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Figure 16-8: Typical LHOS Design 

 
Source: AMC (2014) 

16.3.3 Stope Sequence 

The mining sequence in any area of a given block begins with the extraction of the primary stopes on the first 

(lowest) level. Wherever possible, the first primary stope is located near the middle of the lens to develop a pattern 

of stope extraction that moves outwards to the extremities of the lens while progressing upwards towards the top. 

This generally promotes a favourable redistribution of ground stress, although many smaller lenses in the Brucejack 

orebody are either irregular in shape or of insufficient dimensions to properly develop this sequence. 

When the adjacent primary stopes from the level above have been filled and cured, secondary stoping commences. 

Figure 16-9 illustrates typical sequencing for the more massive lenses at the mine. 
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Figure 16-9: Example of Primary/Secondary LHOS at Brucejack Gold Mine 

 
Source: Pretivm (2019) 
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16.3.4 Backfilling 

The primary means of backfilling is paste fill, generated from unclassified mill tailings mixed with adequate 

cementitious binder to meet the strength requirements of re-exposure. Regular strength paste fill is commonly 

required where there will be re-exposure of vertical stope walls. 

Stopes that are planned to not be re-exposed by adjacent mining and are below the 1,350 m elevation level may 

be backfilled with unconsolidated waste and/or by paste fill with sufficient binder to remove any risk of future 

liquefaction (low-strength paste fill). High-strength paste fill will be required in the lower portion of all primary and 

secondary stopes that will be undercut by sill extraction from below. Table 16-3 tabulates the total projected paste 

fill volumes over the LOM by strength requirement and by binder dosage. 

Table 16-3: LOM Paste Fill Requirements 

Paste Fill Type 

LOM 

Quantity 

('000 m3) 

28-day 
Strength 

(kPa) 

Binder 
Dosage 

(%) 

Density 
Dry 

Paste 
(t/m3) 

Mass Dry 
Paste 

(t) 

Binder 
Required 

(t) 

High-strength Paste Fill 393 800 11.80% 1.11 436 46 

Regular Paste Fill 2,630 300 6.80% 1.11 2,920 144 

Low-strength Paste Fill 1,742 100 4.60% 1.11 1,933 95 

Total 4,765 - - - 5,289 285 

16.3.5 Paste Backfill Test Work 

Pretivm engaged AMC Mining Consultants (Canada) Ltd. (AMC) to undertake the first stage of a high-level study 

on the suitability of using mill flotation tailings for paste fill at the Brucejack Gold Mine (AMC 2015). The results 

showed a higher-then-expected cement requirement for the range of determined paste fill strengths. The density of 

the paste fill was low and resulting strengths required higher-than-expected cement content to achieve the target 

strengths. 

Pretivm also engaged AMC to undertake second-stage laboratory testing. Stage 2 test work aimed to identify other 

classes of binders that would achieve target strengths at lower dosing rates (AMC 2018). In particular, the Stage 2 

test work investigated the use of blended blast furnace slag and fly-ash with cement as possibly better paste mix 

recipes. 

The Stage 2 test work program included: 

▪ Material characterization tests in areas such as specific gravity and particle size distribution 

▪ Determination of paste fill density at a yield stress of 250 Pa as the benchmark for the paste fill mix 

▪ UCS tests of mixes using General Purpose (GP) cement, slag, and fly-ash blend cements to look at the effect 

of adding fine-ground iron blast furnace slag and fly-ash to the GP cement binder; two slag blends were tested: 

MineCem (MC) containing 55% slag and Sunstate Slag Blend (SS) containing 35% slag; medium-size fly-ash 

(FA) was also used. 
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As shown in Table 16-4, the Brucejack Gold Mine tailings paste fill mixes responded very favourably to the slag-

based and fly-ash binders. The test program demonstrated a significant difference in the strength values for the 

paste fill mix with GP cement compared to the slag-based (MC and SS) and FA mixes. The following differences 

were noted: 

▪ At 6% and 10% addition, consistently using MC binder (slag content 55%) produced a paste fill strength of more 

than double that of the GP mix. 

▪ At 6% and 10% addition, the SS binder (slag content 35%) consistently increased paste fill strengths by over 

50% compared to the GP mix. 

▪ Using FA in the paste fill mixes reflected the expected lower strength gain in the early curing time (14 days) 

typical of FA mixes. However, the 28-day and final 56-day strengths steadily gained higher strength levels, 

showing the benefit of the FA in partly replacing the GP cement. 

Table 16-4: Summary of Stage 2 UCS Results 

Batch 
Tailings 

(%) Cement/Binder 14 days 28 days 56 days 

1 94 6% GP 405 448 565 

2 90 10% GP 875 1,038 1,204 

3 94 6% MC 909 1,145 1,428 

4 90 10% MC 2,008 2,507 2,783 

5 94 6% SS 577 738 903 

6 90 10% SS 1,525 1,831 1,920 

7 94 3% GP + 3% FA 340 537 681 

8 90 5% GP + 5% FA 1,050 1,824 2,415 

 

Stage 3 strength and rheology test work on bulk sample material is currently being completed to update paste 

recipes and binder dosages for the key strength targets. For this study, AMC is adopting industry standard dosages 

to achieve the required 28-day strengths, as outlined in Table 16-4. 

Pasting operations at the Brucejack Gold Mine commenced in August 2017. AMC developed paste fill recipes for 

various scenarios to be encountered during stoping, like a requirement for a sill beam or backfilling of a secondary 

stope. AMC recommended that Pretivm begin pasting operations with increased binder addition (20% higher than 

recommended recipes) as a contingency while the paste plant and pasting operations overall were being 

commissioned. During this time, as site-specific, consistent paste quality control data was acquired and analyzed 

by AMC, the recommended recipes would then be the default recipes moving forward. 

16.3.5.1 Waste Management and Stope Filling 

Waste rock from mine development is generated on an ongoing basis throughout the LOM. 

Stopes are filled with development waste wherever possible, with waste additionally hauled to surface for disposal 

in Brucejack Lake. The waste-backfilled stopes are mainly secondary stopes below the 1,350 m elevation level in 

the mine. Waste generated before the start of secondary mining is hauled to surface since it is unsuitable for 

backfilling primary voids without a cementitious binder. 



