworks for implementation 

of closure plan 

1 Large surface area requiring reclamation, 

substantial earthworks for implementation of 

closure plan 

Notes:  

Dashes indicate qualitative value  

PAG = potentially acid generating; NAG = non acid generating 

TSF = Tailings Storage Facility; WRSF = Waste Rock Storage Facility 

PMF = probably maximum flood; IDF = inflow design flood  
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APPENDIX F: MULTIPLE ACCOUNTS ANALYSIS LEDGER 

MAA LEDGER: ENVIRONMENT ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Climate and Air Quality 

Sensitivity to 

climate change 

Alternatives with lower 

risk of loss of water 

cover and initiation of 

ML/ARD from exposed 

tailings and PAG waste 

rock are preferred. 

Alternatives that retain 

the IDF during 

operations and the 

PMF passes through 

the spillway during 

closure are preferred 

- Low sensitivity to 

climate change. Low 

risk for loss of water 

cover on the 

tailings/PAG waste 

rock during drought 

conditions. Retains 

the IDF during 

operation and passes 

the PMF on closure. 

Low to moderate 

sensitivity to climate 

change. Low potential 

for the water cover to 

be lost over the PAG 

waste rock during 

drought conditions. 

Moderate risk for loss of 

vegetative cover and 

tailings erosion during 

drought conditions. 

Retains the IDF during 

operation and passes 

the PMF on closure. 

Low to moderate 

sensitivity to climate 

change. Moderate risk 

for loss of vegetative 

cover and tailings 

erosion during drought 

conditions. Retains the 

IDF during operation 

and assess the PMF 

on closure. 

Moderate to high 

sensitivity to climate 

change. Moderate risk for 

loss of vegetative cover 

on PAG waste rock dump 

and TSF during drought 

conditions. Retains the 

1:200 year return period 

(IDF) during operation 

and passes the 

1/3 between the 1 in 

1,000 year return period 

and PMF during operation 

and closure. 

6 Minimal sensitivity to climate change 5 4 4 2 

5 Low sensitivity to climate change 

4 Low to moderate sensitivity to climate 

change 

3 Moderate sensitivity to climate change 

2 Moderate to high sensitivity to climate 

change 

1 High sensitivity to climate change 

Dust emissions Alternatives that have 

low potential for dust 

are preferred due to 

lower associated risks 

to human health, 

vegetation and wildlife 

habitat 

- Low potential for dust 

generation as tailings 

remain saturated  

Moderate potential for 

dust from filtered 

tailings  

Low to moderate 

potential for dust 

generation 

Moderate to high potential 

for dust from filtered 

tailings and PAG waste 

rock stored on land  

6 Minimal potential 5 3 4 2 

5 Low potential 

4 Low to moderate potential 

3 Moderate potential 

2 Moderate to high potential 

1 High potential 

Noise and 

vibration 

Alternatives with lower 

potential for noise and 

vibration are preferred 

due to fewer 

disturbances to wildlife 

and harvesting 

experience. 

- Open pit operations 

and co-disposal of 

waste rock provide a 

source of noise and 

vibration. Considered 

to have lower 

potential for noise and 

vibration than filtered 

tailings as tailings are 

pumped and not 

trucked 

Open pit operations and 

disposal of waste rock 

in submerged storage 

area provide a source 

of noise and vibration. 

Considered to have 

moderate potential for 

noise and vibration 

since filtered tailings 

are trucked, spread and 

compacted 

Open pit operations 

and co-disposal of 

waste rock provide a 

source of noise and 

vibration. Considered 

to have lower potential 

for noise and vibration 

than filtered tailings as 

tailings are pumped 

and not trucked 

Open pit operations and 

additional disposal of 

PAG waste rock on land 

provide a source of noise 

and vibration. Considered 

to have high potential for 

noise and vibration since 

filtered tailings are 

trucked, spread and 

compacted. Large PAG 

waste rock facility  

6 Minimal potential 5 3 5 1 

5 Low potential 

4 Low to moderate potential 

3 Moderate potential 

2 Moderate to high potential 

1 High potential 

Surface Water Flow 

Loss of 

catchment 

area 

Alternatives with the 

smallest catchment 

and least potential to 

reduce flows are 

preferred  

Area (km2) 45 km2 diverted 

catchment area 

30 km2 diverted 

catchment area 

45 km2 diverted 

catchment area 

23 km2 diverted 

catchment area 

6 ≤ 20 km2 1 4 1 5 

5 > 20 and ≤ 25 km2  

4 > 25 and ≤ 30 km2 

3 > 30 and ≤ 35 km2 

2 > 35 and ≤ 40 km2 

1 ≥ 40 km2  
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Surface Water Quality 

Storage of 

PAG material 

Alternatives that store 

PAG waste rock and 

tailings sub-aqueously 

are preferred as there 

is lower risk of 

ML/ARD 

- Storage of PAG waste 

rock and tailings sub-

aqueously; low risk of 

ML/ARD 

Sub-aqueous storage of 

PAG waste rock but not 

tailings; potential risk of 

ML/ARD 

Storage of PAG waste 

rock and tailings sub-

aqueously; low risk of 

ML/ARD  

PAG waste rock and 

tailings stored on land; 

ML/ARD expected 

6 Storage of tailings and PAG rock 

sub-aqueously 

6 3 4 1 

5 Storage of tailings is saturated and 

PAG rock sub-aqueously 

4 Co-disposal of saturated tailings and 

PAG rock  

3 Storage of tailings on land and PAG 

rock sub-aqueously 

2 Storage of tailings and PAG rock on 

land; ML/ARD not expected 

1 Storage of tailings and PAG rock on 

land; ML/ARD expected 

Seepage 

quantity 

Alternatives with 

smaller ponds situated 

away from dams are 

preferred 

 Has two large ponds 

but water is separated 

from main dam by 

large tailings beach 

and waste rock 

Has large pond with 

water against dam  

Has large pond with 

water against dam  

Has small pond with water 

against dam  

6 No pond required 3 1 1 2 

5 Lined ponds, no potential seepage 

4 Small pond(s) with water not against 

dam 

3 Large pond(s) with water not against 

dam 

2 Small pond(s) with water against dam 

1 Large pond(s) with water against dam 

Dam 

embankment 

area 

Alternatives with smaller 

dam embankment 

areas are preferred 

as they will have less 

infiltration and runoff 

that may affect surface 

water quality (although 

can be collected) 

Area (ha) Dam embankment 

area = 132 ha 

Dam embankment 

area = 69 ha 

Dam embankment 

area = 92 ha 

Dam embankment area = 

7 ha  

6 < 10 ha 1 4 3 6 

5 ≥ 10 and < 40 ha 

4 ≥ 40 and < 70 ha 

3 ≥ 70 and < 100 ha 

2 ≥ 100 and < 130 ha  

1 ≥ 130 ha 

Groundwater 

Groundwater 

quality  

Alternatives with less 

risk to groundwater 

quality are preferred 

- PAG rock and tailings 

stored under wateris 

submerged, with 

minimal to low 

ML/ARD potential in 

seepage 

PAG rock is submerged 

reducing ML/ARD 

potential in seepage; 

however, filtered tailing 

stored on land has 

moderate ML/ARD risk 

and potential to affect 

water quality in pond, 

resulting in moderate 

risk to groundwater 

quality 

PAG rock is deposited 

with tailings and 

remains saturated 

reducing ML/ARD 

potential. Low to 

moderate ML/ARD risk 

and potential to affect 

water quality in pond, 

resulting in low risk to 

groundwater quality 

PAG rock and filtered 

tailings stored on land 

have greatest potential for 

ML/ARD; high risk of poor 

quality seepage impacts 

to groundwater quality. 

6 Minimal risk to groundwater quality 5 3 4 1 

5 Minimal to low risk to groundwater 

quality 

4 Low to moderate risk to groundwater 

quality 

3 Moderate risk to groundwater quality 

2 Moderate to high risk to groundwater 

quality 

1 High risk to groundwater quality 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Groundwater 

quantity 

Alternatives that do not 

reduce groundwater 

flow to downstream 

creeks are preferred. 

- Two large ponds 

potentially increase 

flow through and 

beneath dam; 

however, a large dam 

with engineered 

groundwater cut-off 

reduces groundwater 

contribution to 

creek flow 

Large pond and close 

to dam potentially 

increases flow through 

and beneath dam; 

however, large dam 

with engineered 

groundwater cut-off 

reduces groundwater 

contribution to 

creek flow  

Pond close to dam 

potentially increases 

flow through and 

beneath dam; 

however, large dam 

with engineered 

groundwater cut-off 

reduces groundwater 

contribution to 

creek flow  

Significantly smaller pond 

and dam unlikely to affect 

groundwater contribution 

to creek flow  

6 Minimal risk to groundwater quantity 4 3 2 5 

5 Minimal to low risk to groundwater 

quantity 

4 Low to moderate risk to groundwater 

quantity 

3 Moderate risk to groundwater quantity 

2 Moderate to high risk to groundwater 

quantity 

1 High risk to groundwater quantity 

Terrain and Soils 

Soils  Alternatives that affect 

smaller areas of high 

productivity soils are 

preferred 

Area (ha) 48 ha of high 

productivity soil (3% 

of total footprint) 

60 ha of high 

productivity soil (4% of 

total footprint) 

35 ha of high 

productivity soil (3% of 

total footprint) 

73 ha of high productivity 

soil (7% of total footprint) 

6 No high productivity soil affected  3 2 5 1 

5 < 35 ha affected  

4 ≥ 35 and < 45 ha affected  

3 ≥ 45 and < 55 ha affected  

2 ≥ 55 and < 65 ha affected  

1 > 65 ha affected  

Fish, Fish Habitat, and Aquatic Resources 

Risks to 

fisheries and 

aquatic 

resources 

Alternatives that 

present less risk to 

fisheries and aquatic 

resources from 

changes in water 

quantity and quality are 

preferred 

- Minimal changes in 

downstream water 

quality above 

background conditions 

predicted in modeling 

studies. Water quantity 

to be augmented with 

lake water during 

operations. 

Supplementing 

in-stream flow needs 

with releases from the 

Freshwater Reservoir 

will mitigate risks. 

Low risk of changes in 

downstream water quality 

due to uncaptured, poor 

quality seepage 

(originating from filtered 

tailings) from pond. Water 

quantity to be augmented 

with lake water during 

operations. 

Supplementing in-stream 

flow needs with releases 

from the Freshwater 

Reservoir will mitigate 

risks. 

Minimal to low risk of 

changes in downstream 

water quality due to 

uncaptured, poor quality 

seepage (originating 

from paste tailings) from 

pond. Water quantity to 

be augmented with lake 

water during operations. 

Supplementing in-

stream flow needs with 

releases from the 

Freshwater Reservoir 

will mitigate risks. 

Potentially moderate 

changes in downstream 

water quality due to 

uncaptured, poor quality 

seepage from PAG waste 

rock and from filtered 

tailings. Water quantity to 

be augmented with lake 

water during operations. 

Supplementing in-stream 

flow needs with releases 

from the Freshwater 

Reservoir will mitigate 

risks. 

6 Minimal risk 6 4 5 3 

5 Minimal to low risk 

4 Low risk 

3 Moderate risk 

2 Moderate to high risk 

1 High risk 

Stream length 

affected 

Alternatives that 

overlap fewer streams 

are preferred due to 

lower potential impacts 

to aquatic habitat. 

Length 

(km) 

17.1 km of streams 19.8 km of streams 17.0 km of streams 14.7 km of streams 6 0 km 2 1 2 4 

5 < 13.0 km affected 

4 ≥ 13.0 and < 15.5 km affected 

3 ≥ 15.5 and < 17.0 km affected 

2 ≥ 17.0 and < 19.5 km affected 

1 > 19.5 km  
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Fish habitat 

loss 

Alternatives with less 

area of altered or 

destroyed habitat for 

Rainbow Trout within 

the Project footprint 

are preferred 

Area (ha) Loss of 3.5 ha of 

known/assumed 

Rainbow Trout 

habitat; Loss of 

Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS 

Loss of an estimated 

4.2 ha of 

known/assumed 

Rainbow Trout habitat; 

Loss of Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS 

Loss of an estimated 

3.6 ha of 

known/assumed 

Rainbow Trout habitat; 

Loss of Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS 

Loss of an estimated 

3.1 ha of known/assumed 

Rainbow Trout habitat; 

Loss of Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS 

6 Loss of 0 ha of known/assumed 

Rainbow Trout habitat and no critical 

spawning habitat 

3 2 3 4 

5 Loss of < 3 ha of known/assumed 

Rainbow Trout habitat and loss of 

spawning habitat 

4 Loss of ≥ 3.0 and < 3.4 ha of 

known/assumed Rainbow Trout habitat 

and loss of spawning habitat 

3 Loss of > 3.4 and ≤ 3.8 ha of 

known/assumed Rainbow Trout habitat 

and loss of spawning habitat 

2 Loss of > 3.8 and ≤ 4.2 ha of 

known/assumed Rainbow Trout habitat 

and loss of spawning habitat 

1 Loss of > 4.2 ha of known/assumed 

Rainbow Trout habitat and loss of 

spawning habitat  

Terrestrial Ecosystems 

Loss and risk 

to wetlands 

Alternatives that 

directly impact less 

wetland surface area 

or have fewer risks to 

wetlands are preferred 

as they have a lower 

probability of affecting 

habitat and ecological 

function. 

Area (ha) Loss of wetlands: 

367 ha.  

Risk to wetlands 

considered minimal 

because of under 

water storage of all 

PAG materials and 

better water quality 

Loss of wetlands: 

409 ha 

Risk of alteration to 

wetlands considered 

low because of under 

water storage of 

PAG rock 

Loss of wetlands: 

225 ha.  

Low risk of alteration 

to downstream 

wetlands because of 

co-disposal of tailings 

and waste rock 

Loss of wetlands: 341 ha. 

Moderate risk of alteration 

to downstream wetlands 

because of storage of 

PAG material on land  

6 Loss < 250 ha and minimal risk to 

alteration of wetlands 

3 2 5 1 

5 Loss < 250 ha and low risk to alteration 

of wetlands 

4 Loss < 250 ha and moderate risk to 

alteration of wetlands 

3 Loss > 250 ha and minimal risk to 

alteration of wetlands 

2 Loss > 250 ha and low risk to alteration 

of wetlands 

1 Loss > 250 ha and moderate risk to 

alteration of wetlands 

Wildlife 

Loss of high-

quality habitat 

for species of 

conservation 

concern  

Alternatives that have 

less potential impact 

for high quality habitat 

(terrestrial birds, 

myotis bat and western 

toad) are preferred 

Area (ha) Loss of high-quality 

habitat = 966 ha 

(terrestrial birds = 

63 ha, myotis bat = 

572 ha; and western 

toad = 331 ha) 

Loss of high-quality 

habitat = 1,301 ha 

(terrestrial birds = 

73 ha; myotis bat = 

827 ha; and western 

toad = 401 ha) 

Loss of high-quality 

habitat = 1,124 ha 

(terrestrial birds = 

73 ha; myotis bat = 

648 ha; and western 

toad = 403 ha) 

Loss of high-quality 

habitat = 678 ha 

(terrestrial birds = 17 ha; 

myotis bat = 583 ha; 

and western toad = 79 ha) 

6 < 500 ha loss 4 2 3 5 

5 ≥ 500 ha and < 750 ha loss 

4 ≥ 750 ha and < 1,000 loss 

3 ≥ 1,000 ha and < 1,250 ha loss 

2 ≥ 1,250 ha and < 1,500 ha 

1 ≥ 1,500 ha 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Loss of 

capable 

caribou habitat 

Alternatives that have 

less impact on capable 

caribou habitat are 

preferred 

Area (ha) Loss of capable 

caribou habitat = 

1,132 ha 

(0 ha HEWR,  

855 ha HE-Matrix 1; 

231 ha LE-Matrix 1, 

46 ha Matrix 1) 

Loss of capable caribou 

habitat = 1,169 ha 

(0 ha HEWR,  

884 ha HE-Matrix 1; 

237 ha LE-Matrix 1,  

48 ha Matrix 1) 

Loss of capable 

caribou habitat = 

975 ha  

(0 ha HEWR,  

685 ha HE-Matrix 1; 

241 ha LE-Matrix 1, 

48 ha Matrix 1) 

Loss of capable caribou 

habitat = 631 ha 

(0 ha HEWR,  

564 ha HE-Matrix 1; 

61 ha LE-Matrix 1, 

6 ha Matrix 1) 

6 No loss of capable habitat 2 2 3 4 

5 < 600 ha 

4 ≥ 600 ha and < 750 ha 

3 ≥ 900 ha and < 1,050 ha  

2 ≥ 1,050 ha and < 1,200 ha 

1 ≥ 1,200 ha  

Loss of high-

quality habitat 

for moose 

Alternatives that have 

less impact on high 

quality moose habitat 

are preferred 

Area (ha) Loss of high-quality 

moose habitat = 

190 ha 

Loss of high-quality 

moose habitat = 194 ha 

Loss of high-quality 

moose habitat = 

191 ha 

Loss of high-quality 

moose habitat = 70 ha 

6 No loss of high quality habitat 2 2 2 4 

5 < 50 ha 

4 ≥ 50 ha and < 100 ha 

3 ≥ 100 ha and < 150 ha  

2 ≥ 150 ha and < 200 ha 

1 ≥ 200 ha  

Toxicological 

risk to 

migratory 

birds, 

amphibians 

and bats 

Alternatives that 

present less 

toxicological risk to 

migratory birds, 

amphibians and bats 

are preferred 

- Minimal to low 

toxicological risk. 

Better water quality 

because PAG rock 

co-disposed 

subaqueously with 

tailings. Size of ponds 

could temporarily 

attract migratory 

waterbirds but unlikely 

during operations. 

Low to moderate 

potential for toxicological 

risk. Large size of pond 

could attract waterbirds, 

amphibians and bats. 

Better water quality 

because of sub-aqueous 

PAG rock storage but 

partially-saturated 

filtered tailings could 

affect water quality. 

Seepage from TSF may 

affect migratory birds, 

amphibians and bats if 

metals accumulate in 

wetland vegetation. 

Low potential for 

toxicological risk. Pond 

unlikely attract 

waterbirds, 

amphibians and bats. 

Better quality water 

because of lower 

ML/ARD potential. 

May affect migratory 

birds, amphibians and 

bats if metals 

accumulate in wetland 

vegetation. 

Moderate potential for 

toxicological risk. On land 

PAG and tailings disposal 

may affect water quality of 

downstream waterways 

used by waterfowl, 

amphibians and bats. 

Seepage from TSF may 

affect migratory birds, 

amphibians and bats if 

metals accumulate in 

wetland vegetation. 

Seepage collection pond 

from PAG rock expected 

to have ML/ARD affected 

water. 

6 Minimal toxicological risks 5 3 4 2 

5 Minimal to low toxicological risks 

4 Low toxicological risk 

3 Low to moderate toxicological risk 

2 Moderate toxicological risks 

1 Moderate to high toxicological risks 

Toxicological 

risk to 

terrestrial 

wildlife species 

Alternatives that 

present less 

toxicological risk to 

wildlife species are 

preferred 

- Minimal toxicological 

risk associated with 

dusting from TSF 

beaches and from 

pond water quality and 

associated seepage to 

downstream wetlands/

creeks 

Low to moderate 

toxicological risk 

associated with dusting 

from filtered tailings 

stack and from pond 

water quality 

Low toxicological risk 

associated with 

dusting from paste 

tailings and from pond 

water quality 

Moderate toxicological risk 

associated with dusting 

from filtered tailings stack, 

PAG rock dump and poor 

water quality in seepage 

collection pond 

downstream of PAG 

rock dump 

6 Minimal toxicological risks 5 3 4 2 

5 Minimal to low toxicological risks 

4 Low toxicological risk 

3 Low to moderate toxicological risk 

2 Moderate toxicological risks 

1 Moderate to high toxicological risks 

Notes:  

Dashes indicate qualitative value. 

IDF = Inflow design flood; PMF= Probable Maximum Flood 

HEWR = High Elevation Winter Range; HE= High Elevation; LE = Low Elevation 

PAG = Potentially Acid Generating; ML/ARD = metal leach and acid rock drainage  
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MAA LEDGER: SOCIO-ECONOMIC ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Current use of lands and resources for traditional purposes – Lhoosk’uz Dene Nation (LDN) 

Availability 

(abundance 

and 

distribution) of 

resources 

harvested by 

Indigenous 

groups  

Alternatives with lower 

potential to decrease 

the availability of 

resources harvested 

by Indigenous groups 

are preferred. 

Area and 

length (ha 

and km) 

Alternative overlaps with 

habitat of species 

harvested by LDN. 

Moose habitat total area 

= 190 ha.  

Caribou habitat total 

area = 1,132 ha.  

Loss of 17.1 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by LDN.  

Moose habitat total area = 

194 ha.  

Caribou habitat total area = 

1,169 ha.  

Loss of 19.8 km of 

known/assumed Rainbow 

Trout habitat; Loss of 

critical Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by LDN. 

Moose habitat total area 

= 191 ha.  

Caribou habitat total 

area = 975 ha.  

Loss of 17.0 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by LDN.  

Moose habitat total area 

= 70 ha.  

Caribou habitat total area 

= 631 ha.  

Loss of 14.7 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

6 No overlap with moose/caribou 

habitat or loss of fish habitat 

1 1 1 4 

5 No overlap with moose/caribou 

habitat or loss of < 15 km of 

Rainbow Trout habitat 

4 Overlaps < 750 ha of high quality 

moose / caribou habitat and 

< 15 km of Rainbow Trout habitat 

3 Overlaps < 750 ha of high quality 

moose / caribou habitat and 

> 15 km of Rainbow Trout habitat 

2 Overlaps > 750 ha of high quality 

moose / caribou habitat and 

< 15 km of Rainbow Trout habitat 

1 Overlaps > 750 ha of high quality 

moose / caribou habitat and 

> 15 km of Rainbow Trout habitat 

Quality of 

resources 

harvested by 

Indigenous 

groups 

Alternatives with lower 

potential to decrease 

the quality of resources 

harvested by 

Indigenous groups are 

preferred.  

- Alternative has minimal 

toxicological risk 

associated with dusting 

from TSF beaches and 

from pond water quality 

and associated seepage 

to downstream wetlands 

/ creeks that may affect 

the quality of resources 

harvested by LDN. 

Alternative has low to 

moderate toxicological risk 

associated with dusting 

from filtered tailings stack 

and from PAG pond water 

quality that has potential to 

affect the quality of 

resources harvested by 

LDN. 

Alternative has low 

toxicological risk 

associated with dusting 

from filtered tailings 

stack and from pond 

water quality that has 

potential to affect the 

quality of resources 

harvested by LDN. 

Alternative has moderate 

toxicological risk 

associated with dusting 

from filtered tailings 

stack, PAG rock dump 

and poor water quality in 

seepage collection pond 

downstream of PAG rock 

dump that has potential 

to affect the quality of 

resources harvested 

by LDN. 

6 Minimal toxicological risk from 

dusting and downstream water 

quality  

6 4 5 3 

5 Minimal to low toxicological risk 

from dusting and downstream 

water quality  

4 Low to moderate toxicological 

risk from dusting and 

downstream water quality  

3 Moderate toxicological risk from 

dusting and downstream water 

quality  

2 Moderate to high toxicological 

risk from dusting and downstream 

water quality  

1 High toxicological risk from dusting 

and downstream water quality  
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Quality of 

Indigenous 

harvesters' 

experience 

(based on 

noise effects) 

Alternatives with lower 

potential to decrease 

the quality of 

Indigenous harvesters' 

experiences are 

preferred. 

- Alternative has the 

potential to affect the 

quality of experience of 

LDN harvesters due to 

low noise generation 

from equipment and 

operations 

Alternative has the potential 

to affect the quality of 

experience of LDN 

harvesters due moderate 

levels of noise from 

equipment, trucks and 

operations 

Alternative has the 

potential to affect the 

quality of experience of 

LDN harvesters due to 

low levels of noise from 

equipment, trucks and 

operations  

Alternative has the 

potential to affect the 

quality of experience of 

LDN harvesters, 

moderate levels of noise 

from equipment, truck 

and operations 

6 Low dust potential and low noise 6 3 4 2 

5 Low dust potential and moderate 

noise 

4 Moderate dust potential and low 

noise 

3 Moderate dust potential and 

moderate noise 

2 High dust potential and 

moderate noise 

1 High dust potential and high noise 

Current Use of Lands and Resources for Traditional Purposes - Skin Tyee Nation (STN) 

Availability 

(abundance 

and distribution) 

of resources 

harvested by 

Indigenous 

groups 

Alternatives with lower 

potential to decrease 

the availability of 

resources harvested 

by Indigenous groups 

are preferred. 

Area and 

length (ha 

and km) 

Alternative overlaps with 

habitat of species 

harvested by STN.  

Moose habitat total area 

= 190 ha.  

Caribou habitat total 

area = 1,132 ha.  

Loss of 17.1 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by STN.  

Moose habitat total area = 

194 ha.  

Caribou habitat total area = 

1,169 ha.  

Loss of 19.8 km of 

known/assumed Rainbow 

Trout habitat; Loss of 

critical Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by STN.  

Moose habitat total area 

= 191 ha.  

Caribou habitat total 

area = 975 ha.  

Loss of 17.0 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by STN.  

Moose habitat total area 

= 70 ha.  

Caribou habitat total area 

= 631 ha.  