 TECHNICAL REPORT ON THE BRUCEJACK GOLD MINE, NORTHWEST BRITISH COLUMBIA 

 220008-00-RPT-001 | MARCH 2020 | ISSUED FOR USE 

 

 16-15 

In addition, disused headings in mined-out areas are used for development waste disposal, and an allowance has 

been made in the waste disposal profile in this respect. 

The disposal of waste rock in underground stopes has the effect of reducing the total void volume requiring paste 

backfill, and hence reduces the percentage of mill tailings that can be returned to underground. Table 16-5 tabulates 

the projected volumes of waste to be generated from milled ore and development headings and the destination of 

these volumes over time. Over the LOM, 62% of development waste and 33% of tailings generated from milled ore 

will be placed back underground; the balance will be disposed of in Brucejack Lake. 

Table 16-5: LOM Backfilling – Waste Rock and Mill Tailings 

Year 

Ore 
Tonnes 
('000 t) 

Total 
Tailings 
('000 t) 

Waste 
Tonnes  
('000 t) 

Waste Fill 
Tonnes  
('000 t) 

Waste Fill 
Volume 
('000 m3) 

Paste Fill 
Volume 
('000 m3) 

Tailings 
Underground 

('000 t) 

Waste to 
Surface 
('000 t) 

2020 1,387 1,301 676 175 70 349 388 501 

2021 1,387 1,305 702 240 96 331 367 462 

2022 1,387 1,306 650 316 126 347 386 334 

2023 1,387 1,307 654 164 66 399 443 490 

2024 1,387 1,306 216 192 77 432 480 24 

2025 1,387 1,305 245 176 71 389 432 69 

2026 1,387 1,313 177 176 70 415 461 2 

2027 1,387 1,316 51 48 19 474 526 3 

2028 1,387 1,318 41 35 14 453 503 6 

2029 1,040 987 32 30 12 403 447 2 

2030 1,040 981 20 19 8 353 392 1 

2031 693 653 13 11 4 253 281 2 

2032 380 357 6 5 2 166 184 1 

Total 15,637 14,754 3,483 1,587 635 4,765 5,289 1,896 

16.4 Development and Production Schedule 

16.4.1 Production Rate 

From the start of commercial production in July 2017, the mine had been operating at a rate of 2,700 t/d. In 

December 2018, Pretivm received a permit to allow a mining rate increase to 3800 t/d. The updated Measured and 

Indicated Mineral Reserves supports this increase. 

A detailed mine design was subsequently completed for the new Mineral Resource model and scheduled to 

3,800 t/d steady state ore production. There is a ramp-up period of identified in the production schedule, which is 

considered reasonable and achievable with respect to current development plans. 

The final production schedule was constrained to reflect realistic mining practices and availability of equipment. The 

model limits the number of active stopes at any one time to four blasting and mucking, one backfilling, four drilling, 

and up to seven curing. The average number of active stopes at any one time is 12, with variations from 10 to 16. 
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Figure 16-21: Borehole Underground Single-line Diagram 
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Figure 16-22: ESS Feed to 1080 Single-line Diagram 
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16.8.5 Compressed Air 

Compressed air is supplied by two compressors located near the West Zone portal and by three compressors 

spread through the Brucejack Gold Mine to reduce line loss in the system. 

The in-the-hole drilling equipment has portable compressors close to the drill to meet their elevated pressure 

requirements. 

16.8.6 Service Water Supply 

Service water for drilling and dust control is supplied via a 100 mm (4 inch) steel line at the Valley of the Kings 

portal. The line continues through the Valley of the Kings decline ramp to the supply sump. The water supply sump 

is located at the 1,320 m elevation level in the West Zone area along the West Zone access. From this sump, the 

mine is supplied service water from which the pressure reducing valves (PRV) will be supplied at the 1,320 m, 

1,230 m, 1,140 m and 1,050 m levels to reduce the supply pressure below 689 kPa (100 psig). Near the 1,380 m 

and 1,440 m elevation levels, a booster pump station is installed to supply operating pressure for the upper portion 

of the Valley of the Kings Zone. 

Over the last year, the process water requirements for all the mine equipment jumbos, long-hole drills, bolters, 

diamond drills, and other equipment was approximately 1000 m3/d for development and stoping. 

Figure 16-23 is a schematic of the main water distribution system. 

Figure 16-23 Mine Service Water Distribution Schematic 

 
Source: Pretivm (2019) 
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16.8.7 Fueling and Lubrication 

Daily fuel consumption is estimated to be approximately 5,500 L. Currently, an underground fuel bay has not been 

excavated and facilities have not been installed. Large mine equipment haul trucks, LHDs, and vehicles that come 

to surface regularly fuel up on surface. Other equipment such as bolters, jumbos, and scissor decks are fueled by 

a lube truck. An underground lube bay may be installed in the future. 

16.8.8 Workshop and Stores 

The main maintenance area is located on surface (covered in Section 18.0 of this report). All major scheduled 

planned maintenance and rebuilds take place in the surface shop. Various areas throughout the mine are used to 

store consumable supplies. 

16.8.9 Explosives Magazine 

The entrance to the explosives magazine has rollup doors and man doors to allow access from both ends of the 

facility. Two bays provide storage of bulk emulsions; one bay contains a 20,000 L storage tank and storage area, 

and the other bay contains a 17,000 L storage tank and storage area. A powder bay is designated for the storage 

of all other explosive products (other than the bulk emulsion and the detonators) on wooden shelves. A fourth bay 

is designated for the storage of detonators on wooden shelves. A concrete wall with a steel door separates this bay 

from the rest of the mine works. 

Figure 16-24 shows the underground magazine layout. 
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Figure 16-24: Bulk Emulsion/Powder Magazine Storage Plan 

 
Source: Pretivm (2019) 

 

Currently bulk emulsion will be transported by the explosives supplier directly from the manufacturing plant to the 

KM 48 explosive magazine/transfer. Each shipment will be delivered via transport trailer with one custom made 17 t 

(17,500 L) ISO tank per load. The ISO tank trailer will be transferred to the Brucejack Gold Mine site immediately 

upon arrival. Once the full ISO tank is offloaded from the transport trailer onto the special built emulsion hauler, the 

hauler will take the ISO tank to the emulsion storage area, where the emulsion will be pumped out of the tank into 

one of the two installed tanks. Once emptied, the ISO tank will be brought to surface, reloaded onto the surface 

N 

50 m 
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transport trailer, and taken to the KM48 magazine area where it will wait for the next load to come in and the 

transport truck to take it to the manufacturer’s facility for refilling. 

16.8.10 Refuge Stations 

A refuge station (Figure 16-25) is located between the decline and incline drifts at the Valley of the Kings Zone. The 

station accommodates 40 people and is equipped with an airlock entrance, a battery back-up electrical system, an 

air conditioning unit, a carbon dioxide/carbon monoxide scrubbing unit, cache of oxygen-type cylinders, and 

emergency supply of first aid, food, water, and oxygen candles. 

The refuge station is located in a bay off a drift and is separated from the drift by a concrete wall. Access to the 

station is through an airlock system. 

This refuge station is also used as a lunchroom. 

Figure 16-25: Permanent Refuge Station 

 
Source: Pretivm (2019) 

16.8.11 Communications 

16.8.11.1 Fiber Optics and Phone and Radio Communications 

The mine has a multifaceted communications system using fiber optics as a data/telephony back bone and leaky 

feeder for voice communications for crew. 

The underground network infrastructure consists of: 

▪ Fiber optic redundant loops 

▪ Wireless LAN transceivers 

▪ Leaky feeder radio communications system. 

Radio communications is a leaky feeder system using Motorola digital hand and base mobile radios for voice 

communication throughout the mine.    

N 

6 m 
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16.8.11.2 Personnel and Equipment Tracking 

Personnel tracking is accomplished via the wireless access point (WAP) installation throughout the mine and 

interrogating devices to allow location tracking of personnel and vehicles. The system will be integrated into a 

browser-based tracking and reporting application, allowing operators and mine controllers to monitor, track and 

allocate personnel and resources. Having the ability to ensure that mine staff are accounted for in an emergency 

increases safety and speeds up the provision of help to any potentially injured personnel. Tracking vehicles and 

assets also leads to increased productivity and efficiency by eliminating time wasted looking for equipment 

underground. 

16.8.11.3 Fixed Plant Monitoring and Control 

Programmable logic controllers (PLCs)  will be used for fixed plant monitoring and control. Remote PLC racks are 

placed near equipment (as necessary) and will monitor and control the underground systems, including but not 

limited to: 

▪ Rock box levels 

▪ Crusher 

▪ Conveying equipment 

▪ Magnet 

▪ Substations 

▪ Sumps and pumps 

▪ Ventilation equipment. 

The fibre optic backbone throughout the mine provides a means for monitoring the remote PLCs from surface from 

both the mill control room as well as other dedicated supervisory control and data acquisition (SCADA) systems.  

16.8.12 Portal Structure 

The portal structure has been constructed at the access to the underground Valley of the Kings decline tunnel. The 

structure houses a mine air heater and ventilation fan, the top conveyor drive motor and structure, an electrical 

substation, and the access way for vehicles to enter the Valley of the Kings portal though the building. The main 

decline conveyor exits up from the portal and transfers ore to the mill feed conveyor. This transfer is located inside 

the portal structure. Access into the portal structure is via one of four overhead doors and man doors. The portal 

structure was built up against the mill site high wall and to resist roof snow loads with pressures up to 400 kg/m3. 

A monorail located in the ceiling of the portal structure allows for removal of the mine air fan motor and components. 

16.8.13 Heating System and Propane Storage 

The electrical energy is used to run mine air heaters, with propane supplementing the electric heater during colder 

ambient temperatures, when the electricals cannot maintain the temperature set point to provide above freezing air 

to the mine. The propane for the two heaters is stored in two vertical storage tanks in both the Valley of the Kings 

portal area and the West Zone area. The tanks are located in accordance with regulatory clearance requirements 

to the mine portals. Each of the two tank farms contains two tanks with a capacity of 68,180 L each or a total of 

136,360 L per tank farm. 
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16.8.13.1 Climatic Data 

In the 2014 FS (Ireland et al. 2014), climactic data from site was analyzed to quantify the amount of annual electric 

power and propane required for mine air heating. This established the operating parameters for the currently 

installed mine heaters. Reviewing the current year of data shows that the design parameters was within 10% of 

actual. The volumes will change depending on the severity of the temperature experienced at the mine site year to 

year. 

16.8.14 Propane Supply 

Mine air heating is the only consumer of propane for the underground operations. Surface infrastructure, including 

the camp, requires propane; however, storage of propane for this purpose is independent of mine air heating. Table 

16-15 shows the first and second full-year monthly and annual propane consumption for mine heating during steady 

state operations. 

Table 16-15: 2018 Propane Consumption 

Month 

Propane 
Consumption 2018 

(L) 

Propane 
Consumption 2019 

(L)(1) 

January 115,226 202,375 

February 267,534 119,410 

March 147,316 277,386 

April 15,469 0 

May 8,122 0 

June 8,787 550 

July 0 4855 

August 0 0 

September 961 13,082 

October 0 0 

November 0 5,704 

December 58,670 55,381 

Total 622,084 678,743 

Note: (1)Based on delivery dates. 

Propane for mine air heating is delivered to site approximately seven months of each year. The propane is delivered 

to site via the Brucejack Access Road. 

The propane supplier remotely monitors the levels in the propane farms and initiates a tank fill as required to ensure 

there are adequate supplies at the mine site at all times. 

A 50,000 L propane delivery truck drives from Terrace, BC to the Brucejack Gold Mine site, and the delivery truck 

transfers propane into the various site tank farms. The site tanks supply propane to the heaters via a buried pipeline. 

The frequency of propane delivery is dependent upon the air temperature and airflow volume required for the mine. 

During the coldest months of the year, January and February, at the maximum airflow volume, the mine air heaters 

consume approximately 5,500 L of propane each day of the month. 
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16.9 Paste Fill Distribution 

Paste from the surface plant is fed to the underground stopes through a pipeline system. The paste was 

characterized through laboratory rheology testing on un-cemented paste samples. 