Loss of 14.7 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

6 No overlap with moose/caribou 

habitat or loss of fish habitat 

1 1 1 4 

5 No overlap with moose/caribou 

habitat or loss of < 15 km of 

Rainbow Trout habitat 

4 Overlaps < 750 ha of high quality 

moose / caribou habitat and 

< 15 km of Rainbow Trout habitat 

3 Overlaps < 750 ha of high quality 

moose / caribou habitat and 

> 15 km of Rainbow Trout habitat 

2 Overlaps > 750 ha of high quality 

moose / caribou habitat and 

< 15 km of Rainbow Trout habitat 

1 Overlaps > 750 ha of high quality 

moose / caribou habitat and 

> 15 km of Rainbow Trout habitat 

Quality of 

resources 

harvested by 

Indigenous 

groups 

Alternatives with lower 

potential to decrease 

the quality of resources 

harvested by 

Indigenous groups are 

preferred.  

- Alternative has minimal 

toxicological risk 

associated with dusting 

from TSF beaches and 

from pond water quality 

and associated seepage 

to downstream wetlands 

/ creeks that may affect 

the quality of resources 

harvested by STN. 

Alternative has low to 

moderate toxicological risk 

associated with dusting 

from filtered tailings stack 

and from PAG pond water 

quality that has potential to 

affect the quality of 

resources harvested 

by STN. 

Alternative has low 

toxicological risk 

associated with dusting 

from filtered tailings 

stack and from pond 

water quality that has 

potential to affect the 

quality of resources 

harvested by STN. 

Alternative has moderate 

toxicological risk 

associated with dusting 

from filtered tailings 

stack, PAG rock dump 

and poor water quality in 

seepage collection pond 

downstream of PAG rock 

dump that has potential 

to affect the quality of 

resources harvested 

by STN. 

6 Minimal toxicological risk from 

dusting and downstream water 

quality  

6 4 5 3 

5 Minimal to low toxicological risk 

from dusting and downstream 

water quality  

4 Low to moderate toxicological 

risk from dusting and downstream 

water quality  

3 Moderate toxicological risk from 

dusting and downstream water 

quality  

2 Moderate to high toxicological 

risk from dusting and downstream 

water quality  

1 High toxicological risk from dusting 

and downstream water quality  
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Quality of 

Indigenous 

harvesters' 

experience 

based on noise 

effects) 

Alternatives with lower 

potential to decrease 

the quality of 

Indigenous harvesters' 

experiences are 

preferred.  

- Alternative has the 

potential to affect the 

quality of experience of 

STN harvesters due to 

potential low levels of 

noise generation from 

equipment and 

operations 

Alternative has the potential 

to affect the quality of 

experience of STN 

harvesters due to moderate 

levels of noise from 

equipment, trucks and 

operations 

Alternative has the 

potential to affect the 

quality of experience of 

STN harvesters due to 

moderate potential for 

low levels of noise from 

equipment, trucks and 

operations  

Alternative has the 

potential to affect the 

quality of experience of 

STN harvesters due to 

high potential for 

moderate levels of noise 

from equipment, truck 

and operations 

6 Low dust potential and low noise 6 3 4 2 

5 Low dust potential and moderate 

noise 

4 Moderate dust potential and low 

noise 

3 Moderate dust potential and 

moderate noise 

2 High dust potential and 

moderate noise 

1 High dust potential and high noise 

Current Use of Lands and Resources for Traditional Purposes - Ulkatcho First Nation (UFN) 

Availability 

(abundance 

and 

distribution) of 

resources 

harvested by 

Indigenous 

groups  

Alternatives with lower 

potential to decrease 

the availability of 

resources harvested 

by Indigenous groups 

are preferred. 

Area and 

length (ha 

and km) 

Alternative overlaps with 

habitat of species 

harvested by UFN.  

Moose habitat total area 

= 190 ha.  

Caribou habitat total 

area = 1,132 ha.  

Loss of 17.1 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by UFN.  

Moose habitat total area = 

194 ha.  

Caribou habitat total area = 

1,169 ha.  

Loss of 19.8 km of 

known/assumed Rainbow 

Trout habitat; Loss of 

critical Rainbow Trout 

spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by UFN.  

Moose habitat total area 

= 191 ha.  

Caribou habitat total 

area = 975 ha.  

Loss of 17.0 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

Alternative overlaps with 

habitat of species 

harvested by UFN.  

Moose habitat total area 

= 70 ha.  

Caribou habitat total area 

= 631 ha.  

Loss of 14.7 km of 

known/assumed 

Rainbow Trout habitat; 

Loss of critical Rainbow 

Trout spawning habitat 

downstream of Lake 

01682LNRS. 

6 No overlap with moose/caribou 

habitat or loss of fish habitat 

1 1 1 4 

5 No overlap with moose/caribou 

habitat or loss of < 15 km of 

Rainbow Trout habitat 

4 Overlaps < 750 ha of high quality 

moose / caribou habitat and 

< 15 km of Rainbow Trout habitat 

3 Overlaps < 750 ha of high quality 

moose / caribou habitat and 

> 15 km of Rainbow Trout habitat 

2 Overlaps > 750 ha of high quality 

moose / caribou habitat and 

< 15 km of Rainbow Trout habitat 

1 Overlaps > 750 ha of high quality 

moose / caribou habitat and 

> 15 km of Rainbow Trout habitat 

Quality of 

resources 

harvested by 

Indigenous 

groups 

Alternatives with lower 

potential to decrease 

the quality of resources 

harvested by 

Indigenous groups are 

preferred. 

- Alternative has minimal 

toxicological risk 

associated with dusting 

from TSF beaches and 

from pond water quality 

and associated seepage 

to downstream wetlands 

/ creeks that may affect 

the quality of resources 

harvested by UFN. 

Alternative has low to 

moderate toxicological risk 

associated with dusting 

from filtered tailings stack 

and from PAG pond water 

quality that has potential to 

affect the quality of 

resources harvested 

by UFN. 

Alternative has low 

toxicological risk 

associated with dusting 

from filtered tailings 

stack and from pond 

water quality that has 

potential to affect the 

quality of resources 

harvested by UFN. 

Alternative has moderate 

toxicological risk 

associated with dusting 

from filtered tailings 

stack, PAG rock dump 

and poor water quality in 

seepage collection pond 

downstream of PAG rock 

dump that has potential 

to affect the quality of 

resources harvested 

by UFN. 

6 Minimal toxicological risk from 

dusting and downstream water 

quality  

6 4 5 3 

5 Minimal to low toxicological risk 

from dusting and downstream 

water quality  

4 Low to moderate toxicological 

risk from dusting and downstream 

water quality  

3 Moderate toxicological risk from 

dusting and downstream water 

quality  

2 Moderate to high toxicological 

risk from dusting and downstream 

water quality  

1 High toxicological risk from dusting 

and downstream water quality  
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Quality of 

Indigenous 

harvesters' 

experience 

based on noise 

effects) 

Alternatives with lower 

potential to decrease 

the quality of 

Indigenous harvesters' 

experiences are 

preferred.  

- Alternative has the 

potential to affect the 

quality of experience of 

UFN harvesters due to 

potential low noise 

generation from 

equipment and 

operations 

Alternative has the potential 

to affect the quality of 

experience of UFN 

harvesters due to moderate 

levels of noise from 

equipment, trucks and 

operations 

Alternative has the 

potential to affect the 

quality of experience of 

UFN harvesters due to 

low levels of noise from 

equipment, trucks and 

operations  

Alternative has the 

potential to affect the 

quality of experience of 

UFN harvesters due 

moderate levels of noise 

from equipment, truck 

and operations 

6 Low dust potential and low noise 6 3 4 2 

5 Low dust potential and moderate 

noise 

4 Moderate dust potential and low 

noise 

3 Moderate dust potential and 

moderate noise 

2 High dust potential and 

moderate noise 

1 High dust potential and high noise 

Non-traditional Land-use 

Registered 

traplines 

 Alternatives that 

overlap trapline 

tenures may affect 

access to and use of 

tenure  

Project 

overlap of 

tenure area 

(%) 

804 ha (3.0% of Tenure 

TR0512T027); 331 ha 

(0.4% of Tenure 

TR0601T003) 

1,238 ha (3.3% of Tenure 

TR0512T027); 267 ha 

(0.3% of Tenure 

TR0601T003) 

960 ha (2.5% of Tenure 

TR0512T027); 351 ha 

(0.3% of Tenure 

TR0601T003) 

1,038 ha (2.7% of Tenure 

TR0512T027) 

6 No overlap with a trapline tenure 2 2 2 4 

5 0 - 2% overlap of one trapline 

tenure 

4 2 - 4% overlap of one trapline 

tenure 

3 0 - 2% overlap of two trapline 

tenure 

2 2 - 4% overlap of two trapline 

tenure 

1 > 4% overlap of more than two 

trapline tenure 

Agriculture and 

range tenures 

Alternatives that do not 

overlap agriculture or 

range tenures are 

preferred as they will 

not affect access to 

and use of tenure 

Project 

overlap of 

tenure area 

(%) 

173 ha (0.8% of Tenure 

RAN075154) 

214 ha (0.7% of Tenure 

RAN075154) 

248 ha (0.8% of Tenure 

RAN075154) 

0 ha 6 No overlap with an agricultural or 

range tenure 

4 4 4 6 

5 < 0.5% overlap of one tenure 

4 0.5 - 1% overlap of tenure 

3 1 - 2% overlap of one tenure 

2 2 - 5% overlap of one tenure 

1 Overlap with more than one 

tenure 
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Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Public Recreation 

Overlap of 

areas with 

recreational 

sensitivity and 

significance 

 Alternatives that are 

not located in areas 

with high recreational 

values that may affect 

public use are 

preferred 

Project 

overlap of 

recreational 

areas (ha) 

Total: 1,060 ha 

(1,060 ha Moderate 

Sensitivity/Moderate 

Significance and 0 ha in 

Moderate Significance/ 

High Sensitivity) 

Total: 1,021 ha 

(978 ha in Moderate 

Sensitivity/Moderate 

Significance) and 43 ha in 

Moderate Significance/ 

High Sensitivity) 

Total: 1,021 ha 

(1,021 ha Moderate 

Sensitivity/Moderate 

Significance and 0 ha in 

Moderate Significance/ 

High Sensitivity) 

Total: 488 ha 

(376 ha in Moderate 

Sensitivity/Moderate 

Significance and 112 ha 

in Moderate Significance 

/ High Sensitivity) 

6 0 ha Moderate Significance/ 

High Sensitivity overlap 

6 4 6 2 

5 > 0 and ≤ 35 ha Moderate 

Significance/High Sensitivity 

overlap 

4 > 35 and ≤ 60 ha Moderate 

Significance/High Sensitivity 

overlap 

3 > 60 and ≤ 85 ha Moderate 

Significance/High Sensitivity 

overlap 

2 > 85 and ≤ 115 ha Moderate 

Significance/High Sensitivity 

overlap 

1 ≥ 115 ha Moderate Significance/

High Sensitivity overlap 

Human Health 

Potential 

health risks  

Alternatives with less 

human health risks 

(e.g., air quality from 

dust deposition, water 

quality from ML/ARD 

and to country foods 

from both dust and 

poor quality water) are 

preferred.  

- Minimal to low potential 

human health risks. 

Minimal potential for 

dust inhalation, effects 

of dust deposition on 

country foods and 

drinking water quality as 

tailings and waste rock 

remain saturated, 

reducing dusting and 

ML/ARD risk.  

Low to moderate potential 

human health risks. Low 

risk from dust inhalation 

and to country foods 

provided tailings are 

reclaimed progressively. 

PAG rock is submerged 

reduces ML/ARD risk but 

filtered tailings have some 

ML/ARD risk that may 

affect downstream drinking 

water quality.  

Low potential human 

health risks. Low risk 

from dust inhalation and 

to country foods because 

of low dusting potential 

because of paste tailings 

moisture content, 

non-segregating and 

crust forming properties. 

PAG rock is 

co-disposed with tailings 

reducing ML/ARD risk 

but small ML/ARD risk 

of paste tailings 

affecting downstream 

drinking water quality. 

Moderate potential for 

human health risks. 

Moderate potential for 

dust inhalation from 

filtered tailings and waste 

rock (mine camp is 

downwind of). Any 

unrecovered ML/ARD 

from PAG waste 

increases risk of 

downstream water quality 

effects and to 

downstream fisheries. 

6 Minimal to low risk to air quality, 

drinking water quality and 

country foods 

6 4 5 2 

5 Low risk to air quality, drinking 

water quality and country foods 

4 Low to moderate risk to air 

quality, drinking water quality 

and country foods 

3 Moderate risk to air quality, 

drinking water quality and 

country foods 

2 Moderate to high risk to air 

quality, drinking water quality 

and country foods 

1 High risk to air quality, drinking 

water quality and country foods 

Employment 

Employment 

opportunities 

Alternatives that have 

more employment 

opportunities for local 

communities are 

preferred 

People 

employed 

(#) 

Estimated to employ 

between 550 and 

600 people 

Estimated to employ 

between 600 and 650 

people based on additional 

staff for dam construction 

and filter tailings placement  

Estimated to employ 

between 550 and 

600 people 

Estimated to employ 

between 600 and 

650 people based on 

additional staff for filter 

tailings placement  

6 More than 650 people 2 4 2 4 

5  

4 Between 600 - 650 people 

3  

2 Between 550 - 600 people 

1  

Note: Dashes indicate qualitative value.  
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MAA LEDGER: ECONOMIC ACCOUNT 

Indicator Rationale Parameter 

(Unit) 

Candidate 1 Candidate 7 Candidate 10 Candidate 22 Scale Candidate 1 Candidate 7 Candidate 10 Candidate 22 

Proponent Costs 

Initial capital 

cost 

Options with 

lower costs 

are preferred. 

Cost ($) Less than $100 M  High capital cost due 

to filters and tailings 

conveyance / 

deposition equipment: 

$175 M - $200 M 

Low capital cost: 

$100 M - $124 M 

High capital cost due to 

filters and tailings 

conveyance / 

deposition equipment: 

$150 M - $174 M 

6 < $100 M 6 2 5 3 

5 ≥ $100 and < $125 M 

4 ≥ $125 and < $150 M 

3 ≥ $150 and < $175 M 

2 ≥ $175 and < $200 M 

1 > $200 M 

Sustaining 

capital and 

operating 

costs 

Options with 

lower costs 

are preferred. 

Cost ($) Sustaining capital 

and operating costs:  

$175 M - $349 M 

Very high sustaining 

capital and operating 

costs: > $875 M 

Low sustaining 

capital and operating 

costs: 

$175 M - $349 M 

Very high sustaining 

capital and operating 

costs: > $875 M 

6 < $175 M 5 1 5 1 

5 ≥ $175 and < $350 M 

4 ≥ $350 and < $525 M 

3 ≥ $525 and < $700 M 

2 ≥ $700 and < $875 M 

1 > $875 M 

Closure costs Options with 

lower costs 

are preferred. 

Cost ($) Low to moderate 

closure cost:  

$50 M - $74 M 

High closure cost:  

$100 M - $125 M 

Moderate closure 

cost: 

$75 M - $99M 

Very high closure cost: 

>$125 M 

6 < $25 M 4 2 3 1 

5 ≥ $25 and < $50 M 

4 ≥ $50 and < $75 M 

3 ≥ $75 and < $100 M 

2 ≥ $100 and < $125 M 

1 > $125 M 

Post-closure 

costs 

Options with 

minimal to 

no active 

management 

are preferred. 

- Low post-closure 

costs: long-term 

active management/ 

maintenance 

anticipated for the 

single TSF facility; 

normal confirmatory 

post-closure 

monitoring with 

periodic inspections 

High post-closure 

costs: long-term active 

management/mainten

ance anticipated for 

two facilities (TSF and 

WRSF); one surface 

PAG facility likely 

requiring aggressive 

water treatment; site-

wide water quality 

monitoring with 

variances requiring 

correction expected.  

Moderate post-

closure costs: long-

term active 

management/ 

maintenance 

anticipated for a 

single TSF facility; 

site-wide water 

quality monitoring 

with variances 

requiring correction 

expected.  

Very high post-closure 

costs: long-term 

active management/ 

maintenance anticipated 

for two facilities 

(TSF and WRSF); 

two surface PAG 

facilities requiring 

aggressive water 

treatment; site-wide 

water quality monitoring 

with variances requiring 

correction expected. 

6 Minimal to low costs associated with minimal to no 

active management, periodic inspections 
5 2 3 1 

5 Low costs associated with minor active management, 

of a single facility periodic inspections 

4 Low to Moderate costs associated with active 

management required for a single facility with site 

wide water quality monitoring required 

3 Moderate costs associated with active management 

required for a single facility, long-term water 

treatment for a single facility, site wide water quality 

monitoring and adjustments to closure plan to 

correct variances 

2 High costs associated with active management 

required for two facilities, long-term water treatment 

for a single facility, site wide water quality 

monitoring and adjustments to closure plan to 

correct variances 

1 Very high costs associated with active management/ 

maintenance required for two facilities, long-term 

water treatment for a single facility, site wide water 

quality monitoring and adjustments to closure plan 

to correct variances 

Notes: Dashes indicate qualitative value. 

M = Million; TSF = Tailings Storage Facility; WRSF = Waste Rock Storage Facility 
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APPENDIX G QUANTITATIVE ANALYSIS – BASE CASE AND SENSITIVITY 
SCENARIOS 

Appendix G-1 Quantitative Analysis – Base Case  

Appendix G-2 Quantitative Analysis – Sensitivity 1: All Accounts Given Equal Weighting 

Appendix G-3 Quantitative Analysis – Sensitivity 2: All Accounts and Sub-accounts Given 
Equal Weighting 

Appendix G-4 Quantitative Analysis – Sensitivity 3: Economic Account Weighted towards 
Contribution to Net Present Value (NPV) 

Appendix G-5 Quantitative Analysis – Sensitivity 4: Economic Account Removed from 
the Analysis 

Appendix G-6 Quantitative Analysis – Sensitivity 5: Physical Stability Incorporated into 
Technical Account 

Appendix G-7 Quantitative Analysis – Sensitivity 6: Only Current Use of Lands and Resources 
for Traditional Purposes Considered 

Appendix G-8 Quantitative Analysis – Sensitivity 7: Only the Physical Stability Account 
Is Considered 

Appendix G-9 Quantitative Analysis – Sensitivity 8: Only the Technical Account Is Considered 

Appendix G-10 Quantitative Analysis – Sensitivity 9: Only the Environment Account 
Is Considered 

Appendix G-11 Quantitative Analysis – Sensitivity 10: Only the Socio-economic Account 
Is Considered 

Appendix G-12 Quantitative Analysis – Sensitivity 11: Only the Economic Account Is Considered 

  



Attachment G-1: Quantitative Analysis – Base Case 

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88
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Attachment G-1: Quantitative Analysis – Base Case BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Attachment G-1: Quantitative Analysis – Base Case BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86

Quantitative analysis for indicators related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-1: Quantitative Analysis – Base Case BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91

So
ci

o-
ec

on
om

ic

Current Use of Lands for Traditional Purposes – LDN
Current Use of Lands and Resources for Traditional Purposes – STN
Current Use of Lands and Resources for Traditional Purposes – UFN

Non-traditional Land-use
Public Recreation

Human Health
Employment

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Quantitative analysis for sub-accounts related to Socio-economical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Indicator 
Merit Score 

(S × W)

So
ci

o-
ec

on
om

ic

Current Use of 
Lands for 
Traditional 

Purposes – LDN

Current Use of 
Lands and 

Resources for 
Traditional 

Purposes – STN

Current Use of 
Lands and 

Resources for 
Traditional 

Purposes – UFN

Non-traditional 
Land-use

Public Recreation

Human Health

Employment

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Quantitative analysis for indicators related to Socio-economical Account Alternative-A Alternative-B Alternative-C Alternative-D

Page 4 of 5



Attachment G-1: Quantitative Analysis – Base Case BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25
3 4.36 13.08 2.86 8.57 3.48 10.44 2.72 8.15
6 3.43 20.58 2.68 16.08 3.16 18.93 2.86 17.14
3 4.74 14.21 3.34 10.03 3.92 11.75 2.91 8.73

1.5 5.00 7.50 1.75 2.63 4.00 6.00 1.50 2.25
Alternative merit score (Σ{Ra × W}) 78.76 56.35 65.58 65.52

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.04 2.89 3.36 3.36
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Attachment G-2: Quantitative Analysis – Sensitivity 1: All Accounts Given Equal Weighting

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88
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Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-2: Quantitative Analysis – Sensitivity 1: All Accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Attachment G-2: Quantitative Analysis – Sensitivity 1: All Accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86

Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
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 (S)
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(S × W)

Indicator 
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 (S)

Indicator 
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(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Surface Water Flow
Surface Water Quality

Groundwater
Terrain and Soils

Fish, Fish Habitat, and Aquatic Resources

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Terrestrial Ecosystems

Climate and Air Quality

En
vi

ro
nm

en
t

Wildlife

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Quantitative analysis for sub-accounts related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D
Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

En
vi
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t

Climate and Air 
Quality

Surface Water 
Flow

Surface Water 
Quality

Groundwater

Terrain and Soils

Fish, Fish Habitat, 
and Aquatic 
Resources

Terrestrial 
Ecosystems

Wildlife

Quantitative analysis for indicators related to Environment Account
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Attachment G-2: Quantitative Analysis – Sensitivity 1: All Accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91

Account Sub-account Sub-account Weight (W)

Current Use of Lands for Traditional Purposes – LDN
Current Use of Lands and Resources for Traditional Purposes – STN
Current Use of Lands and Resources for Traditional Purposes – UFN

Non-traditional Land-use
Public Recreation

Human Health
Employment

So
ci

o-
ec

on
om

ic
Quantitative analysis for indicators related to Socio-economical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Indicator 

Value
 (S)
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Indicator 
Value
 (S)
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Indicator 
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 (S)
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Merit Score 

(S × W)

Alternative-D
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(Rs × W)
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Purposes – LDN

Current Use of 
Lands and 

Resources for 
Traditional 

Purposes – STN

Current Use of 
Lands and 

Resources for 
Traditional 

Purposes – UFN

Non-traditional 
Land-use

Public Recreation

Human Health

Employment

Quantitative analysis for sub-accounts related to Socio-economical Account Alternative-A Alternative-B Alternative-C
Sub-account 
Merit Score 

(Rs × W)
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Attachment G-2: Quantitative Analysis – Sensitivity 1: All Accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88
1 4.36 4.36 2.86 2.86 3.48 3.48 2.72 2.72
1 3.43 3.43 2.68 2.68 3.16 3.16 2.86 2.86
1 4.74 4.74 3.34 3.34 3.92 3.92 2.91 2.91
1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Alternative merit score (Σ{Ra × W}) 21.42 13.80 17.63 14.86
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.28 2.76 3.53 2.97

Economic

Ec
on

om
ic

Quantitative analysis for sub-accounts related to Economical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Physical Stability
Technical

Environment
Socio-economic

Quantitative analysis for accounts

Quantitative analysis for indicators related to Economical Account Alternative-A Alternative-B Alternative-C Alternative-D

Proponent Costs

Candidate 1 Candidate 7 Candidate 10 Candidate 22

Account Account Weight (W)
Account 

Merit Rating 
(Ra)

Account 
Merit Score 

(Ra × W)

Account 
Merit Rating 

(Ra)

Account 
Merit Score 

(Ra × W)

Account 
Merit Rating 

(Ra)

Account 
Merit Score 

(Ra × W)

Account 
Merit Rating 

(Ra)

Account 
Merit Score 

(Ra × W)

Ec
on

om
ic

Account Sub-account ID Indicator Indicator Weight (W)

Proponent Costs

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Page 5 of 5



Attachment G-3: Quantitative Analysis – Sensitivity 2: All Accounts and Sub-accounts Given Equal Weighting

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Indicator Weight (W)
Indicator 

Value
 (S)

BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Physical Stability Account Candidate 1 Candidate 7 Candidate 10 Candidate 22
Indicator 

Merit Score 
(S × W)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Account Sub-account ID Indicator
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Attachment G-3: Quantitative Analysis – Sensitivity 2: All Accounts and Sub-accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

1 3.93 3.93 3.70 3.70 3.96 3.96 3.26 3.26
1 3.46 3.46 2.77 2.77 3.23 3.23 3.31 3.31
1 4.61 4.61 3.00 3.00 4.07 4.07 2.54 2.54
1 4.85 4.85 2.38 2.38 2.92 2.92 2.50 2.50
1 4.65 4.65 2.39 2.39 3.13 3.13 2.17 2.17

Account merit score (Σ{Rs × W}) 21.49 14.25 17.32 13.78
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.30 2.85 3.46 2.76

Te
ch
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Containment Design
Construction Requirements

Water Management
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Design
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Water 
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Execution
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Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)
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Quantitative analysis for sub-accounts related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account Sub-account Weight (W)
Sub-account 
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(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
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(Rs)

Sub-account 
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Sub-account 
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(Rs × W)

Quantitative analysis for indicators related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 
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 (S)

Indicator 
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(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)
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Attachment G-3: Quantitative Analysis – Sensitivity 2: All Accounts and Sub-accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

1 5.00 5.00 3.30 3.30 4.20 4.20 1.80 1.80
1 1.00 1.00 4.00 4.00 1.00 1.00 5.00 5.00
1 4.27 4.27 2.64 2.64 3.00 3.00 2.18 2.18
1 4.63 4.63 3.00 3.00 3.25 3.25 2.50 2.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
1 3.11 3.11 2.00 2.00 3.00 3.00 3.89 3.89
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
1 3.43 3.43 2.48 2.48 3.10 3.10 3.05 3.05