The paste fill distribution requires a two-stage pumping system. A positive displacement pump in the paste fill plant 

provides paste to all of the West Zone (West Zone Upper and West Zone Lower) and the lower zones of the Valley 

of the Kings Zone (below the 1,350 m level). The paste plant pump also feeds a booster pump located near the 

ramp to Valley of the Kings Zone. This booster pump pumps paste up to the Upper Valley of the Kings Zone and 

Galena Hill (1,350 m level and above). Due to line resistance of longer pipelines to the stopes, the booster plant will 

be required to pump paste below the 1,350 m level. 

The paste pumps are positive displacement piston pumps of 100 m3/h peak capacity with a pressure rating of 

120 bar. The nominal flow rate for the system is 80 m3/h, with a nominal design supply rate of 112 dmt/h. 

The underground booster pump station currently has one pump installed and includes a pump feed hopper, a water 

tank with a high-pressure pump for pipeline flushing, and a level platform for changing the distribution routing 

through the mine. A second pump is on order and will be installed as backup. 

If there is an upset during pasting operations, there are two points that can be used to allow an emergency drain of 

the system to prevent the pipe system from plugging. The first point is located at the low point in the line between 

the mill and the 1,345-level booster station and the second point is located at the first low point after the booster 

station for the lines going into the upper part of the mine. 

Instrumentation installed to ensure controlled operation includes pressure sensors on each operating level, cameras 

to allow the control room vision of conditions at the booster pump, power activated diversion valves and manual 

diversion stations, and integrated process control within the paste fill plant. 

This paste fill distribution system provides paste to the stopes at a nominal yield stress of 250 Pa with a range of 

100 to 375 Pa. This equates to cemented paste percent solids of 66.1% solids by weight (ranging from 62 to 69% 

solids by weight). 

The piping specified for this distribution system is 8 in API 5L X52. The schedule of the pipe varies with the pressure 

rating of the area: borehole casing and loops in the Upper Valley of the Kings Zone levels are Schedule 120, while 

the Lower Valley of the Kings Zone and all the West Zone casing and loops are Schedule 80. The main drift piping 

(trunk) and level piping to the stopes is Schedule 80 and Schedule 40, respectively. Victaulic couplings are used 

as the connection method for the level distribution lines. 

16.9.1 Distribution System Design 

The pipe routing for the underground distribution system (UDS) was developed taking into consideration site 

conditions, pipeline operation experience, and hydraulic modelling. Some of the conditions that were taken into 

account in the design include: 

▪ The difficulty foreseen in accessing any trenched pipelines on surface due to site conditions, especially during 

winter months 

▪ The mining schedule, which defines that the Valley of the Kings Zone will be developed in the early years while 

the West Zone will only be developed in the second half of the LOM 
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▪ The long distance from the paste fill plant to the underground workings (more than 800 m) 

▪ The location of the paste fill plant below the elevation of the top third of the Valley of the Kings Zone. 

The mining schedule breaks down the Brucejack orebody into six areas: VOK-990 to 1050, VOK-1080 to 1170, 

VOK- 1200 to 1290, VOK-1320 to 1560, WST-U, and WST-L, as shown with their respective elevations in Figure 

16-26 and Figure 16-27.  The first areas to be mined will be the VOK-1200 to 1290, and VOK- 1320 to 1560, which 

are currently being mined. Production in VOK-1080 to 1170 will start in Year 2 (2020), while the WST Zones will 

only come online after Year 8 (2026). The Valley of the Kings Zones have continuous production scheduled until 

end of mine life. The paste fill distribution system was designed with the schedule shown in Table 16-5 in mind. 

The main challenge for the Brucejack paste fill distribution system is that a portion of the orebody is located above 

the elevation of the paste fill plant. A balance in strategy is required to ensure that paste can be pumped to this 

section of the orebody without compromising the quality and proper flow distribution to the rest of the mine. 

16.9.2 Distribution Approach 

The philosophy developed for the paste fill distribution system is a dual pumping system. This optimizes the 

pumping capacity and minimizes wear on the paste pumps. A positive displacement pump in the paste fill plant will 

provide paste to all of the West Zone (WST-U and WST-L) and the Lower Valley of the Kings Zone (below the 

1,350 m level). The paste plant pump will also feed the booster pump located near to the main entrance to the 

Valley of the Kings Zone on the 1,345 m elevation level. This booster pump pumps paste up to the Upper Valley of 

the Kings Zone (1,350 m level and above). Figure 16-26 shows the breakdown of the Brucejack Deposit ore zones 

by the paste pumps feeding them: single pump zone and dual pump zone. 

Figure 16-26: Paste Fill Distribution System Schematic Showing Paste Pumping Zones 

 
Modified from AMC (2014) 

1407 
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16.9.3 Distribution System Layout 

The underground perspective view of the paste fill distribution system is provided in Figure 16-27. 

Key points of the piping strategy are: 

▪ One pump plus installed spare at the paste fill plant 

▪ One booster pump plus spare to be installed near the ramp to the Valley of the Kings Zone 1,345 m elevation 

▪ Main distribution pipeline in the Valley of the Kings decline and then a bore to the West Zone Access Drift then 

to the Valley of the Kings Zone 

▪ One sump to divert paste from the pipeline during operation upsets. 

Figure 16-27: Paste Fill Distribution System Schematic 

 
Source: Pretivm (2020) 

16.9.4 Manpower Requirements 

16.9.4.1 Schedule 

The mine is operated by a mining contractor with Pretivm supplying operational oversight and technical service 

support personnel. 

As the Brucejack Gold Mine site is remote, a reasonable crew rotation is required to attract the skilled labour that 

will be necessary for operations. The Pretivm crews are on a two-week-in, two-week-out rotation, and the contractor 

crews operate on a three-week-in and three-week-out rotation. The working time per day is based on an 11-hour 

shift; allowing one hour for smoke to clear after end-of-shift blasting. However, the effective working time per day is 

less than 11 hours considering travel time, daily safety briefs, and pre-start safety checks. The effective working 

time per shift during production operations is nine hours. 

Not to Scale 
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To operate an 11-hour shift, a variance has been granted from the BC Government (to allow work over 8 hours per 

shift). The current mine contractor has obtained such a variance for the work at the mine. 

16.9.4.2 Organization and Manpower 

The underground mining group is organized into operational groups consisting of mining, logistics, maintenance, 

and technical support with mining logistics and maintenance under the contractor, and the operations contract 

management and technical support under Pretivm. Table 16-16 shows the total personnel underground required by 

the operational group currently at the mine at full steady state production of 3,800 t/d. 

Initial loading will primarily be provided by the mining contractor, with technical support and operations contract 

supervision provided by Pretivm. Additional hires are personnel employed to compensate for shortages due to 

vacations, absenteeism, and turnover. 

Table 16-16: Manpower by Operational Group 

Role 
Head 
Count Role 

Head 
Count 

Mining Supervision (12) Pretivm 

Underground Superintendent 2 Mine Captain 2 

Operations Engineer 2 UG Supervisor 2 

Safety / Training / First Aid 4   

Contractor Supervision and Support (14) 

Superintendent 2 Engineers/Technicians 4 

Administrator 2 Safety/Training 4 

Expeditors 2   

Development Crew (132) Contractor 

Development Shift Boss 4 LHD Operators 12 

Jumbo Operators 12 Truck Operators 32 

Face Screening 7 Water/Fuel Truck Operator 1 

Bolter Operators 21 Blasters 9 

Pillar Strapping 8 Telehandler Operator 4 

Alimak Miners 4 Service Installers 9 

Grader Operator 2 Materials Support / Mine Cleanup 3 

Shotcrete 4   

table continues… 
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Role 
Head 
Count Role 

Head 
Count 

Production Crew (110) Contractor 

Production Shift Boss 8 Backfill Services / Bulkhead & Construction 
Crew 

17 

Long Hole Drillers 33 Mine Maintenance (Pump/Sumps) 8 

Blasters 8 Boom Truck/Services 1 

Truck Operators 10 Water/Fuel Truck Operator 4 

LHD Operators 17 Paste Watch  4 

Maintenance (66) Contractor 

Maintenance Superintendent 1 Welders 2 

Master Mechanic 2 Warehouse 4 

Mechanics 32 Lead Electrician 2 

Mechanic Apprentices 8 Electricians 10 

Tire Technician 2 Maintenance Planner 3 

Technical Services (64) Pretivm 

Technical Services Manager 1 Chief Engineer 1 

Senior Engineer 3 Planning / Ventilation / Drill Blast Engineer 5 

Chief Geologist 2 Mine Planning & Scheduling 3 

Senior Production Geologist 2 Surveyors 8 

Production Geologist 7 Geotechnical Engineer 7 

Junior Production Geologist 8 Geological Samplers 17 

Total Personnel 398   
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17.0 RECOVERY METHODS 

17.1 Mineral Processing 

17.1.1 Introduction 

The Brucejack Deposit mineralization typically consists of quartz-carbonate-adularia, gold-silver bearing veins, 

stockwork and breccia zones, along with broad zones of disseminated mineralization. Gold and silver are the major 

economical metals contained in the mineralization. There is a significant portion of gold and silver present in the 

form of nugget or metallic gold and silver. 

The concentrator was designed to process gold and silver ore at a nominal rate of 2,700 t/d with an equipment 

availability of 92% (365 d/a) using a combination of gravity concentration and conventional bulk sulphide flotation. 

The Brucejack Gold Mine was successfully commissioned from March to May of 2017, with the first gold pour on 

June 20, 2017. The process plant reached full operation in Q4 2017. Since then, new test programs have been 

conducted to further improve the mill operation. In 2018, further throughput increase reviews and test work were 

conducted by mill metallurgists and engineers, equipment suppliers, and independent consultants to improve the 

mill operation in an effort to increase the mill throughput to 3,800 t/d. Most of the mill upgrading has been completed, 

excluding the installation of the third cleaner flotation cell and the new flocculant system, which are currently being 

installed. As reported, the mill was operated at 4,065 t/d in Q4 2019.  

17.1.2 Mill Operation Data 

The process flowsheet originally developed for the Brucejack Gold Mine uses a combination of conventional bulk 

gravity concentration and sulphide flotation. The gravity concentrate is refined in the gold room on site to produce 

gold-silver doré by directly smelting the upgraded gravity concentrate. The doré is shipped by air to precious metal 

refineries located worldwide for further processing to produce refined metals for sale. The final flotation concentrate 

is dewatered, loaded into customized bulk containers and trucked to the transload facility in Stewart, BC. From 

there, the concentrates in bulk form are shipped to international smelters or traders. 

A portion of the flotation tailings is used to make a paste to backfill excavated stopes in the underground mine, and 

the balance is stored in Brucejack Lake. Water from the concentrate and tailings thickener overflows is recycled as 

process make-up water. Treated water from the water treatment plant is used for mill cooling, gland seal service, 

reagent preparation, and make-up water. 

In May 2017, ore was first introduced to the mill from the low-grade ore stockpiles with a focus on ramping up 

tonnage throughout to design capacity. The first gold was poured on June 20, 2017. On July 1, 2017, Pretivm 

declared commercial production at the Brucejack Gold Mine. Table 17-1 lists the 2019 production data. 
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Table 17-1: Brucejack Mill Production Data 2019 

Time 

Mill Feed 
Tonnage 

Mill Feed 
Grade 

Total 
Recovery 

Tonne t/d (g/t Au) (g/t Ag) (% Au) (%Ag) 

Q1 2019 295,122 3,279 8.7 13.3 96.8 85.6 

Q2 2019 324,171 3,562 8.9 15.6 96.9 83.8 

Q3 2019 309,754 3,367 9.1 14.7 97.0 85.5 

Q4 2019 373,954 4,065 8.3 14.1 96.8 85.6 

Total 2019 1,303,001 3,570 8.7 14.5 96.9 85.1 

17.1.3 Flowsheet Development 

The process flowsheet for the expanded mill (3,800 t/d throughput) is based on the existing operation, new test 

work and simulations, as well as Tetra Tech’s engineering experience. 

In 2018, mill throughput increase reviews were conducted by Pretivm’s metallurgists and engineers, equipment 

suppliers, and independent consultants through various supporting test work and simulations. The process 

flowsheet used in the expanded mill is identical to the existing operation flowsheet, as shown in Figure 17-1. The 

operation units include: 

▪ One stage of crushing located underground 

▪ A mill feed surge bin with a live capacity of 2,500 t located on surface 

▪ A SABC primary grinding circuit integrated with a gravity concentration circuit 

▪ Rougher flotation and scavenger flotation of the hydrocyclone overflow (gravity separation tailings) 

▪ Cleaner flotation on combined rougher and scavenger concentrates 

▪ Flotation concentrate dewatering 

▪ Flotation tailings dewatering circuits. 
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Figure 17-1: Simplified Process Flowsheet 

 
Source: Tetra Tech (2019) 
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17.1.4 Plant Design 

17.1.4.1 Major Design Criteria 

The nominal throughput of the upgraded process plant is 3,800 t/d of ore at a mill availability of 92%. Table 17-2 

outlines the major criteria used to upgrade the process flowsheet. 