Account merit score (Σ{Rs × W}) 27.44 21.41 27.55 20.42
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.44 2.55

Quantitative analysis for indicators related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-3: Quantitative Analysis – Sensitivity 2: All Accounts and Sub-accounts Given Equal Weighting BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

1 4.85 4.85 3.00 3.00 3.77 3.77 2.92 2.92
1 4.85 4.85 3.00 3.00 3.77 3.77 2.92 2.92
1 4.85 4.85 3.00 3.00 3.77 3.77 2.92 2.92
1 2.80 2.80 2.80 2.80 2.80 2.80 4.80 4.80
1 6.00 6.00 4.00 4.00 6.00 6.00 2.00 2.00
1 6.00 6.00 4.00 4.00 5.00 5.00 2.00 2.00
1 2.00 2.00 4.00 4.00 2.00 2.00 4.00 4.00

Account merit score (Σ{Rs × W}) 31.34 23.80 27.11 21.57
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.48 3.40 3.87 3.08

Current Use of Lands for Traditional Purposes – LDN
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Attachment G-3: Quantitative Analysis – Sensitivity 2: All Accounts and Sub-accounts Given Equal Weighting BLACKWATER GOLD PROJECT

Proponent Costs 1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25
3 4.30 12.90 2.85 8.55 3.46 10.39 2.76 8.27
6 3.43 20.58 2.68 16.06 3.44 20.66 2.55 15.31
3 4.48 13.43 3.40 10.20 3.87 11.62 3.08 9.24

1.5 5.00 7.50 1.75 2.63 4.00 6.00 1.50 2.25
Alternative merit score (Σ{Ra × W}) 77.80 56.48 67.12 64.32

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 3.99 2.90 3.44 3.30

Economic
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Value
 (S)
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Indicator 
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 (S)
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Quantitative analysis for sub-accounts related to Economical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Quantitative analysis for accounts
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Candidate 1 Candidate 7 Candidate 10 Candidate 22
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Attachment G-4: Quantitative Analysis – Sensitivity 3: Economic Account Weighted towards Contribution to Net Present Value (NPV)

1 Location of water storage 6 3 18 2 12 2 12 5 30

1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30

1 Normal operating pond volume 6 5 30 1 6 1 6 6 36

1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6

1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24

1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9

1 Tailings density 5 3 15 5 25 3 15 5 25

1 Maximum dam height 4 1 4 3 12 2 8 5 20

1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195

Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D
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BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Physical Stability Account Candidate 1 Candidate 7 Candidate 10 Candidate 22
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Attachment G-4: Quantitative Analysis – Sensitivity 3: Economic Account Weighted towards Contribution to Net Present Value (NPV)
BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18

1 Number of dams 5 2 10 5 25 3 15 6 30

1 Construction volumes 3 1 3 3 9 2 6 5 15

1 Tailings initial settled density 1 1 1 5 5 1 1 5 5

1 Drainage provisions 4 5 20 2 8 4 16 1 4

1 Seepage management - physical 3 4 12 3 9 3 9 2 6

1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88

Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12

2 Tailings infrastructure 4 4 16 2 8 3 12 2 8

2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6

2 Initial dam construction 6 3 18 2 12 2 12 6 36

2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86

Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15

3 Flood routing 4 6 24 4 16 6 24 2 8

3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12

3 Water recycle requirement 2 2 4 5 10 4 8 5 10

3 Water treatment 4 4 16 2 8 4 16 2 8

3 Surplus water management 5 5 25 2 10 4 20 2 10

3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71

Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4

4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4

4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12

4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15

4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20

4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30

5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5

5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4

5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5

5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2

5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50

Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56

4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23

6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21

6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00

6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Quantitative analysis for indicators related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-4: Quantitative Analysis – Sensitivity 3: Economic Account Weighted towards Contribution to Net Present Value (NPV)
BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6

1 Dust emissions 5 5 25 3 15 4 20 2 10

1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18

Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5

Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00

3 Storage of PAG material 6 6 36 3 18 4 24 1 6

3 Seepage quantity 3 3 9 1 3 1 3 2 6

3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24

Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5

4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20

Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1

Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00

6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3

6 Stream length affected 2 2 4 1 2 2 4 4 8

6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35

Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1

Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00

8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12

8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24

8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8

8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12

8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64

Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40

4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00

6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09

3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50

1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00

6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33

3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00

5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86

Quantitative analysis for indicators related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-4: Quantitative Analysis – Sensitivity 3: Economic Account Weighted towards Contribution to Net Present Value (NPV)
BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12

1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18

1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12

2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18

2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12

3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18

3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12

4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24

Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2

Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00

6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4

Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60

2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00

6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00

3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91

Current Use of Lands for Traditional Purposes – LDN

S
o

ci
o

-e
co

n
o

m
ic

Human Health
Employment

Current Use of Lands and Resources for Traditional Purposes – STN
Current Use of Lands and Resources for Traditional Purposes – UFN

Non-traditional Land-use
Public Recreation

Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)
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Attachment G-4: Quantitative Analysis – Sensitivity 3: Economic Account Weighted towards Contribution to Net Present Value (NPV)
BLACKWATER GOLD PROJECT

Proponent Costs 1 Initial capital cost 6 6 36 2 12 5 30 3 18

1 Sustaining capital and operating costs 4 5 20 1 4 5 20 1 4

1 Closure costs 2 4 8 2 4 3 6 1 2

1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 69 22 59 25

Sub-account merit rating (RS=∑(SxW)/∑W) 5.31 1.69 4.54 1.92

1 5.31 5.31 1.69 1.69 4.54 4.54 1.92 1.92

Account merit score (Σ{Rs × W}) 5.31 1.69 4.54 1.92

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.31 1.69 4.54 1.92

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25

3 4.36 13.08 2.86 8.57 3.48 10.44 2.72 8.15

6 3.43 20.58 2.68 16.08 3.16 18.93 2.86 17.14

3 4.74 14.21 3.34 10.03 3.92 11.75 2.91 8.73

1.5 5.31 7.96 1.69 2.54 4.54 6.81 1.92 2.88

Alternative merit score (Σ{Ra × W}) 79.22 56.26 66.39 66.15

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.06 2.89 3.40 3.39
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Attachment G-5: Quantitative Analysis – Sensitivity 4: Economic Account Removed from the Analysis

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D
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(Rs × W)

Indicator Weight (W)
Indicator 

Value
 (S)

BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Physical Stability Account Candidate 1 Candidate 7 Candidate 10 Candidate 22
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Attachment G-5: Quantitative Analysis – Sensitivity 4: Economic Account Removed from the Analysis BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Quantitative analysis for sub-accounts related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account Sub-account Weight (W)
Sub-account 
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(Rs)

Sub-account 
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(Rs × W)

Sub-account 
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(Rs)
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Merit Rating 
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(Rs × W)

Quantitative analysis for indicators related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
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(S × W)
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Value
 (S)
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(S × W)

Indicator 
Value
 (S)
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(S × W)

Indicator 
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 (S)

Indicator 
Merit Score 

(S × W)
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Attachment G-5: Quantitative Analysis – Sensitivity 4: Economic Account Removed from the Analysis BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86
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Attachment G-5: Quantitative Analysis – Sensitivity 4: Economic Account Removed from the Analysis BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91
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Attachment G-5: Quantitative Analysis – Sensitivity 4: Economic Account Removed from the Analysis BLACKWATER GOLD PROJECT

Proponent Costs 1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25
3 4.36 13.08 2.86 8.57 3.48 10.44 2.72 8.15
6 3.43 20.58 2.68 16.08 3.16 18.93 2.86 17.14
3 4.74 14.21 3.34 10.03 3.92 11.75 2.91 8.73

5.00 0.00 1.75 0.00 4.00 0.00 1.50 0.00
Alternative merit score (Σ{Ra × W}) 71.26 53.73 59.58 63.27

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 3.96 2.98 3.31 3.51
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Attachment G-6: Quantitative Analysis – Sensitivity 5: Physical Stability Incorporated into Technical Account

1 Style of containment 6 5 30 4 24 5 30 3 18

1 Number of dams 5 2 10 5 25 3 15 6 30

1 Construction volumes 3 1 3 3 9 2 6 5 15

1 Tailings initial settled density 1 1 1 5 5 1 1 5 5

1 Drainage provisions 4 5 20 2 8 4 16 1 4

1 Seepage management - physical 3 4 12 3 9 3 9 2 6

1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88

Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12

2 Tailings infrastructure 4 4 16 2 8 3 12 2 8

2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6

2 Initial dam construction 6 3 18 2 12 2 12 6 36

2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86

Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15

3 Flood routing 4 6 24 4 16 6 24 2 8

3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12

3 Water recycle requirement 2 2 4 5 10 4 8 5 10

3 Water treatment 4 4 16 2 8 4 16 2 8

3 Surplus water management 5 5 25 2 10 4 20 2 10

3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71

Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4

4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4

4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12

4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15

4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20

4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30

5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5

5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4

5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5

5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2

5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50

Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 Location of water storage 6 3 18 2 12 2 12 5 30

6 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30

6 Normal operating pond volume 6 5 30 1 6 1 6 6 36

6 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6

6 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24

6 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9

6 Tailings density 5 3 15 5 25 3 15 5 25

6 Maximum dam height 4 1 4 3 12 2 8 5 20

6 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195

Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88
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Attachment G-6: Quantitative Analysis – Sensitivity 5: Physical Stability Incorporated into Technical Account
BLACKWATER GOLD PROJECT

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56

4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23

6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21

6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00

6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25

Account merit score (Σ{Rs × W}) 145.43 99.00 115.90 105.29

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.28 2.91 3.41 3.10

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6

1 Dust emissions 5 5 25 3 15 4 20 2 10

1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18

Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5

Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00

3 Storage of PAG material 6 6 36 3 18 4 24 1 6

3 Seepage quantity 3 3 9 1 3 1 3 2 6

3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24

Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5

4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20

Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1

Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00

6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3

6 Stream length affected 2 2 4 1 2 2 4 4 8

6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35

Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1

Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00

8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12

8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24

8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8

8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12

8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64

Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

Account
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Ecosystems
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Indicator 
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 (S)

Indicator 
Merit Score 

(S × W)
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Quantitative analysis for sub-accounts related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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(Rs × W)
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(Rs)
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Merit Score 

(Rs × W)
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Merit Rating 

(Rs)
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Merit Score 

(Rs × W)
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Quantitative analysis for indicators related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D

Execution

Physical Stability

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 
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Attachment G-6: Quantitative Analysis – Sensitivity 5: Physical Stability Incorporated into Technical Account
BLACKWATER GOLD PROJECT

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40

4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00

6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09

3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50

1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00

6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33

3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00

5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12

1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18

1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12

2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18

2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12

3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18

3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38

Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12

4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24

Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2

Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00

6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4

Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

Quantitative analysis for sub-accounts related to Environment Account
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Account Sub-account Sub-account Weight (W)
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(Rs)
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Merit Score 

(Rs × W)
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Fish, Fish Habitat, and Aquatic Resources
Terrestrial Ecosystems

Quantitative analysis for indicators related to Socio-economical Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account ID Indicator Indicator Weight (W)
Indicator 

Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)
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(S × W)
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 (S)
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Merit Score 

(S × W)
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Attachment G-6: Quantitative Analysis – Sensitivity 5: Physical Stability Incorporated into Technical Account
BLACKWATER GOLD PROJECT

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60

2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00

6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00

3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91

Proponent Costs 1 Initial capital cost 1 6 6 2 2 5 5 3 3

1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1

1 Closure costs 1 4 4 2 2 3 3 1 1

1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6

Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50

Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

3.90 0.00 3.18 0.00 3.08 0.00 4.88 0.00

3 4.28 12.83 2.91 8.74 3.41 10.23 3.10 9.29

6 3.43 20.58 2.68 16.08 3.16 18.93 2.86 17.14

3 4.74 14.21 3.34 10.03 3.92 11.75 2.91 8.73

1.5 5.00 7.50 1.75 2.63 4.00 6.00 1.50 2.25

Alternative merit score (Σ{Ra × W}) 55.12 37.47 46.91 37.41

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.08 2.78 3.48 2.77

Economic

Current Use of Lands and Resources for Traditional Purposes – STN
Current Use of Lands and Resources for Traditional Purposes – UFN

Non-traditional Land-use
Public Recreation

Human Health
Employment

Technical

Environment
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Quantitative analysis for sub-accounts related to Socio-economical Account
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Quantitative analysis for indicators related to Economical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-7: Quantitative Analysis – Sensitivity 6: Only Current Use of Lands and Resources for Traditional Purposes Considered

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D

Account Sub-account Sub-account Weight (W)
Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)
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Merit Rating 

(Rs)
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Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Indicator Weight (W)
Indicator 

Value
 (S)

BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Physical Stability Account Candidate 1 Candidate 7 Candidate 10 Candidate 22
Indicator 

Merit Score 
(S × W)

Indicator 
Merit Score 

(S × W)

Indicator 
Value
 (S)

Indicator 
Merit Score 

(S × W)

Indicator 
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Indicator 
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Attachment G-7: Quantitative Analysis – Sensitivity 6: Only Current Use of Lands and Resources for Traditional Purposes Considered BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Quantitative analysis for sub-accounts related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Quantitative analysis for indicators related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-7: Quantitative Analysis – Sensitivity 6: Only Current Use of Lands and Resources for Traditional Purposes Considered BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86

Quantitative analysis for indicators related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-7: Quantitative Analysis – Sensitivity 6: Only Current Use of Lands and Resources for Traditional Purposes Considered BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54

2.80 0.00 2.80 0.00 2.80 0.00 4.80 0.00
6.00 0.00 4.00 0.00 6.00 0.00 2.00 0.00
6.00 0.00 4.00 0.00 5.00 0.00 2.00 0.00
2.00 0.00 4.00 0.00 2.00 0.00 4.00 0.00

Account merit score (Σ{Rs × W}) 87.23 54.00 67.85 52.62
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.85 3.00 3.77 2.92
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Attachment G-7: Quantitative Analysis – Sensitivity 6: Only Current Use of Lands and Resources for Traditional Purposes Considered BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25
3 4.36 13.08 2.86 8.57 3.48 10.44 2.72 8.15
6 3.43 20.58 2.68 16.08 3.16 18.93 2.86 17.14
3 4.85 14.54 3.00 9.00 3.77 11.31 2.92 8.77

1.5 5.00 7.50 1.75 2.63 4.00 6.00 1.50 2.25
Alternative merit score (Σ{Ra × W}) 79.09 55.33 65.13 65.56

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.06 2.84 3.34 3.36
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Attachment G-8: Quantitative Analysis – Sensitivity 7: Only the Physical Stability Account Is Considered

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D
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BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Physical Stability Account Candidate 1 Candidate 7 Candidate 10 Candidate 22
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Attachment G-8: Quantitative Analysis – Sensitivity 7: Only the Physical Stability Account Is Considered BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Quantitative analysis for sub-accounts related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Quantitative analysis for indicators related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Merit Score 

(S × W)
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Attachment G-8: Quantitative Analysis – Sensitivity 7: Only the Physical Stability Account Is Considered BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86

Quantitative analysis for indicators related to Environment Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-8: Quantitative Analysis – Sensitivity 7: Only the Physical Stability Account Is Considered BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91
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Attachment G-8: Quantitative Analysis – Sensitivity 7: Only the Physical Stability Account Is Considered BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

6 3.90 23.40 3.18 19.05 3.08 18.45 4.88 29.25
4.36 0.00 2.86 0.00 3.48 0.00 2.72 0.00
3.43 0.00 2.68 0.00 3.16 0.00 2.86 0.00
4.74 0.00 3.34 0.00 3.92 0.00 2.91 0.00
5.00 0.00 1.75 0.00 4.00 0.00 1.50 0.00

Alternative merit score (Σ{Ra × W}) 23.40 19.05 18.45 29.25
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 3.90 3.18 3.08 4.88
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Attachment G-9: Quantitative Analysis – Sensitivity 8: Only the Technical Account Is Considered

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-9: Quantitative Analysis – Sensitivity 8: Only the Technical Account Is Considered BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Attachment G-9: Quantitative Analysis – Sensitivity 8: Only the Technical Account Is Considered BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86
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Attachment G-9: Quantitative Analysis – Sensitivity 8: Only the Technical Account Is Considered BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91
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Attachment G-9: Quantitative Analysis – Sensitivity 8: Only the Technical Account Is Considered BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

3.90 0.00 3.18 0.00 3.08 0.00 4.88 0.00
3 4.36 13.08 2.86 8.57 3.48 10.44 2.72 8.15

3.43 0.00 2.68 0.00 3.16 0.00 2.86 0.00
4.74 0.00 3.34 0.00 3.92 0.00 2.91 0.00
5.00 0.00 1.75 0.00 4.00 0.00 1.50 0.00

Alternative merit score (Σ{Ra × W}) 13.08 8.57 10.44 8.15
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.36 2.86 3.48 2.72
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Attachment G-10: Quantitative Analysis – Sensitivity 9: Only the Environment Account Is Considered

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88
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Attachment G-10: Quantitative Analysis – Sensitivity 9: Only the Environment Account Is Considered BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Attachment G-10: Quantitative Analysis – Sensitivity 9: Only the Environment Account Is Considered BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86
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Attachment G-10: Quantitative Analysis – Sensitivity 9: Only the Environment Account Is Considered BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91
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Attachment G-10: Quantitative Analysis – Sensitivity 9: Only the Environment Account Is Considered BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

3.90 0.00 3.18 0.00 3.08 0.00 4.88 0.00
4.36 0.00 2.86 0.00 3.48 0.00 2.72 0.00

6 3.43 20.58 2.68 16.08 3.16 18.93 2.86 17.14
4.74 0.00 3.34 0.00 3.92 0.00 2.91 0.00
5.00 0.00 1.75 0.00 4.00 0.00 1.50 0.00

Alternative merit score (Σ{Ra × W}) 20.58 16.08 18.93 17.14
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 3.43 2.68 3.16 2.86
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Attachment G-11: Quantitative Analysis – Sensitivity 10: Only the Socio-economic Account Is Considered

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

BLACKWATER GOLD PROJECT
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Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C

Page 1 of 5



Attachment G-11: Quantitative Analysis – Sensitivity 10: Only the Socio-economic Account Is Considered BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Attachment G-11: Quantitative Analysis – Sensitivity 10: Only the Socio-economic Account Is Considered BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86
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Attachment G-11: Quantitative Analysis – Sensitivity 10: Only the Socio-economic Account Is Considered BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91
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Attachment G-11: Quantitative Analysis – Sensitivity 10: Only the Socio-economic Account Is Considered BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

3.90 0.00 3.18 0.00 3.08 0.00 4.88 0.00
4.36 0.00 2.86 0.00 3.48 0.00 2.72 0.00
3.43 0.00 2.68 0.00 3.16 0.00 2.86 0.00

3 4.74 14.21 3.34 10.03 3.92 11.75 2.91 8.73
5.00 0.00 1.75 0.00 4.00 0.00 1.50 0.00

Alternative merit score (Σ{Ra × W}) 14.21 10.03 11.75 8.73
Alternative merit rating (A = Σ{Ra×W}/ ΣW) 4.74 3.34 3.92 2.91

Economic
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Quantitative analysis for sub-accounts related to Economical Account Alternative-A Alternative-B Alternative-C Alternative-D

Physical Stability
Technical

Environment
Socio-economic

Quantitative analysis for accounts
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Attachment G-12: Quantitative Analysis – Sensitivity 11: Only the Economic Account Is Considered

1 Location of water storage 6 3 18 2 12 2 12 5 30
1 Tailings and waste rock interstitial water 5 3 15 4 20 3 15 6 30
1 Normal operating pond volume 6 5 30 1 6 1 6 6 36
1 Emergency water management - pumps (active) 2 5 10 3 6 4 8 3 6
1 Emergency water management - pumps (passive) 4 4 16 4 16 4 16 6 24
1 Design basis / regulatory requirement 3 6 18 5 15 6 18 3 9
1 Tailings density 5 3 15 5 25 3 15 5 25
1 Maximum dam height 4 1 4 3 12 2 8 5 20
1 Operational monitoring requirements - safety 5 6 30 3 15 5 25 3 15

Sub-account merit score  (∑(SxW)) 156 127 123 195
Sub-account merit rating (RS=∑(SxW)/∑W) 3.90 3.18 3.08 4.88

1 3.90 3.90 3.18 3.18 3.08 3.08 4.88 4.88

Account merit score (Σ{Rs × W}) 3.90 3.18 3.08 4.88
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.90 3.18 3.08 4.88

Physical Stability

Quantitative analysis for sub-accounts related to Physical Stability Account Alternative-A Alternative-B Alternative-C Alternative-D
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Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)

Sub-account 
Merit Score 

(Rs × W)

Sub-account 
Merit Rating 

(Rs)
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Indicator 

Value
 (S)

BLACKWATER GOLD PROJECT

Quantitative analysis for indicators related to Physical Stability Account Candidate 1 Candidate 7 Candidate 10 Candidate 22
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Attachment G-12: Quantitative Analysis – Sensitivity 11: Only the Economic Account Is Considered BLACKWATER GOLD PROJECT

1 Style of containment 6 5 30 4 24 5 30 3 18
1 Number of dams 5 2 10 5 25 3 15 6 30
1 Construction volumes 3 1 3 3 9 2 6 5 15
1 Tailings initial settled density 1 1 1 5 5 1 1 5 5
1 Drainage provisions 4 5 20 2 8 4 16 1 4
1 Seepage management - physical 3 4 12 3 9 3 9 2 6
1 Seepage management - quality 5 6 30 4 20 6 30 2 10

Sub-account merit score  (∑(SxW)) 106 100 107 88
Sub-account merit rating (RS=∑(SxW)/∑W) 3.93 3.70 3.96 3.26

2 Foundation preparation for tailings storage area (excludes dam) 6 4 24 2 12 4 24 2 12
2 Tailings infrastructure 4 4 16 2 8 3 12 2 8
2 Foundation preparation for PAG waste rock facility 6 4 24 4 24 4 24 1 6
2 Initial dam construction 6 3 18 2 12 2 12 6 36
2 Sustaining construction (excludes waste delivery) 4 2 8 4 16 3 12 6 24

Sub-account merit score  (∑(SxW)) 90 72 84 86
Sub-account merit rating (RS=∑(SxW)/∑W) 3.46 2.77 3.23 3.31

3 Catchment area 3 2 6 4 12 2 6 5 15
3 Flood routing 4 6 24 4 16 6 24 2 8
3 Water balance - surplus/deficit/ balance 6 5 30 2 12 4 24 2 12
3 Water recycle requirement 2 2 4 5 10 4 8 5 10
3 Water treatment 4 4 16 2 8 4 16 2 8
3 Surplus water management 5 5 25 2 10 4 20 2 10
3 Operational monitoring requirements - internal site water management 4 6 24 4 16 4 16 2 8

Sub-account merit score  (∑(SxW)) 129 84 114 71
Sub-account merit rating (RS=∑(SxW)/∑W) 4.61 3.00 4.07 2.54

4 Technology Precedent - processing 2 4 8 2 4 2 4 2 4
4 Technology Precedent - storage 4 6 24 1 4 1 4 1 4
4 Tailings Delivery Complexity 6 6 36 2 12 4 24 2 12
4 Tailings Placement Complexity 5 5 25 3 15 4 20 3 15
4 PAG Waste Rock Delivery and Placement 4 2 8 3 12 1 4 5 20
4 Operational Flexibility 5 5 25 3 15 4 20 2 10

Sub-account merit score  (∑(SxW)) 126 62 76 65
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 2.38 2.92 2.50

5 Closure concept - physical 6 4 24 1 6 2 12 5 30
5 Closure concept - geochemical 5 6 30 4 20 5 25 1 5
5 Closure concept - active closure period 2 4 8 2 4 4 8 2 4
5 Closure concept - long-term maintenance and monitoring 5 5 25 2 10 3 15 1 5
5 Concurrent closure and reclamation 1 4 4 3 3 4 4 2 2
5 Premature closure 4 4 16 3 12 2 8 1 4

Sub-account merit score  (∑(SxW)) 107 55 72 50
Sub-account merit rating (RS=∑(SxW)/∑W) 4.65 2.39 3.13 2.17

6 3.93 23.56 3.70 22.22 3.96 23.78 3.26 19.56
4 3.46 13.85 2.77 11.08 3.23 12.92 3.31 13.23
6 4.61 27.64 3.00 18.00 4.07 24.43 2.54 15.21
6 4.85 29.08 2.38 14.31 2.92 17.54 2.50 15.00
6 4.65 27.91 2.39 14.35 3.13 18.78 2.17 13.04

Account merit score (Σ{Rs × W}) 122.03 79.95 97.45 76.04
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.36 2.86 3.48 2.72
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Quantitative analysis for indicators related to Technical Account Alternative-A Alternative-B Alternative-C Alternative-D
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Attachment G-12: Quantitative Analysis – Sensitivity 11: Only the Economic Account Is Considered BLACKWATER GOLD PROJECT

1 Sensitivity to climate change 3 5 15 4 12 4 12 2 6
1 Dust emissions 5 5 25 3 15 4 20 2 10
1 Noise and Vibrations 2 5 10 3 6 5 10 1 2

Sub-account merit score  (∑(SxW)) 50 33 42 18
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 3.30 4.20 1.80