Table 17-2: Major Design Criteria 

Criteria Unit Value 

Daily Processing Rate t/d 3,800 

Operating Days per Year d/a 365 

Operating Schedule - Two shifts/day; 12 hours/shift 

Mill Feed Grades – Average g/t Au 5 to 20 

g/t Ag 5 to 200 

% S 2.85 

Primary Crushing (Underground) 

Crushing Availability % 60 

Crushing Product Particle Size, 80% passing mm 120 or finer 

Grinding / Flotation / Gravity Concentration 

Availability % 92 

Milling and Flotation Process Rate t/h 172 

SAG Mill Feed Size, 80% passing mm 120 or finer 

SAG Mill Grind Size, 80% passing µm 800 to 1,000 

Drop Weight Breakage Parameter A x b 41.4 (ranging 29.1 to 78.7) 

Ball Mill Grind Size, 80% passing µm 100 

Ball Mill Circulating Load % 300 

Bond Ball Mill Work Index – Average kWh/t 14.0 

Bond Ball Mill Work Index – Design kWh/t 16.6 

Nugget Gold Recovery from Primary Grinding Circuit - Centrifugal and Tabling 
Gravity Concentration 

 

17.1.4.2 Operating Schedule and Availability 

The upgraded process plant is operated on two, 12-hour shifts per day, 365 d/a. The overall availability of the 

underground primary crusher circuit is 60%. The grinding, flotation, and gravity concentration availability is 92%. 

The gold room is in operation during the day shift only. These availabilities allow for a potential increase in 

processing rate, downtime for scheduled and unscheduled maintenance of the crushing and process plant 

equipment, and potential weather interruptions. 
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17.1.5 Process Plant Description 

17.1.5.1 Primary Crushing (Underground) 

The primary crushing facility has an average process rate of 264 t/h at a crushing availability of 60% to meet the 

increased mill throughput of 3,800 t/d at a closed-side setting of approximately four inches. 

The current primary crushing unit is located underground and includes the following major units: 

▪ Hydraulic rock breaker 

▪ Stationary grizzly 

▪ Jaw crusher (150 kW) 

▪ Vibrating grizzly feeder 

▪ Associated dump pocket and belt conveyor 

▪ Belt scales 

▪ A dust collection system. 

The ROM ore is trucked from the underground mine to the underground primary crushing facility. The particle size 

of the jaw crusher feed is typically less than 700 mm. The jaw crusher reduces the ROM material to 80% passing 

120 mm or finer. 

The crusher product is transported by a conveyor system from the underground primary crushing facility to the SAG 

mill feed surge bin located on surface. The primary crushing and conveying facilities are equipped with a spray 

water dust suppression system to control fugitive dust generated during crushing and conveyor loading. The 

crushing and conveying system are monitored through closed-circuit television (CCTV) and can be controlled by 

the local control system or from the process central control room located in the process plant. 

17.1.5.2 Mill Feed Surge Bin 

The SAG mill feed surge bin has a live capacity of 2,500 t. The crushed product from the underground primary 

crushing facility is first conveyed to the transfer tower, which is part of the portal building on the surface. From there, 

it is further transported to the SAG mill feed surge bin. 

The ore from the mill feed surge bin is reclaimed by two 1,067 mm wide by 15,000 mm long apron feeders onto the 

SAG mill feed conveyor at a nominal rate of 172 t/h. 

The stocking and re-handling system for the crushed ore includes the following major components: 

▪ One jaw crusher discharge belt conveyor 

▪ Two belt conveyors located in the underground and one conveyor located at surface to feed the SAG mill feed 

surge bin 

▪ One SAG mill feed surge bin with a live capacity of 2,500 t 

▪ Two apron feeders, 1,067 mm wide by 15,000 mm 

▪ Local dust collection systems. 
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The crushed ore conveyor transfer points at the portal and at the SAG mill surge bin are equipped with a dust 

collection system to control fugitive dust generated while transporting the crushed material. 

17.1.5.3 Grinding, Classification and Gravity Concentration 

A SABC grinding circuit has been installed at the mine site and incorporated with two centrifugal gravity 

concentrators to recover gold/silver nugget grains that are liberated or partially liberated from their host minerals. 

The upgraded primary grinding circuit has an average feed rate of 172 t/h at a 92% availability to meet the increased 

mill throughput of 3,800 t/d and maintain a target product size of 80% passing approximately 100 µm. According to 

the new comminution tests and simulation results (Section 13.0), the capacity should be readily achieved within the 

current circuit by: 

▪ Increasing the SAG mill critical speed 

▪ Increasing the SAG mill charge loading 

▪ Placing one of the two stand-by cyclones into operation. 

According to the simulations, the grinding mills should be able to achieve approximately 4,240 t/d before the grind 

size needs to increase to coarser than 80% passing 90 µm. 

The two gravity concentrators (Model QS40) have a design unit capacity of 250 t/h. This arrangement also allows 

the two units to treat 100% of the ball mill discharge at the increased operating rate. 

The grinding/gravity concentration circuit includes: 

▪ One SAG mill, 6,096 mm diameter by 3,048 mm long (20 ft. by 10 ft.) (effective grinding length (EGL)), driven 

by a 2,013 kW VFD 

▪ One ball mill, 3,960 mm diameter by 7,260 mm long (13 ft. by 23.8 ft.) (EGL), powered by a 2,013 kW VFD 

▪ One hp 100 cone crusher 

▪ One 1.83 m wide by 3.66 m long vibrating screen  

▪ Two 10-inch x 8-inch hydrocyclone feed slurry pumps, each with an installed power of 250 hp 

▪ Six 381 mm hydrocyclones (gMax15-3123), with five in operation and one on standby 

▪ Two QS40 centrifugal gravity concentrators and ancillary screens 

▪ Two shaking tables, one secondary Knelson concentrator (CD12), one melting furnace, and related ancillary 

equipment in the secured gold room 

▪ One particle size analyzer 

▪ One online sampler. 
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The crushed ore from the surge bin is reclaimed onto the belt conveyor that feeds the ore to the SAG mill. The SAG 

mill is equipped with 40 mm pebble ports to discharge the fine fraction from the SAG mill. The SAG mill discharge 

is screened by a vibrating screen, which has an opening of 8.0 mm (slot wide). The oversize from the screen is 

transported by conveyor to the HP100 pebble crusher. The screen undersize is discharged by gravity to the 

hydrocyclone feed pump box in the grinding circuit. 