2 Loss of catchment area 1 1 1 4 4 1 1 5 5
Sub-account merit score  (∑(SxW)) 1 4 1 5

Sub-account merit rating (RS=∑(SxW)/∑W) 1.00 4.00 1.00 5.00
3 Storage of PAG material 6 6 36 3 18 4 24 1 6
3 Seepage quantity 3 3 9 1 3 1 3 2 6
3 Dam embankment area 2 1 2 4 8 3 6 6 12

Sub-account merit score  (∑(SxW)) 47 29 33 24
Sub-account merit rating (RS=∑(SxW)/∑W) 4.27 2.64 3.00 2.18

4 Groundwater quality 5 5 25 3 15 4 20 1 5
4 Groundwater quantity 3 4 12 3 9 2 6 5 15

Sub-account merit score  (∑(SxW)) 37 24 26 20
Sub-account merit rating (RS=∑(SxW)/∑W) 4.63 3.00 3.25 2.50

5 High productivity soils 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
6 Risks to fisheries and aquatic resources 1 6 6 4 4 5 5 3 3
6 Stream length affected 2 2 4 1 2 2 4 4 8
6 Fish habitat loss 6 3 18 2 12 3 18 4 24

Sub-account merit score  (∑(SxW)) 28 18 27 35
Sub-account merit rating (RS=∑(SxW)/∑W) 3.11 2.00 3.00 3.89

7 Loss of and risk to wetlands 1 3 3 2 2 5 5 1 1
Sub-account merit score  (∑(SxW)) 3 2 5 1

Sub-account merit rating (RS=∑(SxW)/∑W) 3.00 2.00 5.00 1.00
8 Loss of high-quality habitat for species of conservation concern 3 2 6 2 6 3 9 4 12
8 Loss of capable caribou habitat 6 2 12 2 12 2 12 4 24
8 Loss of high quality habitat for moose 2 2 4 2 4 2 4 4 8
8 Toxicological risk to migratory birds and amphibians and bats 6 5 30 3 18 4 24 2 12
8 Toxicological risk to terrestrial wildlife species 4 5 20 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 72 52 65 64
Sub-account merit rating (RS=∑(SxW)/∑W) 3.43 2.48 3.10 3.05

3 5.00 15.00 3.30 9.90 4.20 12.60 1.80 5.40
4 1.00 4.00 4.00 16.00 1.00 4.00 5.00 20.00
6 4.27 25.64 2.64 15.82 3.00 18.00 2.18 13.09
3 4.63 13.88 3.00 9.00 3.25 9.75 2.50 7.50
1 3.00 3.00 2.00 2.00 5.00 5.00 1.00 1.00
6 3.11 18.67 2.00 12.00 3.00 18.00 3.89 23.33
3 3.00 9.00 2.00 6.00 5.00 15.00 1.00 3.00
5 3.43 17.14 2.48 12.38 3.10 15.48 3.05 15.24

Account merit score (Σ{Rs × W}) 106.32 83.10 97.83 88.56
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 3.43 2.68 3.16 2.86
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Attachment G-12: Quantitative Analysis – Sensitivity 11: Only the Economic Account Is Considered BLACKWATER GOLD PROJECT

1 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
1 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
1 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

2 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
2 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
2 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

3 Availability (abundance and distribution) of resources 3 1 3 1 3 1 3 4 12
3 Quality of resources harvested by Indigenous people 6 6 36 4 24 5 30 3 18
3 Quality of Indigenous harvesters’ experience 4 6 24 3 12 4 16 2 8

Sub-account merit score  (∑(SxW)) 63 39 49 38
Sub-account merit rating (RS=∑(SxW)/∑W) 4.85 3.00 3.77 2.92

4 Registered trap lines 3 2 6 2 6 2 6 4 12
4 Agricultural and range tenures 2 4 8 4 8 4 8 6 12

Sub-account merit score  (∑(SxW)) 14 14 14 24
Sub-account merit rating (RS=∑(SxW)/∑W) 2.80 2.80 2.80 4.80

5 Overlap of areas with recreational sensitivity and significance 1 6 6 4 4 6 6 2 2
Sub-account merit score  (∑(SxW)) 6 4 6 2

Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 6.00 2.00
6 Potential health risks 1 6 6 4 4 5 5 2 2

Sub-account merit score  (∑(SxW)) 6 4 5 2
Sub-account merit rating (RS=∑(SxW)/∑W) 6.00 4.00 5.00 2.00

7 Employment Opportunities 1 2 2 4 4 2 2 4 4
Sub-account merit score  (∑(SxW)) 2 4 2 4

Sub-account merit rating (RS=∑(SxW)/∑W) 2.00 4.00 2.00 4.00

6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
6 4.85 29.08 3.00 18.00 3.77 22.62 2.92 17.54
2 2.80 5.60 2.80 5.60 2.80 5.60 4.80 9.60
2 6.00 12.00 4.00 8.00 6.00 12.00 2.00 4.00
6 6.00 36.00 4.00 24.00 5.00 30.00 2.00 12.00
3 2.00 6.00 4.00 12.00 2.00 6.00 4.00 12.00

Account merit score (Σ{Rs × W}) 146.83 103.60 121.45 90.22
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 4.74 3.34 3.92 2.91
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Attachment G-12: Quantitative Analysis – Sensitivity 11: Only the Economic Account Is Considered BLACKWATER GOLD PROJECT

1 Initial capital cost 1 6 6 2 2 5 5 3 3
1 Sustaining capital and operating costs 1 5 5 1 1 5 5 1 1
1 Closure costs 1 4 4 2 2 3 3 1 1
1 Post-closure costs 1 5 5 2 2 3 3 1 1

Sub-account merit score  (∑(SxW)) 20 7 16 6
Sub-account merit rating (RS=∑(SxW)/∑W) 5.00 1.75 4.00 1.50

1 5.00 5.00 1.75 1.75 4.00 4.00 1.50 1.50

Account merit score (Σ{Rs × W}) 5.00 1.75 4.00 1.50
Account merit rating (Ra = Σ{Rs×W}/ ΣW) 5.00 1.75 4.00 1.50

3.90 0.00 3.18 0.00 3.08 0.00 4.88 0.00
4.36 0.00 2.86 0.00 3.48 0.00 2.72 0.00
3.43 0.00 2.68 0.00 3.16 0.00 2.86 0.00
4.74 0.00 3.34 0.00 3.92 0.00 2.91 0.00

1.5 5.00 7.50 1.75 2.63 4.00 6.00 1.50 2.25
Alternative merit score (Σ{Ra × W}) 7.50 2.63 6.00 2.25

Alternative merit rating (A = Σ{Ra×W}/ ΣW) 5.00 1.75 4.00 1.50
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EXECUTIVE SUMMARY 

A Failure Modes and Effects Assessment (FMEA) was completed to identify and characterize risks to 
the TSF. The FMEA evaluated risk management practices outlined in the project design, and those 
expected to be applied during permitting. The FMEA evaluated risks specific to the TSF concept 
identified to be the best available technology for the Blackwater Project (ERM, 2015). 

The FMEA demonstrated that the majority of risks to the TSF are mitigated through measures in 
place in the current design and measures to be applied during permitting. The risk rating process did 
not identify any high or very high hazards. The two highest rated risks (medium) identified were as 
follows: 
• Excess water causing encroachment on freeboard allowance of the TSF, and 
• No recognition/response to site changes resulting in insufficient storage capacity of the TSF. 

The opportunity to enhance safety and reduce project risk through improvement in water 
management practices was evaluated during the risk assessment process. Several opportunities for 
improved water management became apparent during this review. These opportunities include 
consideration of the physical location of water storage, active management of undisturbed runoff 
contributing to the water balance, emergency removal of water from the pond, and dam safety in 
extreme conditions. 

The FMEA process identified several measures that reduce risk, with four additional measures 
providing the most benefit in risk reduction. These opportunities were grouped into two categories: 
mitigations and contingencies. The mitigations and contingencies work together to reduce overall 
project risk by managing likelihood and consequence of potential hazards. 

The mitigations were: 
• Installation of optional diversions upstream of TSF Site D (northern diversion) and upstream of 

the mine facilities south of the TSF (southern diversion) to convey any excess water around 
rather than into the tailings facility, and 

• Transfer and storage of the majority of tailings pond supernatant in TSF Site C to minimize water 
in TSF Site D and maximize the beach width. 

The contingencies were: 
• Establishment of interim emergency overflow channels around the Site D Main Dam during 

operations to ensure that the incremental increase in runoff from the Probable Maximum Flood 
(PMF) during operations is safely transmitted around the dam in a controlled manner. 

• Emergency water storage in the open pit in the event that excessive water is encountered in the 
TSF that causes a violation of freeboard requirements and water levels need to be lowered. Use 
of the emergency pit storage will lead to a suspension of operations. 

These additional practices combined with the design measures and practices already in place in the 
project design comprise the best available practices for the project TSF. The FMEA created a 
catalogue of potential hazards to the proposed TSF and documents the best available practices to 
mitigate the risk of each hazard. The FMEA is considered to be a living document that will be 
updated periodically during subsequent stages of design, operations, and during closure of the TSF. 
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1 – INTRODUCTION 

1.1 BACKGROUND 

The Blackwater project area was actively explored by Richfield Ventures Corp. (Richfield) starting in 
2009. New Gold Inc. (New Gold) obtained the Blackwater property through the acquisition of 
Richfield in June 2011. Knight Piésold Ltd. (KP) was retained in early 2011 to complete a preliminary 
mine development assessment desktop study for the project. This was followed by a series of 
alternative mine waste and water management concept assessments for the project from the middle 
of 2011 through early 2012. A Preliminary Economic Assessment (PEA) of the project was 
completed in the third quarter of 2012 with a Feasibility Study (FS) following in the fourth quarter of 
2013. The acceptance of the Environmental Impact Statement (EIS) / Application into the review 
process is pending as of the writing of this report. 

An alternatives assessment was initiated in early 2015 in response to a request provided in a letter 
(dated March 19, 2015) from the British Columbia Environmental Assessment Office (BC EAO) to 
consider the implications of the Mt. Polley Independent Expert Engineering Investigation and Review 
Panel (the Panel) report findings and recommendations (IEEIRP, 2015). The BC EAO request 
required that proposed mining projects that have new proposed tailings dams provide information on 
the alternative means of undertaking the project. A subsequent letter provided by the Canadian 
Environmental Assessment Agency (dated June 3, 2015) requested that environmental effects, as 
defined in section 5 of Canadian Environmental Assessment Act (2012), be included in the 
alternatives assessment. 

The alternatives assessment study evaluated tailings disposal locations further from the deposit area 
and considered the use of alternative tailings production and storage technologies. The results of the 
study identified that the best available technology for the development of a Tailings Storage Facility 
(TSF) for the Project was to co-dispose thickened-slurry tailings with PAG/NAG3 waste rock in the 
Davidson Creek valley (ERM, 2015). The design summary of the TSF concept was presented in the 
Mine Waste and Water Management Design Report (KP, 2014). 

The BC EAO letter requested that proponents consider: 
• options for managing water balance to enhance safety and reduce risk (likelihood and 

consequence) of a tailings dam failure during all phases of mine life (construction, operations, 
closure, post-closure) 

• for the project design option selected, consider the potential risks and implications of that option, 
and have a technically and economically feasible plan to address the potential risks and 
implications, and 

• provide a clear and transparent rationale for the selected option(s). 

A Failure Modes and Effects Assessment (FMEA) was completed to identify and characterize risks to 
the TSF. The FMEA evaluated risk management practices outlined in the EA, those expected to be 
applied during permitting and identified areas where additional mitigations and contingencies could 
be implemented to minimize the identified risks. This report summarizes the methodology used to 
evaluate these risks, and the outcomes of the assessment. 
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1.2 REFERENCE REPORTS 

Information available in the following KP subject matter reports was used to prepare this study: 
• TSF Design Report – KP report, Mine Waste and Water Management Design Report, Ref. No. 

VA101-457/6-11 Rev. 2 dated September 12, 2014. 
• Alternatives Assessment – KP Report, Alternative Technology Options Study, Ref. No. 

VA101-457/15-1 Rev. 0 dated November 2015. 

A general arrangement for the project is shown on Figure 1.1. 

 

Figure 1.1 Project General Arrangement 

1.3 RISK 

The FMEA defines risk as the product of the likelihood of an event occurring and the consequences 
of the event: 

risk = likelihood x consequence 



NEW GOLD INC. 

 BLACKWATER GOLD PROJECT 
 

TAILINGS STORAGE FACILITY 
FAILURE MODES AND EFFECTS 
ASSESSMENT REPORT 

3 of 35 VA101-457/15-2 Rev 0 
December 9, 2015 

 

1.4 DEFINITIONS 

Definitions were developed for likelihood and consequence in order to provide consistent rating of 
risk for all aspects of the TSF. The likelihood and consequence were ranked on a scale from 1 to 5, 
with 1 representing the lowest likelihood or consequence, and 5 representing the highest. 

Likelihood and consequence were evaluated qualitatively. The definitions for the five levels of 
likelihood are shown in Table 1.1 and the definitions for the five levels of consequence are shown in 
Table 1.2. Combined overall risk ratings and colour coding schemes are shown in Table 1.3. 

Table 1.1 Likelihood 

Score Descriptor Frequency 

1 Very Rare Less than one event per 1000 years 

2 Unlikely Less than one event per 100 years 

3 Possible Less than one event per 20 years 

4 Likely Less than one event per year 

5 Almost Certain More than one event per year 
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Table 1.2 Consequence 

CONSEQUENCE 

SCORE 

DESCRIPTOR ENVIRONMENT ABORIGINAL RIGHTS AND TITLE BUSINESS DAMAGE / LOSS 

1 Insignificant Limited short-term effect 
in small or previously 

disturbed area 

There is no change to the abundance of resources (e.g., 
wildlife, birds, vegetation) or to the availability of land typically 
accessed for the purpose of undertaking traditional Aboriginal 

land use activities. 

< 6 hour 
production 

delay 

< $0.5 Million 

2 Minor Small short-term effect on 
part of ecosystem 

Lands and resources typically accessed to support traditional 
Aboriginal land use activities experience minor reductions or 
other effects in the short term, but access or harvesting is not 

compromised. 

> 6 hour 
< 24 hour 
production 

delay 

$0.5- $2 Million 

3 Moderate Moderate short-term 
effects, affecting part of 
ecosystem (i.e biological 
or physical environment) 

An area of land (including waterbodies) or a natural resource 
typically accessed by an Aboriginal group for the purpose of 

pursuing traditional land use activities (for subsistence or other 
purposes) is unavailable in the short-to medium-term. 

>1 day and 
< 1 week 

production 
delay 

$2 - $10 Million 

4 Major Serious medium-term 
environmental impact, 

affecting whole 
ecosystem 

An area of land (including waterbodies) or a natural resource 
typically accessed by an Aboriginal group for the purpose of 

pursuing traditional land use activities (for subsistence or other 
purposes) is unavailable for an extended period of time. 

> 1 week 
and < 1 
month 

production 
delay 

$10 - $50 Million 

5 Catastrophic  Irreparable damage, very 
serious long term 

impairment, affecting 
whole ecosystem 

An area of land (including waterbodies) or a natural resource 
typically accessed by an Aboriginal group for the purpose of 

pursuing traditional land use activities (for subsistence or other 
purposes) is unavailable for the foreseeable future. 

> 1 month 
production 
delay 

> $50 Million 
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Table 1.3 Risk Classification 

Score (Likelihood x Consequence) Descriptor 

1 to 3 Very Low 

4 to 6 Low 

7 to 12 Medium 

13 to 20 High 

21 to 25 Very High 

1.5 PROJECT COMPONENTS 

The FMEA focused on the main components of the TSF, outlined as follows: 
• Cofferdams 
• Diversion and Collection Ditches 
• Sediment Control Ponds 
• TSF (General) 
• TSF Site C Dams 
• TSF Site D Main Dam, and 
• Environmental Control Dam (ECD). 

In order to capture hazards which may increase or decrease over the life of the Project, three phases 
of development were considered: 
• C – Construction including commissioning 
• O – Operations, and 
• CL – Closure and decommissioning. 
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2 – RISK ANALYSIS 

2.1 RISK MITIGATION BY DESIGN 

The TSF design incorporates design measures and operational practices that lead to an overall low 
risk profile. A list of key defensive measures incorporated in the TSF design for each specific hazard 
is shown in Table 1 of Appendix A. The following sections provide a summary of the key measures 
included in the project design that reduce the potential risk and enhance safety of the facility; full 
description of the project facilities is available in the Mine Waste and Water Management Design 
Report (KP, 2014). 

2.1.1 Cofferdams 

Two temporary cofferdams (the Site C cofferdam and the Site D cofferdam) are planned for the early 
construction phase of the tailings facility dams. 

The Site C cofferdam will be constructed first and has an estimated exposure period of three months 
during construction of Stage 1A of the Site C Main Dam. Construction will commence following the 
freshet season during the summer low flow period. The cofferdam was designed to store the 1 in 10 
year 24-hour storm event and the 1 in 10 year wet August, September, and October. A temporary 
bypass diversion pumping system was also included to direct inflows around the work area during 
cofferdam construction. The cofferdam will eventually become part of the upstream footprint of the 
Site C Main Dam. 

The Site D cofferdam will be constructed after the Site C cofferdam during construction of Stage 1A 
of the Site C Main Dam. The cofferdam was designed to store the 1 in 10 year 24-hour storm event 
and the 1 in 10 year wet October, November, and December. A temporary bypass diversion pumping 
system was also included to direct inflows around the work area during cofferdam construction. The 
Site D cofferdam has an estimated exposure period of over a year and must provide protection for 
downstream cut-off trench excavation and backfill in the year following its construction. Two 
additional design measures were included to manage this additional risk; a spillway and a freshet 
pumpback system. The spillway was designed to safely pass the peak flow from the 1 in 200 year 
24-hour storm event. The freshet pumpback system was designed to pump 1,500 cubic metres per 
hour (m3/hr) enabling the system to capture a large portion of the spring and summer freshet flows, 
and convey the water to the Site C Main Dam for storage for operations start up. Water behind the 
cofferdam will accumulate at a slower rate during lower flow times of year and will be pumped down 
as required. The spillway will pass flows that exceed the available storage and design pumping 
capacity of the system. The cofferdam will eventually become part of the upstream footprint of the 
Site D Main Dam during the first year of operations. 

The cofferdams were designed as water retaining embankments with a 10 m crest width and 2H:1V 
upstream and downstream slopes. A sediment control pond is positioned downstream to manage 
sediment laden runoff from the work areas. 

2.1.2 Diversion and Collection Ditches 

Temporary collection and diversion ditches were included in the construction and operations phases 
of the TSF to control water and minimize erosion in areas disturbed by construction. All ditches were 
designed to manage sediment with erosion control best management practices (BMPs) and will be 
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armoured to prevent erosion. Ditches were designed to manage the 1 in 10 year 24-hour storm 
event. All ditches will be accompanied by silt fence installed downslope of the ditch to prevent 
potential residual sediment movement along undisturbed slopes. Regular monitoring and 
maintenance of the implemented BMPs will confirm success of the sediment control plan. 

2.1.3 Sediment Control Ponds 

Surface water sediment mobilization and erosion will be managed throughout the site using BMPs at 
the source of the sediment as the first step towards controlling erosion and sedimentation during 
construction. All temporary sediment and erosion control features will require maintenance and 
inspection after a significant rainfall.  

A sediment control pond (SCP) has been designed for each major disturbance area and will be 
constructed prior to disturbance at the sites. The SCPs were designed based on the Guidelines for 
Assessing the Design, Size and Operation of Sedimentation Ponds Used in Mining (BC MOELP 
2001). The ponds were designed to accommodate a live storage equal to the 1 in 10 year 24-hour 
storm event with a half meter of freeboard, and to settle out sediment 0.01 mm sized particles (and 
larger), while providing a retention time of at least 24 hours. Each pond and pond outlet spillway was 
designed to withstand a 1 in 200 year 24-hour storm event, in accordance with the aforementioned 
guidelines. 

AMEC conducted studies (AMEC, 2014) on overburden samples from the project site to identify an 
appropriate flocculent to aid sediment settling, if required. 

2.1.4 TSF (General) 

A technical bulletin was released by the Canadian Dam Association in 2014 (CDA, 2014), entitled 
Application of Dam Safety Guidelines to Mining Dams. The final technical bulletin was pre-dated by 
draft versions that were used in the feasibility design and there are minor differences in the 
suggested design levels compared to the final document that will be accommodated in detailed 
design. The CDA guidelines were used to determine the Inflow Design Flood (IDF) and Earthquake 
Design Ground Motion (EDGM) for the tailings dams. The following suggested design levels were 
adopted from the CDA guidelines for the construction and operations phases of the project: 
• IDF – 2/3 between 1 in 1,000 year return period and PMF 
• EDGM – 1 in 5,000 year event 

The guidelines suggest that a mining dam with a dam safety classification of VERY HIGH should be 
designed for the PMF and Maximum Credible Earthquake (MCE) in the closure phase. The following 
design flood and earthquake levels were adopted for the closure phase: 
• IDF – PMF 
• EDGM – MCE (1 in 10,000 year event) 

The PMF was calculated deterministically as a combination of the 24-hour Probable Maximum 
Precipitation (PMP) combined with the complete melt of a snowpack equivalent to a 1 in 100 year 
return period without consideration for rate of snowmelt and assuming 100% runoff. 

The tailings facility will manage the IDF during operations by including storm storage freeboard 
above the normal operating pond allowance. Additional freeboard is available above the storm 
storage for wave run-up. The IDF was based on capturing runoff from an event of 681 mm assuming 
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all diversions fail. The applicable IDF volumes for the design of the facility during operations were as 
follows: 
• TSF Site C = 5 Mm3 
• TSF Site D = 28 Mm3 

The seismic hazard for the project was defined using probabilistic methods of analysis. Historical 
earthquake data and regional tectonics were examined to identify potential seismic sources and 
maximum earthquake magnitude for each source. A design earthquake magnitude 8.5 was selected 
for earthquake return periods of 5,000 and 10,000 years, based on the review of regional tectonics 
and historical seismicity. This represents large magnitude earthquakes occurring along the Queen 
Charlotte fault system and Cascadia subduction zone. The potential for shallow crustal earthquakes 
occurring closer to the project site was also considered for longer return period events of 5,000 and 
10,000 years, representing earthquakes of up to about Magnitude 7.5 along coastal B.C. Mean Peak 
Ground Acceleration (PGA) values of 0.08g and 0.11g were determined for return periods of  
5,000 and 10,000 years, respectively. 

Site investigations were conducted in 2012 and 2013 in a series of phases to evaluate geotechnical 
and hydrogeological conditions for the proposed TSF and waste dumps. The site investigation 
programs collected substantial amounts of data to characterize the geology, hydrogeology and 
geotechnical conditions at the Project site. A stand-alone geotechnical characterization report (KP, 
2013) was prepared to present the compilation and assessment of the findings from the 2012 and 
2013 site investigation data along with other relevant data from the Project area. The findings were 
summarized in the design report (KP, 2014). The numbers of test pits and drillholes completed for 
the tailings storage facility are summarized in Table 2.1, and shown on Figures 2.1 and 2.2.  

Table 2.1 Summary of TSF Data Collection 

Infrastructure Components Drillholes Test Pits PSD
2
 

Hydrometer 
Test 

Atterberg 
Limits 

Natural 
Moisture 
Content 

Environmental Control Dam 6 - 61 61 61 52 

S
ite

 D
 Downstream Site D 13 41 91 93 86 56 

Site D Main Dam 24 24 54 61 56 52 

Site D Basin 17 68 106 94 94 91 

S
ite

 C
 Site C Main Dam 11 8 47 46 46 44 

Site C Basin 1 9 3 3 3 1 

Site C West Dam 3 8 8 8 6 1 

NOTES: 

1. TABLE IS AN ABRIDGED VERSION MODIFIED FROM TABLE 4.1 OF MINE WASTE AND WATER MANAGEMENT 
DESIGN REPORT (KP, 2014). 

2. PSD PARTICLE SIZE DISTRIBUTION ANALYSIS. 
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Figure 2.1 Test Pit Plan 
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Figure 2.2 Drillhole and Monitoring Well Plan 
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The PAG and NAG3 waste rock disposal area (referred to as the PAG disposal area) within the TSF 
footprint will be developed as part of preproduction construction to provide a location for PAG 
disposal from the pit stripping to expose the orebody. The PAG disposal area will be developed at 
the same or similar rate of rise as TSF filling level but will be several metres higher to provide a dry, 
stable placement surface for truck traffic. The design objective for the PAG area is to flood the waste 
rock within one year of placement. The maximum elevation of the waste storage area will remain at 
an elevation where it can be flooded by the supernatant pond in the case of premature closure. The 
surface of the PAG disposal area will be progressively covered by tailings and the supernatant pond 
between Year 15 and 17 during low-grade ore processing when waste rock production has ceased 
with the end of active mining in the open pit. At closure, this waste storage area will be covered by 
0.3 m of overburden and submerged below the final closure tailings elevation. 

A ML/ARD program was conducted in three phases and included both static and kinetic testing. 
Sulphur and metal assays (inductively coupled plasma (ICP) assay following aqua regia (AR) 
digestion) were completed as part of the exploration geological program on every meter of 
exploration drill core. This database provides extensive coverage of the project applicable to the 
ML/ARD assessment and includes over 250,000 sulphur and zinc assays. 

Mine waste was classified based on whether it is predicted to be potentially acid generating (PAG) or 
non-acid generating (NAG) as shown by the calculated Neutralization Potential Ratio (NPR). NAG 
waste rock was further classified as to its metal leaching potential based on zinc concentration. 
Classification criteria are as follows: 
• Ore and Tailings (PAG) 
• Low-Grade Ore (PAG) 
• Overburden (NAG) 
• Waste Rock: 

o PAG1 – NPR ≤ 1.0 (PAG) 
o PAG2 – 1.0 ≤ NPR ≤ 2.0 (PAG) 
o NAG3 – NPR ≥ 2.0 and Zn ≥ 1,000 ppm (NAG) 
o NAG4 – NPR ≥ 2.0 and 600 ≤ Zn ≤1,000 ppm (NAG) 
o NAG5 – NPR ≥ 2.0 and Zn ≤ 600 ppm (NAG) 

Oxide ore contains very low sulphur; significantly less than transitional and sulphide ore types, and 
most of the sulphur is expected to be non-acid generating sulphate sulphur. Zinc, cadmium and 
arsenic are also lower in the oxide ore compared to transitional and sulphide ore types. Lead is 
higher in oxide ore but has low mobility at the neutral pH expected in the TSF. Oxide ore tailings 
could be placed as the final lift over transitional and sulphide ore tailings in the TSF to reduce the 
potential for ARD and metal leaching. 

The project will use a conventional ore crushing, grinding and leaching process to produce a gold-
silver doré. The tailings will report to three cyanide destruction vessels using the SO2/Air process 
before being discharge to the TSF as a single stream. 

Waste management concepts for the various classifications of waste rock are outlined below: 
• NAG4 and NAG5 waste rock and overburden: 

o Used to construct the TSF embankments. 
o Surplus and unsuitable materials disposed of in one of two waste dumps on-land (East and 

West) near the pit. 
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o Progressive reclamation of the West waste rock dump during operations and final 
revegetation of both dumps at closure. 

• NAG3 waste rock (potentially metal leaching): 
o Used to construct the upstream zone of the TSF embankments. 
o Surplus co-disposed of within the TSF in such a manner that it is flooded within 3-5 years by 

the supernatant pond. 
• PAG1 and PAG2 waste rock: 

o Co-disposed of within the TSF in such a manner that it is saturated within 1 year by the 
supernatant pond to prevent oxidation and subsequent acid generation. 

A monthly operational and closure water balance was developed for the Blackwater Project using the 
GoldSim© software package. The model estimated the magnitude and extent of any water surplus 
and/or deficit conditions in the TSF based on a range of possible climatic conditions. The model 
included one year of pre-production (Year -1) and 17 years of operations at a nominal milling rate of 
60,000 TPD dry, and 18 years of closure until the TSF discharges to Davidson Creek. The model 
incorporated the following major project components: 
• Open pit 
• Mill 
• LGO Stockpile 
• TSF Site D 
• TSF Site C, and 
• East and West Dumps. 

The facilities are in a balance or surplus condition throughout operations as shown on Figure 2.3. 
The water accumulated within the supernatant ponds in TSF Sites C and D will satisfy the mill 
process requirements under average precipitation conditions. The volume of water stored within the 
TSF Site C pond is expected to fluctuate between 3 to 4 Mm3 and 8 to 11 Mm3 for TSF Site D, 
increasing after Year 11. The total pond volume would vary throughout the year between roughly  
11 and 14 Mm3. 

The surplus condition was predicted to develop beginning in Year 11 due to increasing runoff from 
the expanding disturbed areas of the mine facilities, and also from the decreases in waste rock 
production and corresponding decreases of water storage in waste rock voids for mine rock stored 
within TSF Site D. This was identified as a desirable condition during the Feasibility Study (KP, 2014) 
with this surplus water used to accelerate open pit filling and limit the onset of acid rock drainage 
conditions in the pit walls. It was also identified as a surplus condition that was easily manageable 
with additional fresh water diversions. 
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Figure 2.3 Predicted Pond Volumes - Average Conditions 

A stochastic analysis was completed to analyze the range of possible cumulative pond volumes in 
TSF Site C and TSF Site D over the mine life without intervention, as defined by the 95th percentile 
wet and dry values (5% and 95% chance of being equalled or exceeded in any month, respectively). 
The stochastic water balance highlights the sensitivity of the TSF pond volumes to the assumed 
climatic inputs and pond minimum/maximum operating capacities. 

The stochastic results indicated that for extreme wet conditions (95th percentile) the facility will 
operate in a surplus condition of roughly 1 Mm3 per year, increasing after Year 11. The facility under 
these conditions and without surplus water management intervention will require larger operating 
pond allowances of 4 to 10 Mm3 for TSF Site C and 16 to 25 Mm3 for TSF Site D during the first ten 
years of mine life. The increased volumes in TSF Site C are manageable with the current design 
capacity. TSF Site D would require additional normal operating freeboard in each stage to manage 
these very unlikely climate conditions. 

The stochastic results indicated that for extreme dry conditions (5th percentile) the accumulated TSF 
ponds, open pit and associated contributing catchments are not able to supply enough water to meet 
the process water requirements until Year 11, and the system will operate in a deficit condition until 
that time. The results indicated that under extreme dry conditions the supplemental make-up water 
requirement to support operation of the mine is less than 3 Mm3 per year. The fresh water supply 
system has enough design capacity to augment this very unlikely worst case deficit. The planned 
normal operating pond volumes under average conditions have sufficient capacity to manage more 
than one severe dry year without impacting operation of the mill. 

The TSF operational pond capacity is sufficient to manage a reasonable range of climate conditions. 
Water levels will be monitored to confirm that the water balance assumptions are accurate and that 
an operational surface water discharge from the TSF will not occur until closure. As a contingency, 
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non-contact surface water diversions will be created to divert runoff away from the TSF and the TSF 
dams can be raised more frequently, if required. 

2.1.5 TSF Site C Dams 

TSF Site C will be constructed first to provide storage capacity for start-up of the mill. The facility was 
designed to contain the first two years of tailings, PAG/NAG3 waste rock and may provide water 
storage for later years. 

The Site C Main Dam will be constructed in four stages by downstream method. It was designed as 
a water retaining earthfill faced rockfill dam with an appropriately graded two stage filter and 
transition zone between the earthfill face and rockfill shell. The embankment foundations will be 
cleared and stripped in preparation for fill placement for each stage. The dam will have a minimum 
crest width of 30 m during the initial stage, and a crest width of 50 m for subsequent stages and the 
ultimate dam. The upstream and downstream slopes will be 2H:1V. The dam will be approximately 
90 m high in the maximum section and will have a crest length of 900 m. 

Construction of the Stage 1B raise will commence immediately following completion of Stage 1A. 
The dam will be raised to elevation 1,325 m to provide sufficient capacity to impound 
PAG/NAG3 waste rock generated during pre-production pit stripping and a start-up pond up to  
10 Mm3 with additional capacity to contain the IDF. Construction of Stage 2 will commence thereafter 
and will be completed by operations start-up. The dam will be raised to elevation 1,340 m, providing 
additional capacity required to contain the first year of tailings and PAG waste rock. 

A single operational lift (Stage 3) will be completed on the Site C Main Dam during the first year of 
operations. The Site C West Dam will also be constructed during the first year of operations in a 
single stage. An instrumentation monitoring plan was designed for both dams and includes 
movement monuments on the dam crest and vibrating wire piezometers within the foundation and fill 
materials. The Site C Main Dam will be progressively buttressed on the downstream side by the 
PAG/NAG3 waste rock disposal area, which will be approximately 65 m thick in the dowstream area 
of the dam. 

The tailings distribution pipeline will initially extend along a service road to the Site C Main Dam 
where tailings will be deposited during the first two years of operations. Spigot locations will be 
placed every 150 m along the dam crest. A large tailings beach will be developed that provides a low 
permeability transition zone between the coarse, permeable waste rock in the center of the TSF and 
the tailings embankments providing seepage control. The tailings beach width will be greater than 
200 m throughout operations, and at times may exceed 1,000 m in width. 

The maximum supernatant pond elevation will be passively controlled by a spillway connecting TSF 
Site C and TSF Site D. The spillway will be constructed around the north abutment of the Site C 
Main Dam with the spillway invert at EL. 1,346 m. The spillway invert elevation was selected to 
maintain a hydraulic barrier on the west of the impoundment by establishing a fresh water seepage 
hydraulic gradient towards the TSF. 

The spillway will be constructed following cessation of tailings discharge in TSF Site C, and will be 
designed to manage the peak flow from the Probable Maximum Flood (PMF) without consideration 
for attenuation provided by the tailings facility pond or storage available below the invert of the 
spillway. 
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The filling plan for TSF Site C leaves approximately 14 Mm3 of storage capacity available for water 
storage below EL. 1,346 m. The water balance modelling for the project indicated that a pond 
volume between 3 and 8 Mm3 will be expected throughout operations (KP, 2014), and the pond will 
eventually fill in closure. The storage capacity in TSF Site C is underutilized in the present design 
and there is an opportunity to use this capacity to minimize storage requirements in TSF Site D. 

2.1.6 TSF Site D Main Dam 

TSF Site D will be constructed to manage tailings and mine waste for the remainder of the 
operational life of the project (Years 3 to 17). The embankment foundations will be cleared and 
stripped in preparation for fill placement for each stage. A cut-off trench (COT) will be excavated 
through the surficial sands and gravels and keyed into the low permeability subgrade. The facility 
was designed to contain tailings, PAG/NAG3 waste rock, and an operational supernatant pond of at 
least 10 Mm3 with additional capacity to contain the IDF. 

The tailings dam will be raised annually to maintain the storage capacity of the TSF. Each raise is 
designed to meet the projected design storage requirements for the next year following construction. 

The Site D Main Dam will be constructed in fifteen stages by centreline method. It was designed as a 
water retaining earthfill core rockfill dam with an appropriately graded two stage filter and transition 
zone between the earthfill core and downstream rockfill shell. The core zone was offset downstream 
of centre for trafficability and constructability purposes, and the upstream zone will be comprised of 
waste rock from the open pit. The impoundment area adjacent to the dam will be comprised of 
hydraulically placed tailings sand with an approximate subaerial beach slope of 1% towards the 
supernatant pond. The dam will have a minimum crest width of 50 m throughout all operational 
raises and for the ultimate dam at closure. The downstream slopes will be 2H:1V. The dam will be 
approximately 140 m high in the maximum section and will have a crest length of 6,500 m. 

The expansion of the dam will consist of two major work areas – downstream step-outs and crest 
raises. Downstream step-outs of the main dam shell zone will be constructed in sections at least 
40 m-wide using NAG5 waste rock and overburden from the open pit. Each step-out will support one 
or more vertical dam crest raises. Crest raises, constructed on an annual basis, provide storage for 
the upcoming year. The dam raise was scheduled for construction the year preceding when it was 
needed. The height of the annual raise varies from 11 m to 2 m depending on storage characteristics 
of the TSF and the volume of waste to be managed in the upcoming year. 

The FS mine plan included scheduling of material delivery to support dam construction. Material 
delivery was accelerated based on availability of the various open pit materials throughout the life of 
the mine resulting in a mine plan that was fully integrated with dam construction material 
requirements. The integrated mine plan and dam construction material plan included: 
• Quarterly scheduling of material delivery for 1.25 years during construction 
• Monthly scheduling of material delivery during the first year of operations 
• Quarterly scheduling of material for Years 2 to 5 of operations, and 
• Annual scheduling thereafter. 

Figure 2.4 shows the annual and cumulative design requirements for construction of the Site D Main 
Dam, and the respective delivery scheduling included in the mine plan. The peaks in annual 
requirements are related to the construction of downstream step-outs. The figure demonstrates that 
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the dam will be overbuilt during Years 1 through 9 in order to meet the construction material 
requirements for the final downstream step-out in Year 9. The overall downstream slope angle for 
the dam during these years will be flatter than the design requirements as a result. 

 

Figure 2.4 Site D Main Dam Construction Integrated with Mine Planning 

An instrumentation monitoring plan was designed for the dam and includes movement monuments 
on the dam crest, vibrating wire piezometers within the foundation and fill materials, and slope 
inclinometers. Five instrumentation sections were included in the design along the Site D Main Dam. 
Instrumentation monitoring will be routinely completed during construction and operations. 
Measurements during construction will be taken and analysed on a routine basis to monitor the 
response of the embankment fill and the foundation from the loading of the embankment fill. The 
frequency of monitoring for the piezometers and inclinometers may be decreased once the effects of 
initial construction have dissipated. An Operations Maintenance and Surveillance (OMS) Manual will 
be prepared following initial construction and prior to commissioning of the TSF to provide 
comprehensive operating instructions for the TSF and related facilities. 

The tailings distribution pipeline will extend along a service road to the Site D Main Dam where 
tailings will be deposited during the remainder of operations. Spigot locations will be placed every 
150 m along the dam crest. The dam crest elevation will reach 1300 m in Year 5 of operations and 
the tailings pipeline will be extended fully around TSF Site D, to allow for deposition along the 
majority of the perimeter. A large tailings beach will be developed that provides a low permeability 
transition zone between the coarse, permeable waste rock in the center of the TSF and the tailings 
embankments providing seepage control. The tailings beach width will be greater than 400 m 
throughout operations. 

Seepage will primarily be controlled by the low-permeability core zone constructed prior to the 
development of the tailings beach, the cut-off trenches, and the low-permeability subgrade materials. 
Special design provisions incorporated into the tailings dam design to minimize seepage losses 
include the development of extensive tailings beaches (which isolate the supernatant pond from the 
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dam), hydraulic barriers, embankment drainage collection systems, and toe drains at the 
downstream toe of the dams to reduce seepage gradients. Additional seepage collection ditches 
constructed along the toe of the embankments will collect seepage and surface runoff, and direct the 
flow to the pumpback systems. 

A closure spillway will be constructed following cessation of tailings discharge in TSF Site D, and will 
be designed to manage the peak flow from the PMF without consideration for attenuation provided 
by the tailings facility ponds or storage available below the invert of the spillway. 

2.1.7 Environmental Control Dam 

The primary seepage collection point downstream of the TSF was located approximately 1 km 
downstream at a topographic low point in Davidson Creek. A collection pond will be created by 
constructing a 12 m high water retaining dam (ECD) across Davidson Creek. The dam was designed 
to contain continuous seepage and runoff from events up to the 1 in 100 year 24-hour storm. The 
spillway was designed to pass the 1 in 200 year 24-hour storm. 

The ECD was designed as a water retaining earthfill core rockfill dam with an appropriately graded 
two stage filter and transition zone between the earthfill core and upstream and downstream rockfill 
shell zones. The upstream filter zone was included to protect against internal erosion during rapid 
dewatering. The core zone will be at least 6 m wide at the narrowest point with 2 m wide filter and 
transition zones on either side. The overall crest width will be 14 m. 

Two seepage interception trenches (one on each side of Davidson Creek) will be excavated through 
the surficial sand and gravel terraces downstream of the Site D Main Dam and will report to the ECD 
pond. The seepage interception trenches (North and South) were located based on the results of 
geotechnical drilling along the proposed alignments. The trenches will be excavated and keyed into 
the low-permeability subgrade and will be approximately 3.3 km long with a depth ranging from 
5 to 15 m. 

The primary pumpback system at the ECD was designed to maintain the pond at a minimum water 
level to reduce the potential for seepage under the ECD. The intake is a concrete structure equipped 
with a trash rack set at elevation 1170 m. The pumpback system is comprised of four 375 kW vertical 
turbine pumps (3 operating and 1 installed spare) and requires at least 2 m submergence to operate. 
The system was designed to pump a maximum of 1,080 m3/hr to the TSF through an 18 inch 
standard steel pipeline. The design flow rate is equivalent to a 10 day pump-out of the ECD pond 
following the 1 in 100 year design storm. The pumping system will normally operate intermittently as 
the ECD pond exceeds the minimum operating depth of 2 m, and at less than maximum capacity 
using one or more pumps. 

The ECD will have an embankment drainage system, seepage collection sump with a flow 
monitoring device, and pumpback system to collect and recycle seepage back into the ECD 
impoundment. 

This location of the ECD was established based on a hydrogeology assessment where potential 
seepage paths were projected to daylight. A pumpback system will manage seepage and storm 
water inflows. Recovered water will be pumped to the TSF Site D and the collection pond will be 
maintained in a dewatered condition to the maximum extent practical. Seepage through this dam will 
be captured in an embankment drain system and sump, and pumped back to the ECD pond. 
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The seepage modeling found a negligible amount of seepage will pass from the foundation of the 
Site D Main Dam beyond the ECD. Virtually all of the seepage was predicted to daylight to surface or 
within the surficial sand and gravel zone upstream of the ECD. 

2.2 RISK ASSESSMENT 

2.2.1 Preliminary Risk Classification 

A working table was developed to outline hazard category, phase of development, description of risk, 
key defensive measures in place, key defensive measures to be applied in permitting and the risk 
rating. The hazard descriptions and rankings were developed during short group meetings over 
multiple days, with input from the engineering consultants involved with the Project. The following 
participants are acknowledged for their contributions: 
• Keith Ferguson, P.Eng., Sustainability Engineering 
• Bruno Borntraeger, P.Eng., KP 

A total of 39 hazards were identified and catalogued in Table 1 of Appendix A. Preliminary 
classification of each risk is shown on Figure 2.5 and a summary of the risk description and risk 
rating is included in Table 2.2. The classifications were completed based on the design measures 
and operational practices included in the TSF design. The classifications included: 
• 2 medium risk ratings 
• 17 low risk ratings, and 
• 20 very low risk ratings. 

 

Figure 2.5 Preliminary Risk Classification 
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Table 2.2 Risk Description and Preliminary Rating Summary 

Risk ID Phase 
(2)

 Risk Description Rating 

1 C Extreme precipitation or runoff event: Overtop of cofferdam resulting in 
loss of dam fill material and sediment loading to receiving streams 

Low 

2 C 
Failure of pumping system for cofferdam: cofferdam overflows resulting in 
discharge of suspended solids and sediment loading to receiving streams Very Low 

3 C 
Cofferdam failure due to any mechanism leading to loss of containment 
with loss of dam contents (water and sediment) and dam materials to 
receiving streams 

Low 

4 C/O 
Erosion of construction diversion ditches: high suspended solids and 
sediment loading to receiving streams Very Low 

5 C/O 
Excessive erosion or high flows from construction areas including borrow 
sites during runoff events: high suspended solids and sediment loading 
from SCP's to receiving streams 

Very Low 

6 C 
Too rapid rate of initial construction and filling of TSF dam: high pore 
pressures, foundation movement causing instability and TSF dam failure Low 

7 O/CL 
TSF dam foundation failure: foundation movement resulting in collapse of 
Site C tailings dam Very Low 

8 C 
Too rapid rate of initial construction and filling of TSF dam: high pore 
pressures, foundation movement causing instability and TSF dam failure Low 

9 O/CL TSF dam foundation failure: foundation movement resulting in collapse of 
Site D tailings dam 

Low 

10 O/CL 
Ponding on tailings dam crest or downstream shell: erosion of dam fill 
leading to localized scour of slopes (flows to ECD) Very Low 

11 O/CL 
Inclusion of ice or snow in tailings dam fill: settlement of dam resulting in 
deformation but not loss of containment Very Low 

12 O/CL 
Extreme precipitation or runoff event: overtop of Site D Main Dam 
resulting in failure of dam Low 

13 O/CL Failure of TSF Site D Main Dam filter zone resulting in excessive internal 
erosion, leading to piping and collapse of dam 

Low 

14 O/CL Embankment deformation resulting in overtopping and discharge of 
supernatant pond 

Low 

15 O/CL Embankment deformation resulting in slumping of tailings Very Low 

16 O/CL 
PAG or NAG3 waste rock used in Site D tailings dam downstream shell: 
contamination of runoff and seepage to ECD Very Low 

17 O/CL 
Unexpected metal or nitrogen leaching from NAG waste rock and/or 
overburden used in TSF Site D dam shell construction: contamination of 
surface runoff and seepage to ECD 

Very Low 

18 O/CL Failure of TSF Site D cut-off trench resulting in increased seepage Low 

19 O/CL 
Landslide or avalanche into TSF Site D resulting in supernatant pond 
wave and/or additional material in TSF Very Low 

20 O 
Failure to follow staged construction plan to meet filling requirements or 
storage of excess water leading to design freeboard violation Medium 

21 O 
Inadequate tailings pond capacity or excessive water resulting in need to 
discharge tailings pond supernatant to receiving streams Medium 

22 O 
Incorrect water balance modelling resulting in unexpected surplus or 
deficit of water  Low 

23 O/CL 
Extreme seismic activity: large earthquake resulting in embankment 
deformation and/or tailings liquefaction Low 
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24 O High sediment loading to ECD reducing pond capacity Very Low 

25 O 
Failure of recycle water pump or pipeline from ECD to tailings pond 
resulting in excessive water in ECD Very Low 

26 O 
Seepage or runoff exceeds pumping capacity of ECD resulting in 
discharge from ECD to receiving streams Low 

27 C/O Unforeseen capital costs for TSF construction Low 

28 O/CL Unforeseen seepage or run-off resulting in overtopping of ECD Very Low 

29 O/CL Failure of ECD due to piping Very Low 

30 O/CL Blockage of the spillway in ECD by debris Very Low 

31 O/CL 
Unexpected metal or nitrogen leaching from NAG waste rock and/or 
overburden used in ECD dam construction: contamination of water 
reservoir and discharge to receiving streams 

Low 

32 O/CL 
Excessive metals or increase in unrecoverable seepage to receiving 
streams during operations and closure Low 

33 O 
Failure of tailings distribution line on tailings dam resulting in discharge of 
tailings outside of impoundment footprint  Very Low 

34 CL Blockage of TSF spillways by debris Very Low 

35 CL Inadequate capacity of spillways to convey flows Very Low 

36 CL 
Excessive metals in tailings pond supernatant and seepage discharge to 
receiving streams during closure Low 

37 CL Incorrect water balance modelling resulting in unexpected surplus or 
deficit of water 

Low 

38 CL 
Extreme drought: inadequate water cover resulting in acid generation 
from the tailings or PAG waste rock contaminating seepage and tailings 
pond supernatant discharge to receiving streams 

Very Low 

39 CL 
Settlement of tailings leading to formation of depression on the tailings 
surface and inability to meet closure objectives including location of 
closure water pond. 

Very Low 

NOTES: 

1. THIS TABLE IS AN ABRIDGED VERSION OF APPENDIX A TABLE 1. 
2. PROJECT PHASE ABBREVIATIONS ARE SHOWN IN SECTION 1.5. 

2.2.2 Improvements to Current Practices 

The key measures included in the project design that reduce the potential risk and enhance safety of 
the facility were described in the preceding sections and documented in Table 1 of Appendix A. 
These measures are deemed best practices; however, it is prudent to consider if there are additional 
design measures or operational practices that will further reduce the potential risk of the facility and 
enhance safety. 

The risk items shown in Table 2.2 with ‘low’ and ‘medium’ risk ratings are generally affected by water 
management, with potential consequences of failure improved or worsened by water management 
strategies. The Panel Report (IEEIRP, 2015) provided suggestions for improvement of tailings 
physical stability through measures that: 
• Eliminate surface water from the impoundment 
• Promote unsaturated conditions in the tailings with drainage provisions, and 
• Increase tailings deposit strength. 
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These suggestions highlight that effective management and control of water enhances the physical 
stability of a tailings impoundment and may reduce overall project risk.  

This is consistent with the BC EAO letter, which provided a request that proponents consider: 
• Options for managing water balance to enhance safety and reduce risk (likelihood and 

consequence) of a tailings dam failure during all phases of mine life, and 
• For the project design option selected, consider the potential risks and implications of that 

option, and have a technically and economically feasible plan to address the potential risks and 
implications. 

The opportunity to enhance safety and reduce project risk through improvement in water 
management practices was evaluated during the risk assessment process. Several opportunities for 
improved water management became apparent during this review. These opportunities include 
consideration of the physical location of water storage, active management of undisturbed runoff 
contributing to the water balance, emergency removal of water from the pond, and dam safety in 
extreme conditions. 

The storage capacity in TSF Site C is underutilized in the present design and there is an opportunity 
to use this capacity to minimize storage requirements in TSF Site D. The volume of water stored 
within the TSF Site C pond is shown to fluctuate between 3 to 4 Mm3 and between 8 to 11 Mm3 for 
TSF Site D, increasing after Year 11, with the total pond volume (including both ponds) varying 
throughout the year between roughly 11 and 14 Mm3. The filling plan for TSF Site C leaves 
approximately 14 Mm3 of storage capacity available for water storage below the spillway invert EL. 
1346 m. The vast majority of water could be stored within TSF Site C during operations. 

A surplus condition was predicted to develop beginning in Year 11 due to increasing runoff from the 
expanding disturbed areas of the mine facilities. The stochastic results indicated that for extreme wet 
conditions (95th percentile) the facility will operate in a surplus condition of roughly 1 Mm3 per year, 
increasing after Year 11. The tailings facility in either of these conditions and without surplus water 
management intervention will require larger operating pond allowances. TSF Site D will require 
additional normal operating freeboard to manage the additional water volumes or the surplus 
condition could be managed with additional fresh water diversions. 

The design recognized that the need to increase the dam freeboard or construct fresh water 
diversions were contingencies that could be implemented reactively later in response to observed 
conditions. There is an opportunity to include these fresh water diversions as part of the overall water 
management plan, and actively manage inflows to the tailings facility based on observed conditions 
on an inter-annual basis to maintain the pond volumes in the preferred operating range. This will 
provide a proactive water management strategy, rather than reactive. 