The ball mill is operated in closed circuit with hydrocyclones and two centrifugal gravity concentrators. The product 

from the ball mill is discharged into the gravity concentrator feed pump box. The entire ball mill discharges report to 

the gravity concentration circuit. The stream is then split into two and each stream feeds to a safety screen with the 

undersize reporting to one of the centrifugal gravity concentrators. The gravity concentrator tailings, together with 

the safety screen oversize, flow by gravity to the hydrocyclone feed pump box where the gravity separation tailings 

join with the SAG mill trommel screen undersize slurry. 

The blended slurry in the pump box is pumped to the hydrocyclones for classification. The hydrocyclone underflow 

returns by gravity to the ball mill. The circulating load to the ball mill is approximately 300%. The particle size of the 

hydrocyclone overflow, or the product of the primary grind circuit, is 80% passing approximately 100 µm. The pulp 

density of the hydrocyclone overflow slurry is approximately 33% w/w solids. Steel balls are manually added into 

the mills on a batch basis as grinding media. 

Dilution water is added to the grinding circuit as required. A particle size analyzer monitors and optimizes the 

operating efficiency, in conjunction with an automatic sampling system and the required instrumentation such as 

solid density, pressure, and flow rate meters. 

17.1.5.4 Rougher and Scavenger Flotation 

The pulp from the primary grinding circuit is subjected to conventional flotation to recover the free gold, silver, and 

their bearing minerals from the hydrocyclone overflow. Flotation reagents are added to the flotation circuits as 

defined through testing and the existing operation. The flotation reagents include PAX as the collector and D250 as 

the frother. The mass recovery of the rougher concentrate is approximately 15% of the flotation feed. The 

concentrates produced from the rougher flotation circuit are sent to the cleaner flotation circuit. The rougher flotation 

tailings are further floated by scavenger flotation, along with the tailings from the first cleaner flotation circuit. The 

scavenger concentrate returns to the head of rougher flotation for re-processing or to the first cleaner circuit for 

upgrading. Rougher and scavenger flotation are carried out at the natural pH level (without slurry pH adjustment). 

The upgraded feed rate of the rougher flotation circuit is 172 t/h. The rougher/scavenger flotation circuit includes: 

▪ Four 100 m3 rougher flotation tank cells 

▪ Two 100 m3 scavenger flotation tank cells. 

The tailings from the rougher scavenger flotation circuit are discharged to the tailings thickener. Depending upon 

the mining operation requirements, the thickener underflow is pumped either to the paste backfill surge tank for 

excavated stope backfilling and/or to the tailings disposal surge tank prior to being pumped to Brucejack Lake for 

storage. 

Automatic sampling systems installed for the circuits, including the flotation feed, rougher scavenger tailings, and 

final flotation concentrate, collect the samples required for process optimization and metallurgical accounting. 
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17.1.5.5 Cleaner Flotation 

In the current operation, the rougher and scavenger flotation concentrates undergo three stages of cleaning by 

flotation in order to produce the final gold-silver bearing concentrate. 

The feed rate of the cleaner flotation circuit is estimated to be approximately 44 t/h. As per the planned upgrading 

in 2018, to meet the increased mill feed rate, the existing second and third cleaner cells need to be converted for 

the second cleaner flotation and operate in series. A new 30 m3 flotation cell is required for the third cleaner flotation. 

The third cleaner cell is currently being installed. 

The rougher/scavenger flotation circuit includes: 

▪ Four 15 m3 tank cells for the first cleaner flotation 

▪ Two 15 m3 tank cells for the first cleaner/scavenger flotation 

▪ Two 15 m3 tank cells for the second cleaner flotation 

▪ One 30 m3 tank cell for the third cleaner flotation. 

The rougher concentrate together with the scavenger concentrate are initially upgraded in the first cleaner tank 

cells. As an option, the current operation can also direct the rougher-scavenger concentrate to the rougher flotation 

head depending on the flotation feed mineralogy. Also, based on the concentrate grade of the first rougher flotation 

cell, the rougher concentrate can bypass the first cleaner flotation and report to the second cleaner flotation directly. 

The first cleaner concentrate is pumped to the second cleaner circuit, while the first cleaner tailings reports to the 

first cleaner scavenger flotation cells for further concentration. The first cleaner scavenger flotation concentrate is 

returned to the head of the first cleaner flotation cell bank, joined with the rougher and scavenger flotation 

concentrates and the second cleaner tailings. The first cleaner scavenger flotation tailings are pumped back to the 

rougher scavenger flotation feed box. 

The concentrate from the second cleaner flotation stage is further upgraded by the third cleaner flotation with a new 

30 m3 flotation cell; the second cleaner tailings is pumped back to the first cleaner flotation. The concentrate from 

the third cleaner flotation cell, the final concentrate product, is pumped to the concentrate thickener. The third 

cleaner tailings are recycled back to the head of the second cleaner flotation circuit. 

The reagents used in the primary bulk flotation circuits are also added to the three stages of cleaner flotation to float 

the target minerals. The cleaner flotation processes are carried out at the natural slurry pH level. 

17.1.5.6 Gravity Concentrate Upgrading/Refining 

The primary gravity concentrate is further upgraded and refined in the gold room, which is located within a security 

room and has 24-hour CCTV surveillance. The access to the gold room is only for authorized personnel. 

For the increased plant feed throughput of 3,800 t/d, it is anticipated that the gold room treatment capacity is able 

to meet the increased gravity concentrate production by extending the operating time.  