The evaluation further recognized that as a zero operational surface water discharge (or closed 
circuit) facility there is no available means to remove mine impacted water from the water balance. 
The classification as a closed circuit facility cannot be a reason to encroach on storm freeboard 
allowances and potentially adversely affect the safety of the facility. The ability to remove water from 
the tailings facility in a freeboard violation scenario was considered an improvement to the water 
management plan. 

The tailings facility was designed to manage a very large design storm event by including storm 
storage freeboard above the normal operating pond allowance. Additional freeboard is available 
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above the storm storage for wave run-up. There is a period of exposure to risk during operations 
before construction of the closure spillway where the tailings facility relies on climate predictions and 
storm storage to prevent a release of mine water to the environment. The downside of designing a 
tailings facility to contain a large flood to protect the environment from release of mine water is that 
the storage of large volumes of water has the potential to exacerbate the consequences of failure. A 
very unlikely uncontrolled release of the impoundment can be limited to a small controlled release by 
including interim emergency overflow channels in the staged development of the facility. The 
overflow channels will operate in the additional freeboard for wave run-up and therefore will not 
impact the storm storage characteristics of the facility. 

The following section summarizes the technical details of the opportunities that were developed to 
improve the current practices, enhance safety and reduce overall risk of the facility. 
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3 – ADDITIONAL MITIGATION AND CONTINGENCY MEASURES  

3.1 GENERAL 

The opportunity to enhance safety and reduce project risk through improvement in water 
management practices was evaluated. The FMEA process identified several measures that reduce 
risk, with four additional measures providing the most benefit in risk reduction. These opportunities 
were grouped into two categories: mitigations and contingencies. Mitigations are the design 
measures that will be put in place and actively used to reduce the risk (likelihood and consequences) 
of certain potential hazards occurring. Contingencies are design measures that provide a final layer 
of additional protection to manage unexpected conditions, but are not expected to be used except for 
extreme circumstances. Contingencies also reduce risk by managing the likelihood and 
consequence of potential hazards. The mitigations and contingencies work together to reduce overall 
project risk. 

The mitigations are: 
• Installation of optional diversions upstream of TSF Site D (northern diversion) and upstream of 

the mine facilities south of the TSF (southern diversion) to convey any excess water around 
rather than into the tailings facility, and 

• Transfer and storage of the majority of tailings pond supernatant in TSF Site C to minimize water 
in TSF Site D and maximize the beach width. 

The contingencies are: 
• Establishment of interim emergency overflow channels around the Site D Main Dam during 

operations to ensure that the incremental increase in runoff from the Probable Maximum Flood 
(PMF) during operations is safely transmitted around the dam in a controlled manner, and 

• Emergency water storage in the open pit in the event that excessive water is encountered in the 
TSF that causes a violation of freeboard requirements and water levels need to be lowered.  Use 
of the emergency pit storage will lead to a suspension of operations. 

3.2 MITIGATIONS 

3.2.1 Northern and Southern Diversions 

The water balance model results indicated that the TSF will be in a balance under average 
precipitation conditions throughout the first ten years of operations. A surplus condition was 
predicted to begin in Year 11 and was expected to increase steadily over time until the end of 
mining. A portion of the upstream contributing catchment can be diverted around the facility to 
Davidson Creek to actively manage the volume of water reporting to the TSF. The diversion 
structures will be constructed during the early years of project development to provide water 
management features to control the accumulation of the supernatant pond in the TSF during and/or 
in response to wetter than average years. 

Two diversions will be constructed and operated to actively manage inflows to the tailings facility 
based on observed conditions on an inter-annual basis, and to maintain the pond volumes in the 
preferred operating range. The Northern Diversion was designed to convey runoff for an area of 
approximately 10 km2 northwest of TSF Site D and the Southern Diversion was designed to convey 
runoff from an area of 5 km2 southwest of the open pit and west dump. Together these catchment 



NEW GOLD INC. 

 BLACKWATER GOLD PROJECT 
 

TAILINGS STORAGE FACILITY 
FAILURE MODES AND EFFECTS 
ASSESSMENT REPORT 

24 of 35 VA101-457/15-2 Rev 0 
December 9, 2015 

 

areas comprise roughly one third of the overall catchment area contributing to the TSF water 
balance. Complete design details are included in Appendix B and Appendix C for the Northern and 
Southern Diversions, respectively. 

The Northern Diversion structure will consist of a 3.5 m high concrete structure to provide 
submergence to the water conveyance pipeline. The 16-inch diameter HDPE water conveyance 
pipeline was sized to convey the estimated maximum mean monthly flow of 0.2 m3/s (200 L/s). The 
northern diversion structure will include a gated sluice pipe to clean out sediment accumulation. Flow 
from the water conveyance pipe will enter the Freshwater Reservoir, via an energy dissipation 
structure, prior to release to Davidson Creek. 

The northern diversion structure spillway was designed to convey a 200 year return period design 
peak flow of 6.5 m3/s; assuming the water conveyance pipeline and gated sluice pipe are inoperable. 
The spillway will consist of a 5 m wide broad crested weir capable of passing the design storm while 
maintaining 0.5 m of freeboard between the maximum water level and the crest of the structure. 

The collection ditches were designed with sufficient capacity to convey the runoff and withstand 
erosive forces from the 10 year design peak flow of 0.5 and 0.6 m3/s, respectively. Ditches will 
typically be at least 1 m-deep and trapezoidal shaped with a 1 m-base width and 2H:1V slopes. 
Erosion resistant material will be placed over a non-woven geotextile, which will help prevent erosion 
of fine underlying soils. 

The Southern Diversion structure will consist of a 3.5 m high concrete structure to provide 
submergence to the water conveyance pipeline. The 10-inch diameter HDPE water conveyance 
pipeline is sized to convey the estimated maximum mean monthly flow of 0.1 m3/s (100 L/s). The 
southern diversion structure will include a gated sluice pipe to clean out sediment accumulation. 
Flow from the water conveyance pipe will enter the Freshwater Reservoir, via an energy dissipation 
structure, prior to release to Davidson Creek. 

The southern diversion structure spillway design conveys a 200 year design peak flow of 4.1 m3/s; 
assuming the water conveyance pipeline and gated sluice pipe are inoperable. The spillway will 
consist of a 3 m wide broad crested weir capable of passing the design storm while maintaining 
0.5 m of freeboard between the maximum water level and the crest of the structure. 

The collection ditch was designed with sufficient capacity to convey the runoff and withstand erosive 
forces from the 10 year design peak flow of 1.3 m3/s. Ditches will typically be at least 1 m-deep and 
trapezoidal shaped with a 1 m-base width and 2H:1V slopes. Erosion resistant material will be 
placed over a non-woven geotextile, which will help prevent erosion of fine underlying soils. 

The total combined conveyance capacity of the two pipelines is 300 L/s or approximately 9.5 Mm3 
per year. The conveyance capacity of each was based on the maximum mean monthly flow for the 
catchment. The diversions will typically divert a combined 3 Mm3 per year under mean monthly flow 
conditions when they are active. 

3.2.2 Site C Water Storage 

The relocation of water storage to Site C from Site D reduces overall risk of the TSF by several 
means. Water storage relocated from the impoundment undergoing active construction to the 
inactive impoundment reduces one variable of impoundment filling. It simplifies mine waste disposal 
planning within the active impoundment and increases flexibility to actively manage the location 
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where the tailings beach meets the co-disposed PAG/NAG3 waste rock platform thereby improving 
the ability to meet closure plan objectives. The reduction in the supernatant pond will increase 
subaerial beach length, which is an indicator of improved dam safety. The storage of water outside of 
the active impoundment decreases the likelihood and consequences of containment loss in the event 
of embankment deformation. 

The reclaim water system, as described in the Mine Waste and Water Management Design Report 
(KP, 2014), will initially utilize a barge-mounted pump station sized to deliver 3,200 m3/hr of process 
water from TSF Site C to the reclaim water tank at the Mill. The reclaim barge will be located in TSF 
Site C during Years 1 and 2 of operations, and then moved to TSF Site D late in Year 2 for the 
remainder of mine operations and closure. A reclaim structure was planned for TSF Site C in Year 2 
to reclaim water during the relocation of the barge. The reclaim structure will also support the 
remaining years of operations to regulate the water level within TSF Site C and/or to support the 
barge-mounted pump station with reclaim to the mill. 

The water management strategy for Years 1 and 2 will remain unchanged and utilize a 
barge-mounted pump station in TSF Site C. However, the barge-mounted pump station will remain in 
TSF Site C throughout the life of mine and reclaim water will be transferred from TSF Site D to 
TSF Site C, utilizing the freshet pumpback system originally designed for construction water 
management at the Site D cofferdam (see Section 2.1.1). The volume of water maintained within 
TSF Site D will be only the amount required to maintain PAG/NAG3 materials in a saturated state 
with an allowance for annual operational fluctuation. 

The effects on the project water balance due to the changes are shown on Figure 3.1. The majority 
of the supernatant pond volume will be stored in TSF Site C. The TSF Site C pond is located 
upstream of the TSF Site C Main Dam, and will be connected to TSF Site D by a closure spillway for 
passive management of the maximum Site C operating pond level. 

 

Figure 3.1 Revised Pond Volumes - Average Conditions 
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The pump rates from TSF Site D to TSF Site C required to achieve the pond volumes presented on 
Figure 3.1 were: 
• 1,000 m3/hr (mine Years 1 and 2) 
• 1,900 m3/hr (mine Years 3 through 17) during the winter season (October through March), and 
• 2,050 m3/hr (mine Years 3 through 17) during the summer season (April through September). 

The TSF Site C pond volume will fluctuate between approximately 8 Mm3 and 10 Mm3 for the 
majority of the mine life, with an increase to 13 Mm3 at the end of Year 14. TSF Site C can store up 
to 14 Mm3 of water based on a spillway invert elevation of 1346 m. The TSF Site D pond volume will 
fluctuate between approximately 1 Mm3 and 5 Mm3 of water for the majority of the mine life. The 
overall water balance condition is unchanged and the total pond volume varies throughout the year 
between roughly 11 Mm3 and 14 Mm3; however, the location of water storage was adjusted. The 
optional diversions were not considered here, but will be combined with the revised water 
management strategy in subsequent water balance modelling to support permitting. 

3.3 CONTINGENCIES 

3.3.1 Interim Emergency Overflow Channels 

The purpose of the interim overflow channel is to ensure the TSF Site D dam is protected during a 
very unlikely extreme runoff event. The TSF design incorporated a spillway at closure, whereas this 
design change adds a contingency interim overflow channel during operations. The overflow channel 
will not be used during normal operation of the facility, and was added to the design to prevent the 
possibility of overtopping for dam safety purposes. It is a contingency for extreme conditions coupled 
with the malfunction of management plans for the project. 

The Interim Emergency Overflow Channel was designed to pass the peak flow from the PMF flood 
event without consideration of attenuation provided by tailings facilities ponds or storage that will be 
maintained below the invert of the channel. It was assumed that the diversion ditches were damaged 
and not functioning at the time of the flood as this represented the worst case condition. The routing 
evaluation, using HydroCAD, determined the peak inflow to be approximately 355 m3/s. The channel, 
approximately 2 m wide by 4 m deep, will be excavated in bedrock to provide erosion protection. 

The channel will be located on the right (south) abutment of each stage of the TSF Site D Main Dam. 
The channel will convey the design flood past the right abutment and downstream of the TSF Site D 
embankment to a plunge pool for energy dissipation prior to release to Davidson Creek via the South 
Interception Trench and Environmental Control Dam. The plunge pool design will be completed 
during detailed design based on precise channel alignments, slopes, and flow characteristics. 
Additional design details are included in Appendix E. 

3.3.2 Emergency Water Storage in the Open Pit 

The TSF was planned as a zero operational surface water discharge (or closed circuit) facility. There 
is no available means to remove mine impacted water from the water balance. The classification as 
a closed circuit facility should not be a reason to encroach on storm freeboard allowances and 
potentially adversely affect the safety of the facility. The ability to remove water from the tailings 
facility in a freeboard violation scenario was considered an improvement to the water management 
plan. 
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The transfer of water from the TSF to the Open Pit for storage could be accomplished by one of the 
following alternatives: 
1. Early Installation of the TSF Closure Dewatering Pipeline - The closure plan for the 

Blackwater Project includes pumping the tailings supernatant pond to the Open Pit to expedite 
pit filling and submergence of the majority of PAG rock in the exposed Open Pit walls. The 
planned pumping system to complete pit filling in closure would utilize the reclaim barge and/or 
structure and reclaim pipeline(s), with an extension of the reclaim pipeline from the Mill to the 
Open Pit. The closure pit filling system would maintain the operative reclaim capacity of  
3,200 m3/hr. 

2. Utilizing the Pit Dewatering System – The current Open Pit dewatering system consists of a 
series of wells and skid-mounted diesel drive pumps conveying flows through a 16” pipeline, 
designed to pump approximately 700 m3/hr of water from the Open Pit to the Mill. It is assumed 
that in an emergency situation, in which the water level in the TSF exceeded maximum capacity, 
all operations, including processing and pit dewatering would be suspended; it is therefore 
reasonable to assume the TSF could be dewatered using the reclaim system in combination with 
the pit dewatering system pipeline. This alternative would maintain the pit dewatering capacity of 
700 m3/hr and tie the Open Pit dewatering pipeline into a blind flange for the reclaim water 
system pipeline at the Mill.  

Table 3.1 summarizes the estimated rate of drawdown for each of the facilities, for each alterative, 
and were based on approximate pond areas of 100 and 500 hectares for TSF Site C and TSF Site D, 
respectively. 

Table 3.1 Approximate Drawdown Rates 

Pumping System  
Pumping Capacity 

(m
3
/hr) 

TSF C 

(mm/day) 

TSF D 

(mm/day) 

Alternative 1 3,200 77 15 

Alternative 2 700 17 3 

The alternative implemented will reflect where the majority of water is stored within the TSF. 
Alternative 1 was considered to be the most robust option for the current design. If the water 
management strategy is modified to manage the majority of the water in TSF Site C, with TSF Site D 
only containing enough water to submerge the PAG/NAG3 waste rock, it may be suitable to defer the 
closure pipeline installation until closure and use the pit dewatering system during operations. 
Additional design details are included in Appendix F. 

3.4 EFFECTS ON PRELIMINARY RISK CLASSIFICATION 

The opportunity to enhance safety and reduce project risk through improvement in water 
management practices was evaluated during the risk assessment process. Several opportunities for 
improved water management were implemented as a result of the FMEA. These opportunities 
include relocation of the physical location of water storage, active management of undisturbed runoff 
contributing to the water balance, allowance for emergency removal of water from the pond, and 
dam safety protection in extreme flooding conditions. 
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The above noted measures reduce project risk by enhancing physical stability through effective 
management and control of water. Several of the preliminary risk rankings were improved by 
adopting these additional design measures, operational practices, and contingencies. A summary of 
the final risk classifications after application of the additional mitigation and contingency measures is 
shown in Table 3.2. 
  



NEW GOLD INC. 

 BLACKWATER GOLD PROJECT 
 

TAILINGS STORAGE FACILITY 
FAILURE MODES AND EFFECTS 
ASSESSMENT REPORT 

29 of 35 VA101-457/15-2 Rev 0 
December 9, 2015 

 

Table 3.2 Summary of Risk Ranking Improvements 

Risk ID Risk Description 
Preliminary 

Rating 
Mitigation/Contingency Measures 

Final 

Rating 

1 

Extreme precipitation or runoff event: 
Overtop of cofferdam resulting in loss of dam 
fill material and sediment loading to receiving 
streams 

Low 

• maintain low spot during 
construction of dam as preferential 
emergency swale Very Low 

3 

Cofferdam failure due to any mechanism 
leading to loss of containment with loss of 
dam contents (water and sediment) and dam 
materials to receiving streams 

Low 

• maintain low spot during 
construction of dam as preferential 
emergency swale Very Low 

9 
TSF dam foundation failure: foundation 
movement resulting in collapse of Site D 
tailings dam 

Low 

• relocate water storage to Site C 
throughout operations and only 
manage minimal water within Site 
D 

Very Low 

12 
Extreme precipitation or runoff event: overtop 
of Site D Main Dam resulting in failure of 
dam 

Low 

• establish interim emergency 
overflow channel for TSF after 
each major construction lift Very Low 

13 
Failure of TSF Site D Main Dam filter zone 
resulting in excessive piping and collapse of 
dam 

Low 

• relocate water storage to Site C 
throughout operations and manage 
minimal water volume within Site D 

Very Low 

14 
Embankment deformation resulting in 
overtopping and discharge of supernatant 
pond 

Low 

• relocate water storage to Site C 
throughout operations and manage 
minimal water volume within Site D 

Very Low 

15 

Embankment deformation resulting in 
slumping of tailings 

 

Very Low 

• relocate water storage to Site C 
throughout operations and manage 
minimal water volume within Site D 

• monitor and maintain extensive 
subaerial tailings beach during 
operations separating the 
supernatant pond from the tailings 
dam 

Very Low 

20 

Failure to follow staged construction plan to 
meet filling requirements or storage of 
excess water leading to design freeboard 
violation 
 

Medium 

• establish extension of reclaim 
water system to open pit for 
emergency drawdown of the TSF 
pond 

• establish interim emergency 
overflow channel for TSF after 
each major construction lift 

Very Low 

21 

Inadequate tailings pond capacity or 
excessive water resulting in need to 
discharge tailings pond supernatant to 
receiving streams 
 

Medium 

• establish extension of reclaim 
water system to open pit for 
emergency drawdown of the TSF 
pond 

Very Low 

22 
Incorrect water balance modelling resulting in 
unexpected surplus or deficit of water 

Low 

• install diversion systems in areas 
upslope of TSF Site D (northern 
diversion) and upslope of mine 
facilities (southern diversion) for 
optional diversion of these 
catchment areas 

Very Low 
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3.5 FINAL RISK CLASSIFICATION 

A total of 39 hazards were identified and catalogued in Table 1 of Appendix A. The preliminary 
classification of each risk was shown on Figure 2.5. The preliminary classifications were completed 
based on the design measures and operational practices included in the TSF design, and included: 
• 2 medium risk ratings 
• 17 low risk ratings, and 
• 20 very low risk ratings. 

The improvements to the risk classifications were evaluated based on the additional mitigations and 
contingencies that were adopted as a result of the FMEA. Final classification of each risk is shown 
on Figure 3.3. The final classifications include: 
• 10 low risk ratings, and 
• 29 very low risk ratings. 

 

Figure 3.2 Final Risk Classification  
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4 – RESIDUAL RISKS TO WATER MANAGEMENT 

4.1 TEMPORARY SHUTDOWNS 

Temporary shutdowns have the potential to occur due to unforeseen financial conditions (e.g. severe 
drop in gold price) or extreme climate conditions (e.g. major forest fires, flooding, etc.). Facilities will 
be secured and maintained in a condition such that they can be rapidly restarted. The following 
measures will be evaluated and as appropriate, initiated to secure and maintain the TSF facilities: 
• Tanks that have a risk of sanding with ore or tailings slurry within the mill and tailings delivery 

system will be drained with their contents treated by the SO2/air treatment system and 
discharged to the TSF via the tailings pipeline. 

• The Northern and Southern Diversions will be used to divert fresh water to the fresh water 
reservoir and hence to Davidson Creek in order to maintain a low inventory of water in the TSF. 

• Water from Tatelkuz Lake will continue to be pumped and discharged to Davidson Creek to 
augment the flows from the diversions and maintain flows required for downstream aquatic 
resources as per the site water management plan. 

• Opportunities for temporary diversion of other water sources meeting discharge standards will be 
investigated (e.g. East Dump drainage and ECD). 

• Drainage from the temporary ore and low grade ore stockpiles will continue to be treated by the 
lime treatment system and discharged to the TSF. 

• Water will be recycled and discharged via the tailings distribution system or sprayed (e.g. by 
sprinklers) when required to maintain the beaches in a wetted condition to significantly restrict 
oxygen diffusion. 

• The TSF pond level will be monitored to confirm there is no encroachment on freeboard 
allowances and that the PAG/NAG3 waste rock remains saturated. If necessary PAG/NAG3 
waste rock piles above the water level will be bulldozed into the pond. 

• If necessary, surplus water from the tailings supernatant pond will be pumped into the open pit 
(after about year 4 when the pit is no longer free draining) to prevent encroachment on freeboard 
allowances. 

• If a tailings dam lift was being constructed at the time of the shutdown, the need to continue 
constructing the lift during the expected shutdown will be evaluated and the lift completed if 
required. 

• Natural degradation (e.g. photolysis) will reduce cyanide and metal concentrations in the TSF 
supernatant. If required, the supernatant could be recycled through the SO2/air treatment system 
to lower concentrations further. 

• If a prolonged temporary shutdown were deemed possible, the two water treatment plants (mill 
SO2/air and stockpile lime addition) will be evaluated for their suitability for treatment and 
discharge of mine site water to prevent surplus water accumulation. A wetland treatment system 
could also be constructed below the TSF Dam D to polish any effluent from the treatment 
systems. 

• Regular site and geotechnical inspections of the water management systems and TSF will 
continue. 
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4.2 PREMATURE CLOSURE 

Premature closure is the permanent closure of the mine before completion of the mine plan as 
described in the Application/EIS. The closure plan described for the final facility will be modified as 
required for the waste facilities in place at that time. The following measures will be applied in 
addition to those discussed for temporary closure and where still relevant, the closure plan in the 
Application/EIS: 
• The tailings dams are planned to be constructed at closure slopes, and will be evaluated to 

confirm the dams as constructed meet long-term closure stability requirements. Modifications will 
be made if required prior to final contouring and reclamation. 

• A wedge of overburden will be placed (by truck or wide-track dozer) or slurried onto the tailings 
beaches to cover the PAG tailings and shape the final closure pond to the desired size and 
location. A minimum 30 cm cover on the  PAG/NAG3 waste rock will be placed as described in 
the Application/EIS. 

• The water level will be allowed to rise such that the capillary fringe maintains PAG tailings in a 
partially saturated state restricting air entry. 

• The interim emergency overflow channel will be modified as necessary to establish a final 
closure spillway.  A secondary spillway will also be constructed. 

• Treatment wetlands will be constructed in the ECD and water reservoir basins to improve 
seepage quality as described in the Application/EIS. 

• Any unprocessed stockpiled coarse ore or low-grade ore will be deposited into the TSF or the 
open pit and will be flooded. 
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5 – SUMMARY 

The FMEA demonstrated that the majority of risks to the TSF are mitigated through measures in 
place in the current design and measures to be applied during permitting. The risk rating process did 
not identify any high or very high hazards. The two highest rated risks (medium) identified were as 
follows: 
• Excess water causing encroachment on freeboard allowance of the TSF, and 
• No recognition/response to site changes resulting in insufficient storage capacity of the TSF. 

The opportunity to enhance safety and reduce project risk through improvement in water 
management practices was evaluated during the risk assessment process. Several opportunities for 
improved water management became apparent during this review. These opportunities include 
consideration of the physical location of water storage, active management of undisturbed runoff 
contributing to the water balance, emergency removal of water from the pond, and dam safety in 
extreme conditions. 

The FMEA process identified several measures that reduce risk, with four additional measures 
providing the most benefit in risk reduction. These opportunities were grouped into two categories: 
mitigations and contingencies. The mitigations and contingencies work together to reduce overall 
project risk by managing likelihood and consequence of potential hazards. 

The mitigations were: 
• Installation of optional diversions upstream of TSF Site D (northern diversion) and upstream of 

the mine facilities south of the TSF (southern diversion) to convey any excess water around 
rather than into the tailings facility, and 

• Transfer and storage of the majority of tailings pond supernatant in TSF Site C to minimize water 
in TSF Site D and maximize the beach width. 

The contingencies were: 
• Establishment of interim emergency overflow channels around the Site D Main Dam during 

operations to ensure that the incremental increase in runoff from the Probable Maximum Flood 
(PMF) during operations is safely transmitted around the dam in a controlled manner, and 

• Emergency water storage in the open pit in the event that excessive water is encountered in the 
TSF that causes a violation of freeboard requirements and water levels need to be lowered  Use 
of the emergency pit storage will lead to a suspension of operations. 

These additional practices combined with the design measures and practices already in place in the 
project design comprise the best available practices for the project TSF. The FMEA created a 
catalogue of potential hazards to the proposed TSF and documents the best available practices to 
mitigate the risk of each hazard. The FMEA is considered to be a living document that will be 
updated periodically during subsequent stages of design, operations, and during closure of the TSF. 

The additional mitigations and contingencies will be developed further during permitting, design and 
early construction to establish an implementation strategy, which provides further reduction of risk to 
the current low risk TSF design developed for the Blackwater Gold Project. 
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APPENDIX A 

 

FAILURE MODES AND EFFECTS ASSESSMENT – TABLE 1 

 
(Pages A-1 to A-6)  



L I L I

1 Site D Coffer Dam C

Extreme precipitation or runoff event: Overtop 
of coffer dam resulting in loss of dam fill 
material and sediment loading to receiving 
streams

• coffer dam sized to store 1 in 10 year event 
under wetter than average conditions
• coffer dam spillway designed for 1 in 200 
year event
• freshet pumpback system can dewater full 
pond in 10 days
• sediment control pond positioned 
downstream of coffer dam

2 2 4 Low

• maintain low spot during 
construction of dam as 
preferential emergency swale 

2 1 2 Very Low

2 Site C Coffer Dam C

Failure of pumping system for coffer dam: 
coffer dam overflows resulting in discharge of 
suspended solids and sediment loading to 
receiving streams

• sediment control pond positioned 
downstream of coffer dam
• three (3) month exposure period before 
Stage 1A of Site C Main Dam is constructed
• Site D coffer dam position downstream of 
coffer dam with pumpback system

• test pumping system prior to use
• regular monitoring and maintenance of 
pumping system

2 1 2 Very Low

• maintain low spot during 
construction of dam as 
preferential emergency swale 

2 1 2 Very Low

3 Site C and D Coffer 
Dams C

Coffer dam failure due to any mechanism 
leading to loss of containment with loss of dam 
contents (water and sediment) and dam 
materials to receiving streams

• dam designed with 2H:1V upstream and 
downstream slopes and 10 m crest width
• sediment control pond positioned 
downstream of coffer dam                                 

• monitor coffer dam contruction
• visual observations daily during operation
• establish EOR notification as part of OMS 
manual    

2 2 4 Low

• maintain low spot during 
construction of dam as 
preferential emergency swale 1 2 2 Very Low

4 Diversion/Collection 
Ditches C/O

Erosion of construction diversion ditches: high 
suspended solids and sediment loading to 
receiving streams

• ditches are designed to manage sediment 
during conveyance with erosion control BMPs 
(eg: sediment basins and check dams) and are 
armoured to prevent erosion                              

• construct diversion ditches in winter or during 
dry period
• monitor effectiveness and integrity of 
diversion ditches during routine daily 
inspections

3 1 3 Very Low 3 1 3 Very Low

5 Sediment Control 
Ponds C/O

Excessive erosion or high flows from 
construction areas including borrow sites 
during runoff events: high suspended solids 
and sediment loading from SCP's to receiving 
streams

• BMPs designed for erosion control at source
• establish sediment control structures prior to 
disturbance
• SCPs sized to accomodate live storage of  1 
in 10 year event to settle out 0.01 mm particles 
with minimum 10 hour retention
• SCPs and outlet spillway designed to 
withstand a 1 in 200 year event
• flocculent addition available if required   

• monitor sediment level in SCP and remove 
as required
• monitor effectiveness of BMPs during 
operations
• revise location and size of BMPs and SCPs 
as required
• add new BMP measures as required
• monitor TSS and turbidity in sediment pond 
discharges

3 1 3 Very Low 3 1 3 Very Low

6 TSF Site C Dam C

Too rapid rate of initial construction and filling 
of TSF dam: high pore pressures, foundation 
movement causing instability and TSF dam 
failure

• substantial geotechnical investigation has 
been completed within dam footprint
• initial construction includes 3 stages with 
downstream step outs prior to dam raising
• 2H:1V slopes distribute loading
• foundation drains to prevent development of 
adverse pore pressure conditions
• instrumentation plan in the design report 
includes vibrating wire piezometers in 
foundation                                                          

• monitor pore pressures in dam foundation 
and fill and adjust construction and filling 
schedule as required
• visual observations daily during construction
• analyze stability for interim phases and short 
term loading conditions
• establish trigger or alarm levels for pore 
pressures
• establish EOR notification as part of OMS 
manual
• establish emergency response plan
• conduct confirmatory investigations prior to 
detailed engineering targeting glaciolacustrine 
materials in dam foundation to confirm design 
parameters    

1 4 4 Low

                                              

1 4 4 Low

7 TSF Site C Dam O/CL

TSF dam foundation failure: foundation 
movement resulting in collapse of Site C 
tailings dam

• substantial geotechnical investigations 
conducted
• 2H:1V slopes distribute loading
• only one operational dam raise, downstream 
construction method
• PAG/NAG3 buttress downstream of Site C 
Dam progressively increases throughout 
operations
• instrumentation plan maximum dam section 
including movement monuments and vibrating 
wire piezometers                                                

• conduct additional investigations prior to and 
during early construction
• visual observations daily during construction
• commission independent review of design
• consider additional monitoring sections 

1 3 3 Very Low 1 3 3 Very Low

Print Dec/09/15 11:36:56

TABLE 1

NEW GOLD INC. 

BLACKWATER GOLD PROJECT

FAILURES MODES AND EFFECTS ASSESSMENT

SCORE SCORE
RISK CATERGORY

RISK 

NO.
KEY DEFENSIVE MEASURES IN PLACEPHASE

KEY DEFENSIVE MEASURES TO BE 

APPLIED IN PERMITTING

ADDITIONAL 

CONTINGENCY 

MEASURES

RISK RATING RISK RATING
MITIGATED 

CLASSIFICATION

ADDITIONAL MITIGATION 

MEASURES
ImpactCLASSIFICATIONRISK DESCRIPTION Likelihood Impact Likelihood

A-1 of 6



L I L I

Print Dec/09/15 11:36:56

TABLE 1

NEW GOLD INC. 

BLACKWATER GOLD PROJECT

FAILURES MODES AND EFFECTS ASSESSMENT

SCORE SCORE
RISK CATERGORY

RISK 

NO.
KEY DEFENSIVE MEASURES IN PLACEPHASE

KEY DEFENSIVE MEASURES TO BE 

APPLIED IN PERMITTING

ADDITIONAL 

CONTINGENCY 

MEASURES

RISK RATING RISK RATING
MITIGATED 

CLASSIFICATION

ADDITIONAL MITIGATION 

MEASURES
ImpactCLASSIFICATIONRISK DESCRIPTION Likelihood Impact Likelihood

8 TSF Site D Dam C

Too rapid rate of initial construction and filling 
of TSF dam: high pore pressures, foundation 
movement causing instability and TSF dam 
failure

• initial construction includes 3 stages with 
downstream step outs prior to dam raising
• multi-year construction timeframe
• substantial geotechnical investigation has 
been completed within dam footprint                  

• monitor pore pressures in dam foundation 
and fill and adjust construction and filling 
schedule as required
• visual observations daily during construction
• analyze stability for interim phases and short 
term loading conditions
• establish trigger or alarm levels for pore 
pressures
• establish EOR notification as part of OMS 
manual
• establish emergency response plan
• conduct confirmatory investigations prior to 
detailed engineering targeting glaciolacustrine 
materials in dam foundation to confirm design 
parameters    

1 4 4 Low

                                              

1 4 4 Low

9 TSF Site D Dam O/CL

TSF dam foundation failure: foundation 
movement resulting in collapse of Site D 
tailings dam

• extensive geotechnical investigations 
conducted
• instrumentation installed along five sections 
including movement monuments and vibrating 
wire piezometers and slope inclinometers 
(three sections)
• NAG3/PAG waste rock upstream zone on 
Site D Main Dam adds strength
• dam raising scheduled such that downstream 
butresses are complete prior to associated 
dam raise                      

• visual observations daily during  construction
• map cut-off trench excavation during 
construction of Site D Main Dam          

1 5 5 Low

• relocate water storage to 
Site C throughout operations 
and only manage minimal 
water within Site D 

1 3 3 Very Low

10 TSF Site D Dam O/CL

Ponding on tailings dam crest or downstream 
shell: erosion of dam fill leading to localized 
scour of slopes (flows to ECD)

• rockfill construction materials not highly 
susceptible to scour
• final reclamation plan includes for long-term 
stabilization of exposed erodible materials

• visual observations daily during operations
• create water bars to drain ponded water to 
tailings pond or collection ditches as required
• re-grade surface to prevent ponding 3 1 3 Very Low 3 1 3 Very Low

11 TSF Site D Dam O/CL

Inclusion of ice or snow in tailings dam fill: 
settlement of dam resulting in deformation but 
not loss of containment

• special winter construction measures for fill 
surface preparation
• dam shell construction less susceptible to 
freezing conditions                                             

• visual observations of daily fill placement
• construction quality control / quality 
assurance requirements
• completion of test fill placement during winter 
conditions to confirm specific lift thickness, 
and placement and compaction times and 
level of effort
• OMS requirements for daily monitoring in 
winter to include photographs of fill surface 
preparation

3 1 3 Very Low 3 1 3 Very Low

12 TSF Site D Dam O/CL

Extreme precipitation or runoff event: overtop 
of Site D Main Dam resulting in failure of dam

• tailings facility designed to store the IDF 
assuming all  diversions fail
• IDF during operations 2/3rds between 1/1000 
yr flood and PMF; IDF during closure is the 
PMF
• design includes multiple spillways in place for 
closure
• closure spillway designed for PMF
• dam staging includes allowance for IDF 
storage above operational freeboard                 

• establish maximum filling level for each 
construction stage
• monitor filled capacity of the TSF and 
available storm storage regularly
• establish emergency response plan                 

1 5 5 Low

• establish interim emergency 
overflow structures for TSF 
after each major construction 
lift   

1 3 3 Very Low
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13 TSF Site D Dam O/CL

Failure of TSF Site D Main Dam filter zone 
resulting in excessive internal erosion, leading 
to piping and collapse of dam

• dam designed with ten meter wide core zone, 
two meter wide filter and two meter wide 
transition zone (second filter)
• downstream drain zone and longitudinal drain 
pipe included in design to manage seepage 
flows
• instrumentation planning includes pore 
pressure monitoring to confirm drain behaviour 

• contruction quality control / quality assurance 
requirements to confirm as-built dam meets 
design specifications
• establish OMS criteria for inspection of 
production and storage of engineered 
materials
• establish EOR notification as part of OMS 
manual
• establish emergency response plan
• commission independent review of design

1 5 5 Low

• relocate water storage to 
Site C throughout operations 
and manage minimal water 
volume within Site D 

1 3 3 Very Low

14 TSF Site D Dam O/CL

Embankment deformation resulting in 
overtopping and discharge of supernatant 
pond 

• TSF beaches developed to separate 
supernatant pond from embankment                 

• monitor and maintain extensive subaerial 
tailings beach during operations separating the 
supernatant pond from the tailings dam        1 5 5 Low

• relocate water storage to 
Site C throughout operations 
and only manage minimal 
water within Site D 

1 2 2 Very Low

15 TSF Site D Dam O/CL

Embankment deformation resulting in slumping 
of tailings

• tailings slurry with 50% solids content will 
generate a coarse beach partially drained 
except during active discharge

1 3 3 Very Low

• relocate water storage to 
Site C throughout operations 
and only manage minimal 
water within Site D
• monitor and maintain 
extensive subaerial tailings 
beach during operations 
separating the supernatant 
pond from the tailings dam     

1 2 2 Very Low

16 TSF Site D Dam O/CL

PAG or NAG3 waste rock used in Site D 
tailings dam downstream shell: contamination 
of runoff and seepage to ECD

• water flows to ECD for recycle back to TSF 
pond (no discharge)
• extensive geochemical model has been 
developed  and will be updated as mining 
progresses
• overburden and NAG5 material used in dam 
construction with very limited NAG4                   

• daily dig plans incorporating geochemical 
information to be established to ensure proper 
identification and handling of waste rock
• database of waste rock geochemical 
properties, mining and deposition records to 
be maintained
• confirmatory testing of waste rock to be 
completed periodically at source and upon 
placement      

3 1 3 Very Low 3 1 3 Very Low

17 TSF Site D Dam O/CL

Unexpected metal or nitrogen leaching from 
NAG waste rock and/or overburden used in 
TSF Site D dam shell construction: 
contamination of surface runoff and seepage 
to ECD

• water flows to ECD for recycle back to TSF 
pond (no discharge)
• monitor quality and quantity of runoff from 
dam at the ECD
• recycle water from ECD to TSF until meets 
discharge requirements (closure)

3 1 3 Very Low 3 1 3 Very Low

18 TSF Site D Dam O/CL

Failure of TSF Site D cutoff trench resulting in 
increased seepage

• seepage flows predicted to surface and be 
captured at the ECD for recycle back to TSF 
pond (no discharge)
• interception trenches designed to capture 
residual seepage not surfacing
• substantial geotechnical investigations 
conducted to determine cutoff trench depth - to 
be confirmed during construction
• pump back system designed for flood 
conditions, increased seepage would not 
impact ability to manage flows      

• monitor quality and quantity of runoff from 
dam at the ECD                                        

2 3 6 Low 2 3 6 Low

19 TSF Site D O/CL

Landslide or avalanche into TSF Site D 
resulting in supernatant pond wave and/or 
additional material in TSF

• low risk of landslides or avalanches given 
topography
• TSF beaches developed to separate 
supernatant pond from embankment                 

• monitor snow accumulations in catchment 
above TSF

1 2 2 Very Low 1 2 2 Very Low
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20 TSF Site C or D O

Failure to follow staged construction plan to 
meet filling requirements or storage of excess 
water leading to design freeboard violation

• maximum filling level defined for each 
construction stage
• dam stages constructed to match storage 
requirement for preceding year
• availability of construction fill requirements for 
each stage based on mine waste production 
schedule
• dam staging includes allowance for IDF 
storage above operational freeboard
• tailings facility designed to store the IDF 
assuming all diversions fail                                

• monitor filled capacity of the TSF and 
available storm storage regularly during 
operations
• monitor construction material delivery 
continuously during operations
• establish quantitative performance objective 
during permitting to prevent freeboard 
violations   

3 3 9 Medium

                          • establish extension of 
reclaim water system to open 
pit for emergency drawdown 
of the TSF pond
• establish interim emergency 
overflow structures for TSF 
after each major construction 
lift   

1 1 1 Very Low

21 TSF Site C or D O

Inability to recognize and respond to changes 
at the site (e.g. increased disturbance area, 
low NAG waste rock/overburden production for 
dam construction, climate conditions 
consistently wetter than average, extended 
mine life): inadequate tailings pond capacity or 
excessive water resulting in need to discharge 
tailings pond supernatant to receiving streams

• water balance modelling includes 
consideration for range of climate possibilities 
including consistently wetter than average 
conditions
• waste rock and overburden materials used 
for construction of dams based on detailed 
mine waste model                                              

• water balance modelling to be continually 
reevaluated during operations
• annual review by EOR will consider recent 
changes to the site and potential impacts to 
design 3 3 9 Medium

• establish extension of 
reclaim water system to open 
pit for emergency drawdown 
of the TSF pond

1 1 1 Very Low

22 TSF Site C or D O

Incorrect water balance modelling resulting in 
unexpected surplus or deficit of water 

• water balance modelling includes 
consideration for range of climate possibilities 
including consistently wetter than average 
conditions                                            

• monitor water balance including water levels 
in tailings pond regularly
• maintain water balance model including 
projection of future conditions and needs
• conduct annual tailings pond capacity 
investigations

2 2 4 Low

• install diversions systems in 
areas upslope of TSF Site D 
(northern diversion) and 
upslope of mine facilities 
(southern diversion) for 
optional diversion of these 
catchment areas

1 1 1 Very Low

23 TSF Site C or D Dams O/CL

Extreme seismic activity: large earthquake 
resulting in embankment deformation and/or 
tailings liquefaction

• tailings dams designed for MCE
• tailings dam designed to not be reliant on 
tailings strength for stability during earthquake 
(assumes tailings liquified)
• predicted settlement during MCE less than 
design freeboard
• tailings slurry with 50% solids content will 
generate a coarse beach partially drained 
except during active discharge                          

• inspect tailings dam immediately after any 
seismic event 

1 4 4 Low 1 4 4 Low

24 ECD O

High sediment loading to ECD reducing pond 
capacity

• monitor sediment loading to ECD
• sediment and erosion control BMPs in place
• reclamation concurrent with construction and 
in closure to minimize sediment transport          

• remove additional sediment from ECD

3 1 3 Very Low 3 1 3 Very Low

25 ECD O

Failure of recycle water pump or pipeline from 
ECD to tailings pond resulting in excessive 
water in ECD

• system comprised of three operating and one 
installed spare pump
• normal operating conditions only one pump 
required
• pump system is level actuated to maintain 
ECD pond in dewatered condition
• three operating pumps required to dewater 
pond after 1/100 year flood event

1 2 2 Very Low 1 2 2 Very Low

26 ECD O

Seepage or runoff exceeds pumping capacity 
of ECD resulting in discharge from ECD to 
receiving streams

• ECD designed to capture 1/100 yr. event 
(pumped out over 10 days)
• spillway designed to pass 1/200 yr. event 2 2 4 Low 2 2 4 Low

27 TSF Site C or D O
Unforeseen capital costs for TSF construction • feasibility study cost estimate completed         

2 2 4 Low 2 2 4 Low
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28 ECD O/CL

Unforeseen seepage or run-off resulting in 
overtopping of ECD

• system comprised of three operating and one 
installed spare pump
• normal operating conditions only one pump 
required
• pump system is level actuated to maintain 
ECD pond in dewatered condition
• three operating pumps required to dewater 
pond after 1/100 year flood event
• spillway installed in ECD                                  

• monitor and clean spillway as required

1 3 3 Very Low 1 3 3 Very Low

29 ECD O/CL

Failure of ECD due to piping • ECD designed to be drawn down to minimum 
operating level
• designed with minimum 6 m-wide core zone, 
2 m filter zone and 2 m transition zone
• downstream filter to prevent piping when 
pond full, upstream filter to prevent piping 
during rapid drawdown
• downstream drain zone and longitudinal drain 
pipe included in design to manage seepage 
flows, if any                                    

• contruction quality control / quality assurance 
requirements to confirm as-built dam meets 
design specifications
• instrumentation installed to monitor 
porewater pressure
• establish trigger or alarm levels for pore 
pressures
• establish EOR notification as part of OMS 
manual
• establish emergency response plan 

1 3 3 Very Low 1 3 3 Very Low

30 ECD O/CL

Blockage of the spillway in ECD by debris • ECD designed to capture 1/100 yr. event 
(pumped out over 10 days)
• system comprised of three operating and one 
installed spare pump
• normal operating conditions only one pump 
required
• pump system is level actuated to maintain 
ECD pond in dewatered condition                      

• monitor and clean spillway as required

1 2 2 Very Low 1 2 2 Very Low

31 ECD O/CL

Unexpected metal or nitrogen leaching from 
NAG waste rock and/or overburden used in 
ECD dam construction: contamination of water 
reservoir and discharge to receiving streams

• overburden for reclamation of downstream 
dam face will not be blasted so no nitrogen 
present    

• select waste rock that has been only lightly 
blasted or has been rinsed by precipitation and 
runoff
• test rock to be used in ECD dam for ML/ARD 
potential (use best NAG5 rock) 

2 3 6 Low 2 3 6 Low

32 ECD O/CL

Excessive metals or increase in unrecoverable 
seepage to receiving streams during 
operations and closure

• ECD and interception trenches positioned 
downstream to intercept seepage and reduce 
potential for unrecoverable seepage
• slow movement of groundwater allows early 
monitoring of plume  

• monitor and evaluate downstream surface 
water quality during operations and closure 
and investigate and mitigate any exceedances
• groundwater monitoring locations between 
Site D Main Dam and ECD, as well as beyond 
the ECD to monitor seepage water quality 
during operations and closure    

2 2 4 Low 2 2 4 Low

33 Tailings Distribution 
Pipeline O

Failure of tailings distribution line on tailings 
dam resulting in discharge of tailings outside of 
impoundment footprint 

• tailings distribution line designed to withstand 
expected pressures
• tailings distribution lines arranged such that 
any potential discharge would be contained in 
the impoundment area
• distribution system includes redundancies to 
switch distribution pipeline in the event of a 
failure
• periodic replacement of tailings pipelines 
included in sustaining capital costs                    

• regular inspections of tailings line
• quality assurance / quality control on pipe 
welding
• place tailings distribution line on inside edge 
of tailings dam (between edge of dam crest 
and road safety berm)      3 1 3 Very Low 3 1 3 Very Low

34 TSF CL

Blockage of TSF spillways by debris • multiple spillways in TSF dams • inspect dam annually during closure to 
ensure spillway clean and remove obstructions 
as required                                                        

3 1 3 Very Low 3 1 3 Very Low
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35 TSF CL

Inadequate capacity of spillways to convey 
flows

• multiple spillways in TSF dams
• TSF spillways designed for PMF at closure
• design includes additional depth of spillway 
as safety factor                                           

1 2 2 Very Low 1 2 2 Very Low

36 TSF Site D CL

Excessive metals in tailings pond supernatant 
and seepage discharge to receiving streams 
during closure

• tailings deposition planned to submerge PAG 
prior to prevent ARD and minimze ML 
conditions developing
• seepage reporting to ECD
• TSF designed to maintain water cover over 
PAG and tailings with seasonal variability
• all PAG tailings and waste rock to be covered 
by 30 cm of overburden
• seepage flows predicted to surface and be 
captured at the ECD for recycle back to TSF 
pond (no discharge)
• significant attenuation capicity in subsurface 
materials                                                            

• recycle water from ECD to TSF until meets 
discharge requirements (closure)
• monitor and evaluate downstream water 
quality during closure and investigate and 
mitigate any exceedances
• monitor groundwater quality                     

2 2 4 Low 2 2 4 Low

37 CN Treatment Plant CL

Excessive CN in tailings pond supernatant and 
seepage discharge to receiving streams during 
closure

• monitor performance of plant during 
operations including continuous pH sensor
• seepage flows predicted to surface and be 
captured at the ECD for recycle back to TSF 
pond (no discharge)
• recycle water from ECD to TSF until meets 
discharge requirements (closure)
• significant attenuation capicity in subsurface 
materials                                                           

• monitor and evaluate downstream water 
quality during closure and investigate and 
mitigate any exceedances
• monitor groundwater quality   

2 2 4 Low 2 2 4 Low

38 TSF Site D CL

Extreme drought: inadequate water cover 
resulting in acid generation from the tailings or 
PAG waste rock contaminating seepage and 
tailings pond supernatant discharge to 
receiving streams

• analysis shows very low probability of loss of 
water cover
• all PAG tailings and waste rock to be covered 
by 30 cm of overburden
• organic layer will naturally build up on top of 
overburden cover (scavenge oxygen)

1 2 2 Very Low 1 2 2 Very Low

39 TSF Site D/ECD CL

Settlement of tailings leading to formation of 
depression on the tailings surface and inability 
to meet closure objectives including location of 
closure water pond.

• tailings coarse and fine fraction will be 
separated through deposition (settlement likely 
to be most significant in center of TSF)              

• annual review by EOR will consider potential 
impacts of settlement on closure plan 

2 1 2 Very Low 2 1 2 Very Low
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NEW GOLD INC. 

BLACKWATER GOLD PROJECT 

 

TAILINGS STORAGE FACILITY FAILURE MODES AND EFFECTS ASSESSMENT REPORT 

OPPORTUNITIES – NORTHERN DIVERSION 

B.1 INTRODUCTION 

A monthly operational and closure water balance was developed for the Blackwater Project and 
presented in the Mine Waste and Water Management Design Report (KP, 2014a). The water balance 
model results indicated that the tailings storage facility (TSF) will be in a balance under average 
precipitation conditions throughout the first ten years of operations. A surplus condition was predicted to 
begin in Year 11 and was expected to increase steadily over time until the end of mining. The report 
recommended that runoff from a portion of the upstream contributing catchment could be diverted around 
the facility to Davidson Creek to reduce the volume of water reporting to the TSF later in mine life. 
However, the surplus in the later mine years was considered to be a desirable feature as it resulted in a 
larger pond that could be pumped to the Open Pit upon closure to accelerate pit filling and mitigate the 
onset of acid rock drainage from the pit walls. 

This letter presents the proposed design concept of the northern diversion structure and water 
conveyance pipeline to provide operational flexibility to capture or divert flows depending on annual water 
balance conditions and closure plans. 

B.2 DESIGN BASIS 

Table 1 presents the design basis for the proposed diversion structure and water conveyance pipeline. 
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Table 1  Design Basis Summary 

ITEM DESIGN CRITERIA 

1.0 GENERAL 

Codes and Standards 
Dike Design and Construction Guide, Best Management Practices for British 
Columbia, July 2003 
Canadian Dam Association Dam Safety Guidelines, 2007 Revised 2013  

Design Operating Life 17 years 

Site Elevation Intake ~ EL.1350m 
Discharge ~ EL.1165m 

2.0 DIVERSION STRUCTURE 
Function Head pond for water conveyance pipeline 
Type Reinforced Concrete and Earthfill  

Inflow Design Flood (IDF) Maximum mean monthly flow for catchment with zero discharge to the TSF 
Site D. 

Spillway Design Flow (SDF) 
1 in 200 yr peak instantaneous flow; assuming collection ditches are capable 
of conveying full runoff to the diversion structure and water conveyance 
pipeline is inoperable. Freeboard – 0.5 m 

3.0 WATER CONVEYANCE PIPELINE 
Function Convey collected runoff to the Freshwater Reservoir 
Type HDPE  
Inflow Design Flood (IDF) 
 

Maximum mean monthly flow for catchment with zero discharge to the TSF 
Site D. 

4.0 COLLECTION DITCHES 

Function Collect upstream catchment for diversion 
Type Earth excavation; lined to avoid erosion and contamination of receiving waters.
Inflow Design Flood (IDF) 1 in 10 year peak instantaneous flow 

B.3 DESIGN METHODOLOGY 

The proposed northern diversion system has been sized to convey runoff for the area northwest of the 
TSF Site D, as shown on Figure B.1. Water is expected to pass over the intake structure spillway during 
extreme runoff events, for short durations, however the volume of water reporting to the TSF Site D is 
anticipated to be minimal when compared to the supernatant pond volume and will have little impact on 
the water balance. Overflow to the TSF during extreme runoff events can be offset by subsequent 
diversion during average conditions to maintain water within the preferred operating limits. The design 
peak flows for each of the northern diversion system components have been calibrated for their 
respective catchment area using project site long term unit runoff and regional peak flow estimates (KP, 
2013a). 

Table 2  Design Peak Flows 

Item Design Event 
Catchment Area 

(Square Kilometer) 
Design Flow 

(Cubic Meter/Second)

Water Conveyance Pipeline Max. Mean Monthly  9.7 0.2 
Gated Sluice Pipe (Bypass) Max. Mean Monthly  9.7 0.2 

Overflow Spillway 200 Year 9.7 6.5 
Northern Collection Ditch 10 Year 1.0 0.5 
Southern Collection Ditch 10 Year 1.4 0.6 
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B.4 RESULTS 

The northern diversion structure consists of a 3.5 m high concrete structure to provide submergence to 
the water conveyance pipeline. The 16-inch diameter HDPE water conveyance pipeline is sized to convey 
the estimated maximum mean monthly flow of 0.2 m3/s. The northern diversion structure will include a 
gated sluice pipe to clean out sediment accumulation. Flow from the water conveyance pipe will enter the 
Freshwater Reservoir, via an energy dissipation structure, prior to release to Davidson Creek. Fish 
passage has been excluded. 

The northern diversion structure spillway design conveys the full 200 year design peak flow of 6.5 m3/s; 
assuming the water conveyance pipeline and gated sluice pipe are inoperable. The spillway will consist of 
a 5 m wide broad crested weir capable of passing the design storm while maintaining 0.5 m of freeboard 
between the maximum water level and the crest of the structure. 

The northern and southern collection ditches have been designed with sufficient capacity to convey the 
runoff and withstand erosive forces from the 10 year design peak flow of 0.5 and 0.6 m3/s, respectively. A 
typical ditch cross-section is presented on Figure B.3. Erosion resistant material will be placed over a 
non-woven geotextile, which will help prevent erosion of fine underlying soils. 

Although not needed until year 10 for average conditions it is recommended that the diversion structure 
be constructed during the early years of project development to control the volume of water reporting to 
the TSF prior to operations and to provide water management features to control the accumulation of the 
supernatant pond in the TSF during wetter than average years. 

B.5 REFERENCES 

Knight Piésold Ltd. (KP, 2013a). New Gold Inc., Blackwater Gold Project 2013 Hydrometeorology Report 
(Ref. No. VA101-457/6-12 Rev. 0) November 4, 2013. 

Knight Piésold Ltd. (KP, 2014a). New Gold Inc., Blackwater Gold Project Mine Waste and Water 
Management Design Report (Ref. No. VA101-457/6-11 Rev. 2) September 12, 2014 
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TAILINGS STORAGE FACILITY FAILURE MODES AND EFFECTS ASSESSMENT REPORT 

OPPORTUNITIES – SOUTHERN DIVERSION 

C.1 INTRODUCTION 

A monthly operational and closure water balance was developed for the Blackwater Project and 
presented in the Mine Waste and Water Management Design Report (KP, 2014a). The water balance 
model results indicated that the tailings storage facility (TSF) will be in a balance under average 
precipitation conditions throughout the first ten years of operations. A surplus condition was predicted to 
begin in Year 11 and was expected to increase steadily over time until the end of mining. The report 
recommended that runoff from a portion of the upstream contributing catchment could be diverted around 
the facility to Davidson Creek to reduce the volume of water reporting to the TSF later in mine life. 
However, the surplus in the later mine years was considered to be a desirable feature as it resulted in a 
larger pond that could be pumped to the Open Pit upon closure to accelerate pit filling and mitigate the 
onset of acid rock drainage from the pit walls. 
 
This letter presents the proposed design concept of the southern diversion structure and water 
conveyance pipeline to provide operational flexibility to capture or divert flows depending on annual water 
balance conditions and closure plans. 

C.2 DESIGN BASIS 

Table 1 presents the design basis for the proposed diversion structure and water conveyance pipeline. 
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Table 1  Design Basis Summary 

ITEM DESIGN CRITERIA 

1.0 GENERAL 

Codes and Standards 
Dike Design and Construction Guide, Best Management Practices for 
British Columbia, July 2003 
Canadian Dam Association Dam Safety Guidelines, 2007 Revised 2013 

Design Operating Life 17 years 

Site Elevation Intake ~ EL.1,450 m  
Discharge ~ EL.1,165 m 

2.0 DIVERSION STRUCTURE 
Function Head pond for water conveyance pipeline 
Type Reinforced Concrete and Earthfill 

Inflow Design Flood (IDF) Maximum mean monthly flow for catchment with zero discharge to the 
TSF Site D. 

Spillway Design Flow (SDF) 
1 in 200 yr peak instantaneous flow; assuming collection ditches are 
capable of conveying full runoff to the diversion structure and water 
conveyance pipeline is inoperable. Freeboard – 0.5 m 

3.0 WATER CONVEYANCE PIPELINE

Function Convey collected runoff to the Freshwater Reservoir 
Type HDPE  
Inflow Design Flood (IDF) 
 

Maximum mean monthly flow for catchment with zero discharge to the 
TSF Site D. 

4.0 COLLECTION DITCHES 

Function Collect upstream catchment for diversion 

Type Earth excavation; lined to avoid erosion and contamination of receiving 
waters. 

Inflow Design Flood (IDF) 1 in 10 year peak instantaneous flow 

C.3 DESIGN METHODOLOGY 

The proposed southern diversion system has been sized to convey runoff for the area southwest of the 
open pit and west dump, as shown on Figure C.1. Water is expected to pass over the intake structure 
spillway during extreme runoff events, for short durations, however the volume of water reporting to the 
TSF Site D is anticipated to be minimal when compared to the supernatant pond volume and will have 
little impact on the water balance. Overflow to the TSF during extreme runoff events can be offset by 
subsequent diversion during average conditions to maintain water within the preferred operating limits. 
The design peak flows for each of the southern diversion system components have been calibrated for 
their respective catchment area using project site long term unit runoff and regional peak flow estimates 
(KP, 2013a). 

Table 2  Design Peak Flows 

Item Design Event 
Catchment Area 

(Square Kilometer) 
Design Flow 

(Cubic Meter/Second) 
Water Conveyance Pipeline Max. Mean Monthly  5.4 0.1 
Gated Sluice Pipe (Bypass) Max. Mean Monthly  5.4 0.1 

Overflow Spillway 200 Year 5.4 4.1 
Collection Ditch 10 Year 3.9 1.3 
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C.4 RESULTS 

The southern diversion structure consists of a 3.5 m high concrete structure to provide submergence to 
the water conveyance pipeline. The 10-inch diameter HDPE water conveyance pipeline is sized to convey 
the estimated maximum mean monthly flow of 0.1 m3/s. The southern diversion structure will include a 
gated sluice pipe to clean out sediment accumulation. Flow from the water conveyance pipe will enter the 
Freshwater Reservoir, via an energy dissipation structure, prior to release to Davidson Creek. Fish 
passage has been excluded.  

The southern diversion structure spillway design conveys the full 200 year design peak flow of 4.1 m3/s; 
assuming the water conveyance pipeline and gated sluice pipe are inoperable. The spillway will consist of 
a 3 m wide broad crested weir capable of passing the design storm while maintaining 0.5 m of freeboard 
between the maximum water level and the crest of the structure. 

The collection ditch has been designed with sufficient capacity to convey the runoff and withstand erosive 
forces from the 10 year design peak flow of 1.3 m3/s. A typical ditch cross-section is presented on Figure 
C.3. Erosion resistant material will be placed over a non-woven geotextile, which will help prevent erosion 
of fine underlying soils. 

Although not needed until year 10 for average conditions it is recommended that the diversion structure 
be constructed during the early years of project development to control the volume of water reporting to 
the TSF prior to operations and to provide water management features to control the accumulation of the 
supernatant pond in the TSF during wetter than average years. 

C.5 REFERENCES 

Knight Piésold Ltd. (KP, 2013a). New Gold Inc., Blackwater Gold Project 2013 Hydrometeorology Report 
(Ref. No. VA101-457/6-12 Rev. 0) November 4, 2013. 

Knight Piésold Ltd. (KP, 2014a). New Gold Inc., Blackwater Gold Project Mine Waste and Water 
Management Design Report (Ref. No. VA101-457/6-11 Rev. 2) September 12, 2014. 

 

 

C-3 of 6



C-4 of 6



C-5 of 6



C-6 of 6



NEW GOLD INC. 

 BLACKWATER GOLD PROJECT 
 

TAILINGS STORAGE FACILITY 
FAILURE MODES AND EFFECTS 
ASSESSMENT REPORT 

 VA101-457/15-2 Rev 0 
December 9, 2015 

 

APPENDIX D 

 

SITE C WATER STORAGE 

 
(Pages D-1 to D-8)  



 

  VA101-457/15-2  Rev 0 
December 9, 2015 

APPENDIX D 

 

NEW GOLD INC. 

BLACKWATER GOLD PROJECT 

 

TAILINGS STORAGE FACILITY FAILURE MODES AND EFFECTS ASSESSMENT REPORT 

OPPORTUNITIES – RELOCATION OF WATER STORAGE TO TSF SITE C 

D.1 INTRODUCTION 

The Failure Modes and Effects Assessment (FMEA) demonstrated the majority of risks to the Blackwater 
Gold Project (the Project), are mitigated through the key defensive measures in place in the current 
design and key defensive measures to be applied during permitting. The design summary of the TSF 
concept was presented in the Mine Waste and Water Management Design Report (KP, 2014a). The 
highest rated risks can be reduced further with additional design elements, operational practices, and 
contingencies. 

A strategy for relocation of the majority of water storage from Site D to Site C throughout operations was 
identified as one of the additional mitigation measures that would further reduce the overall risk of TSF 
design. 

The relocation of water storage to Site C from Site D reduces overall risk of the TSF by several means. 
Water storage relocated from the impoundment undergoing active construction to the inactive 
impoundment reduces one variable of impoundment filling. It simplifies mine waste disposal planning 
within the active impoundment and increases flexibility to actively manage the location where the tailings 
beach meets the co-disposed potentially acid generating (PAG) waste rock platform thereby improving 
the ability to meet closure plan objectives. The reduction in the supernatant pond will increase subaerial 
beach length, which is an indicator of improved dam safety. The storage of water outside of the active 
impoundment decreases the likelihood and consequences of containment loss in the event of 
embankment deformation. 

D.2 WATER MANAGEMENT OBJECTIVES 

The key water management objective for the Project is to provide sufficient mill water reclaim 
requirements and maintain the PAG and NAG3 waste rock disposal area (referred to as the PAG disposal 
area) in the TSF in a subaqueous state, while mitigating environmental impacts to downstream receiving 
waters. 

Water within the project area will be recycled and used to the maximum practical extent by collecting and 
managing site runoff from both undisturbed and disturbed areas. Site runoff water will be collected and 
stored within the TSF and used to inundate the PAG waste rock and tailings solids to prevent ARD and 
minimize ML. 

D.3 CURRENT RECLAIM WATER SYSTEM STRATEGY 

The reclaim water system, as described in the Mine Waste and Water Management Design Report (KP, 
2014a), will initially utilize a barge-mounted pump station sized to deliver 3,200 m3/hr of process water 
from TSF Site C to the reclaim water tank at the Mill. The reclaim barge will be located in TSF Site C 
during Years 1 and 2 of operations, and then moved to TSF Site D late in Year 2 for the remainder of 
mine operations and closure. 

A reclaim structure, consisting of a concrete intake with stoplogs and trash racks, will be constructed in 
TSF Site C in Year 2 to reclaim water during the relocation of the barge. The reclaim structure may be 
used during the remaining years of operations to regulate the water level within TSF Site C and/or to 
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support the barge-mounted pump station with reclaim to the mill. The reclaim structure pump system will 
incorporate the same pumps and motors as the barge-mounted system for consistency of spare parts and 
ease of maintenance. 

The site water management plans, before and after barge relocation, are shown on Figures D.1 and D.2, 
respectively. 

D.4 PROPOSED CHANGE TO WATER MANAGEMENT STRATEGY 

It is proposed to relocate the majority of water storage currently proposed at Site D to Site C throughout 
operations. The water management strategy for Years 1 and 2 would utilize a barge-mounted pump 
station in TSF Site C, as described above in Section 3. However, the barge-mounted pump station would 
remain in TSF Site C throughout the life of mine and reclaim water would be transferred from TSF Site D 
to TSF Site C, utilizing the Freshet Pump Station. The volume of water maintained with the TSF Site D 
facility would be only the amount required to maintain potentially acid generating (PAG) materials in a 
saturated state with an allowance for annual operational fluctuation. The proposed site water 
management plans for the same years as presented above are shown on Figures D.3 and D.4, 
respectively. 

D.5 CHANGES TO THE WATER BALANCE 

The effects to the water balance due to the changes proposed in Section 4 are shown on Figure D.5. The 
majority of the supernatant pond volume will be stored in TSF Site C. The TSF Site C pond is located 
upstream of the TSF Site C Main Dam, and is connected to TSF Site D by a closure spillway for passive 
management of the maximum Site C operating pond level. 

The pump rates from TSF Site D to TSF Site C required to achieve the pond volumes presented on 
Figure 5 are: 
 1,000 m3/hr (mine years 1 and 2) 
 1,900 m3/hr (mine years 3 through 17) during the winter season (October through March), and 
 2,050 m3/hr (mine years 3 through 17) during the summer season (April through September). 

The TSF Site C pond volume will fluctuate approximately between 9 Mm3 and 10 Mm3 of water for the 
majority of the mine life, with an increase to 13 Mm3 at the end of mine Year 14. TSF Site C can store up 
to 14 Mm3 of water based on a spillway invert elevation of 1346 m. The TSF Site D pond volume will 
fluctuate approximately between 3 Mm3 and 5 Mm3 of water for the majority of the mine life. 

The amount of surplus increases after Year 11 over time due to increasing runoff from the expanding 
disturbed areas of the mine facilities, and also from decreases in waste rock production and 
corresponding decreases of water storage in waste rock voids for the mine rock stored within TSF Site D. 
This was identified as a desirable condition during the Feasibility Study (KP, 2014a) with this surplus 
water used to accelerate open pit filling and limit the onset of acid rock drainage conditions in the pit 
walls. It was also identified as a surplus condition that was manageable with additional fresh water 
diversions. Two optional diversions of undisturbed areas were identified during the FMEA and are now 
included in the project design (KP, 2015a and 2015b). These diverted areas are not considered here, but 
will be combined with the revised water management strategy in subsequent water balance modelling to 
support permitting. 
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D.6 REFERENCES 

Knight Piésold Ltd. (KP, 2014a). New Gold Inc., Blackwater Gold Project Mine Waste and Water 
Management Design Report (Ref. No. VA101-457/6-11 Rev. 2) September 12, 2014. 

Knight Piésold Ltd. (KP, 2015a). Blackwater Project – Opportunities – Northern Diversion  
(VA101-457/15-A.01, Continuity No. VA15-03071). September 18, 2015. 

Knight Piésold Ltd. (KP, 2015b). Blackwater Project – Opportunities – Southern Diversion 
(VA101-457/15-A.01, Continuity No. VA15-03072). September 18, 2015. 

Incoming Correspondence, Blackwater Project Final FS Cost Estimates, P173304 Sustaining Timberline 
Report, November, 2014. 
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TAILINGS STORAGE FACILITY FAILURE MODES AND EFFECTS ASSESSMENT REPORT 

OPPORTUNITIES – TSF INTERIM EMERGENCY OVERFLOW CHANNEL 

E.1 INTRODUCTION 

The Failure Modes and Effects Assessment (FMEA) demonstrated the majority of risks to the Blackwater 
Gold Project (the Project), are mitigated through the key defensive measures in place in the current 
design and key defensive measures to be applied during permitting. The design summary of the TSF 
concept was presented in the Mine Waste and Water Management Design Report (KP, 2014). The 
highest rated risks can be reduced further with additional design elements, operational practices, and 
contingencies. 

The conceptual design for an Interim Emergency Overflow Channel for the TSF Site D Main Dam is 
developed in the following sections, as a contingency for extreme conditions coupled with the malfunction 
of management plans for the project. The overflow channel will not be used during normal operation of 
the facility, and was added to the design to prevent the possibility of overtopping for dam safety purposes.  

E.2 HAZARD CLASSIFICATION 

A hazard classification was completed to determine the design storm event for the embankments of the 
Tailings Storage Facility (TSF) as part of the Mine Waste and Water Management Design Report (KP, 
2014). Classification of the tailings dams was carried out by considering the potential incremental 
consequences of a failure which are in addition to the impacts that would occur from the earthquake or 
flood event alone. The consequences of failure include the potential for loss of life, economic, social and 
environmental considerations. The dam safety classification for the project tailings dams was determined 
to be VERY HIGH. 

The following suggested inflow design floods (IDF) were adopted for the Project: 
 Construction and operational phases– 2/3 between 1/1000 year and Probable Maximum Flood (PMF) 

- based on the criteria provided by the Canadian Dam Association (CDA) “Dam Safety Guidelines” 
(CDA, 2007). 

 Closure phase – PMF – in accordance with the technical bulletin released by the Canadian Dam 
Association in 2014 (CDA, 2014). 

E.3 DESIGN BASIS 

The Interim Emergency Overflow Channel for the TSF Site D was designed to pass the peak flow from 
the PMF flood event without consideration of attenuation provided by tailings facilities ponds or storage 
that will be maintained below the invert of the channel. It was assumed that the diversion ditches were 
damaged and not functioning at the time of the flood as this represented the worst case condition. The 
PMF flood event volume of approximately 11.7 Mm3 was calculated based on the following: 
 Probable maximum precipitation (PMP) of 195 mm 
 Snowmelt equivalent of 171 mm, calculated based on: 

o The average maximum temperature and wind speed recorded in the months of April and May, 
and 

o Assuming the catchment area of 4150 ha is at least 50 percent covered by trees. 

Table 1 summarizes the design basis for the proposed Interim Emergency Overflow Channel. 
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Table 1  Interim Emergency Overflow Channel Design Criteria Summary 

Item Design Criteria 

Tailings Storage Facility 
Capacity 

Water level is at the Interim Emergency Overflow Channel invert at the time of 
the storm. 

Design Flood Probable Maximum Flood (PMF); probable maximum precipitation (PMP) and 
snowmelt 

Flood Management - 
Catchment Areas 

Area upstream of TSF Site D, assuming all diversion systems are non-
functional during the Design Flood. 

Design Freeboard Minimum 1 m above maximum water level for wave run-up. 

E.4 INTERIM EMERGENCY SPILLWAY DESIGN 

The design flow for the Interim Emergency Overflow Channel was calculated by routing the PMF 
hydrograph through TSF Site D Stage 3 (End of Year 4) and Stage 15 (End of Year 17) arrangements to 
determine the range of design flows. The routing evaluation, using HydroCAD, determined the peak 
inflow to be approximately 355 m3/s. Modelling indicated that a 2 meter (m) wide and 4 m deep channel, 
with 0.5 horizontal to 1 vertical side slopes, would result in a peak outflow of approximately 21 and 6 m3/s 
for the Stage 3 and Stage 15, respectively. The peak water elevations, above the Interim Emergency 
Overflow Channel invert, were estimated to be approximately 2.8 and 1.4 m for the Stage 3 and Stage 15, 
respectively; maintaining the minimum freeboard of 1.0 m for wave run-up. The stage discharge curve for 
the Interim Emergency Overflow Channel is shown on Figure E.1. 

The Interim Emergency Overflow Channel will be located on the right (south) abutment of each stage of 
the TSF Site D embankment. The channel will be excavated in bedrock to provide erosion protection. The 
Interim Emergency Overflow Channel will convey the design flood past the right abutment and 
downstream of the TSF Site D embankment to a plunge pool for energy dissipation prior to release to 
Davidson Creek via the South Interception Trench and Environmental Control Dam. The plunge pool 
design will be completed during detailed design based on precise channel alignments, slopes, and flow 
characteristics. 

Conceptual layouts of the Stage 3 and Stage 15 Interim Emergency Overflow Channel are shown on 
Figures E.2 and E.3, respectively, and include a plan, a profile, and a typical section for each. Phases 
between these two stages will advance up the abutment, in a similar arrangement, coincident with 
embankment construction. 
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OPPORTUNITIES – EMERGENCY WATER STORAGE IN OPEN PIT 

F.1 INTRODUCTION 

A Failure Modes and Effects Assessment (FMEA) was conducted on the Blackwater Gold Project (KP, 
2015). The FMEA was completed to identify and characterize risks from accidents, failures of an 
engineered system or malfunctions. The FMEA evaluated risks specific to the selected TSF concept 
presented in the Mine Waste and Water Management Design Report (KP, 2014) and identified areas 
where additional mitigations and contingencies could be implemented to minimize the identified risks. 

The TSF is planned as a zero operational surface water discharge (or closed circuit) facility. However, the 
ability to relocate water from the tailings facility to the open pit was considered a design improvement as a 
freeboard allowance violation will increase the risk of the facility and potentially adversely affect the safety 
of the embankment. It should be noted that the early pit development consists of a side cut that will be 
free draining and therefore provide no storage capacity until Year 4 of operations. 

F.2 TSF DEWATERING 

1 – TSF DEWATERING 

The transfer of water from the TSF to the Open Pit for storage could be accomplished by one of the 
following alternatives: 

1. Early Installation of the TSF Closure Dewatering Pipeline - The closure plan for the Blackwater 
Project includes pumping the tailings supernatant pond to the Open Pit to expedite pit filling and 
submergence of the majority of PAG rock in the exposed pit walls. The planned pumping system 
would utilize the reclaim barge and/or structure and reclaim pipeline(s); with a 2000 m extension of 
the reclaim pipeline from the Mill to the Open Pit. The arrangement is shown on Figure F.1.  This 
system will have a pumping capacity of 3,200 m3/hr.  

2. Utilizing the Pit Dewatering System – The current Open Pit dewatering system consists of a series 
of wells and skid-mounted diesel drive pumps conveying flows through a 16” pipeline, from the Open 
Pit to the Mill. In an emergency situation, where the water level in the TSF exceeded the maximum 
capacity, all operations; including processing and pit dewatering would be suspended.  It was 
therefore reasonable to assume the pit dewatering pipeline could be used in combination with the 
reclaim system to convey water from the TSF to the Open Pit. This alternative would have a capacity 
of approximately 700 m3/hr. 

Table 1 summarizes the estimated rate of drawdown for each of the facilities, for each alterative, based 
on approximate pond areas of 100 and 500 hectares for TSF Site C and TSF Site D, respectively. 
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Table 1 Drawdown Rate 

Pumping System  
Pumping Capacity 

(m
3
/hr) 

TSF Site C 

(mm/day) 

TSF Site D 

(mm/day) 

Alternative 1 3,200 77 15 

Alternative 2 700 17 3 

NOTES: 
1. ASSUMED PUMPING OCCURRED INDEPENDENTLY. 

F.3 CONCLUSION AND RECOMMENDATIONS 

Early installation of the TSF closure dewatering pipeline (Alternative 1) is the recommended alternative 
because it would provide the maximum capacity to convey water from the TSF to the Open Pit in an 
emergency situation. 

The conveyance of water from the TSF to the Open Pit for storage is not expect to be a viable alternative 
for emergency water management during the first three years of operations. 

F.5 REFERENCES 

Knight Piésold Ltd. (KP, 2014). New Gold Inc., Blackwater Gold Project Mine Waste and Water 
Management Design Report (Ref. No. VA101-457/6-11 Rev. 2), September 12, 2014. 

Knight Piésold Ltd. (KP, 2015). Blackwater Gold Project, Tailings Storage Facility Failure Modes and 
Effects Assessment (Ref. No. VA101-457/15-2 Rev. 0), December 2015. 
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Appendix I: Effect on Risk Management Measures 
on Multiple Accounts Analysis 

The Multiple Accounts Analysis (MAA) was rescored for the physical stability account based on the Best 

Available Practices (BAP) risk management measures described in Appendix H (Failure Modes Effects 

Assessment). The indicators that changed were location of water storage and emergency water 

management – spillway as the mitigation measures include decrease of water volume storage in TSF 

Site D and an emergency spillway during operation. For the location of water storage indicator, the score 

increased from 3 to 4 to reflect the larger beach and smaller pond in the TSF Site D as a result of 

pumping much of the water in this pond to the TSF Site C during operation. For the emergency water 

management – spillway indicator, the score increased from 4 to 6 because of spillway (emergency 

overflow channels) availability throughout operations. 

The re-ranking result shows an improvement in the overall physical stability score for Candidate 1 from 

3.90 in the base case to 4.25 in the re-ranking (Table I-1). This indicates that significant improvement in 

the physical stability of the TSF is achieved as a result of these measures. 

Table I-1: Re-scoring of Physical Stability Account Based on Risk Mitigation Measures 

Indicator 

Candidate 1 

Original Re-ranked with 

BAP in place 

Location of water storage 3 4 

Tailings and waste rock interstitial water 3 3 

Normal operating pond volume 5 5 

Emergency water management – pumps (active) 5 5 

Emergency water management – spillway (passive) 4 6 

Design basis / regulatory requirement 6 6 

Tailings density 3 3 

Maximum dam height  1 1 

Operational monitoring requirements – safety 6 6 

Sub-account merit score 156 146 

Sub-account merit rating 3.90 4.25 

Note: Bolded values indicate the score was re-ranked. 
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