Key equipment in the gold room includes: 

▪ One 1.8 m wide by 4.9 m primary gravity concentration table 

▪ One Knelson CD-12 centrifugal gravity concentrator  
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▪ One 1.7 m wide by 2.7 m secondary gravity concentration table   

▪ One table concentrate dryer 

▪ Flux reagent storage 

▪ One flux mixer 

▪ One 138 kW induction melting furnace 

▪ One vault for storing doré and table concentrate 

▪ One electrostatic dust collector 

▪ One off-gas and dust scrubbing system 

▪ Ancillary equipment, including slag treatment devices. 

The primary gravity concentrate is pumped to the gold room for further upgrading by tabling on the 1,800 mm wide 

by 4,900 mm long shaking table. The tailings from the primary tabling is further processed by the CD12 centrifugal 

concentrator and the table middlings is recycled back to the table feed surge bin. The concentrate produced from 

the secondary centrifugal concentrator is upgraded using a 1,700 mm wide by 2,700 mm long shaking table while 

the centrifugal concentrator tailings are pumped to the hydrocyclone feed pump box. The secondary table tailings 

are pumped to the primary table feed surge bin. The concentrates from both the primary and secondary tables, 

which are the final products, are dried and melted in the induction furnace to produce gold-silver doré. The discharge 

from the furnace is poured into bar molds in a cascade-casting arrangement. The gold doré bars are weighed, 

sampled, and stored in the vault prior to being shipped to refineries. 

The concentrates from both the tables are dewatered, dried in a dryer, then weighed and stored in the vault prior to 

smelting. 

The existing wet scrubbing system is used to clean the off-gas generated during the drying, calcination, mixing, 

melting, and slag crushing operations. The equipment used for these processes are equipped with hoods. Sufficient 

ventilation is provided in the gold room to protect the operators. All clothes, gloves, and other safety equipment 

necessary for high-temperature protection are provided to the operators working in the secure area. 

17.1.5.7 Concentrate Handling 

The concentrate from the third cleaner flotation is thickened, filtered, and loaded into customized bulk containers 

prior to being transported to off-site smelter(s). 

The current concentrate dewatering system is expected to be able to handle the increased tonnage with diluting the 

thickener feed to 15% w/w and using a more efficient flocculant at recommended dosages. It is expected that the 

existing concentrate filtration capacity is sufficient for the increased mill feed rate with upgrading the filtration 

system, including adding two additional filter plates. 

The concentrate dewatering/handling facility includes the following equipment: 

▪ One 5 m diameter high-rate thickener 

▪ Three thickener underflow slurry pumps, two in operation and one on standby 

▪ One concentrate filter feed stock tank (5,000 mm diameter by 6,000 mm high) 
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▪ One tower-type pressure filter with a total filtration area of 25 m2 

▪ One concentrate cake handling system. 

The final flotation concentrate is pumped to the concentrate thickener. Flocculant is added to the thickener feed 

well to aid the settling process. The thickened concentrate is pumped to the concentrate stock tank. The underflow 

density of the thickener is approximately 70% solids. The concentrate stock tank is an agitated tank, which serves 

as the feed tank for the concentrate filter. A tower-type press filter is used for further concentrate dewatering. The 

filter press reduces the moisture content of the thickener underflow to approximately 8%. The filter press solids are 

discharged into a bulk container. The loaded containers are stacked in the concentrate loading area prior to being 

loaded into vehicles with chained tires and transported to the Knipple Transfer Station, then to Stewart, BC. The 

concentrate is then transported in bulk by sea to international smelters or traders. The process plant provides 

sufficient on-site storage capacity for up to 10 days of production in the event of unexpected transportation 

disruption. Additional secured storage is also provided at the Knipple Transfer Station. 

The filtrate from the pressure filter is circulated back to the concentrate thickener feed well as dilution water. The 

overflow from the thickener is pumped to the process water tank or to the grinding circuit for re-use as process 

water. 

17.1.5.8 Tailings Disposal 

The final tailings is pumped to an 18 m deep cone thickener where most of water is removed as thickener overflow 

and re-used in operation. Part of the thickened tailings, approximately 40 to 50% of the overall tailings, is pumped 

to the paste backfill feed surge tank prior to feeding the paste plant for underground mine backfilling. The remaining 

thickened tailings is pumped to Brucejack Lake for storage. 

At an increased process plant feed rate of 3,800 t/d, based on the completed test results and simulations, the 

existing 18 m tailings thickener is capable of handling the capacity by using proper feed conditioning, including feed 

dilution and the use of the optimum flocculant type at recommended dosages. The projected solids density of the 

tailings thickener underflow is approximately 65% by weight. 

The existing tailings handling facility has the following equipment: 

▪ One 18 m diameter deep cone thickener 

▪ One 4 m diameter by 5 m high disposal surge tank for the tailings that is discharged to Brucejack Lake 

▪ One 11.0 m diameter by 11.6 m high thickener underflow stock tank 

▪ Two thickener underflow positive displacement (PD) pumps, each with an installed power of 20 hp 

▪ Two thickener underflow recycle PD pumps, each with an installed power of 20 hp 

▪ Two tailings disposal pumps with an installed power of 75 hp. 

The flotation tailings are pumped directly from the pump box in the flotation circuit to the tailings thickener feed well 

where the tailings are diluted in an inner dilution launder and flocculant is added to improve settling efficiency. The 

thickener underflow is pumped to a 11 m diameter by 11.6 m high thickener tailings stock tank. The thickened 

tailings are pumped to the tailings disposal tank and then pumped to Brucejack Lake for storage. When the backfill 

plant is in operation, the tailings are also pumped to the paste plant fully or partially based on the paste plant 

requirement. The thickener overflow is sent to the process water tank for re-use as process water. 
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17.1.5.9 Reagent Handling and Storage 

PAX and D250 are added to the flotation process slurry stream to modify the chemical and physical characteristics 

of mineral particle surfaces, and to enhance the floatability of the valuable mineral particles into the concentrate 

products. 

PAX is shipped to the mine site in solid form.  A 20% reagent solution is made by mixing PAX with fresh water in a 

mixing tank. The reagent solution is stored in a 1.50 m diameter by 1.50 m high holding tank and added to the 

various addition points through metering pumps. The PAX consumption is in the range of approximately 50 to 80 g/t 

milled. 

D250 in liquid form is added directly into the flotation cells without dilution through metering pumps. The dosage 

applied is approximately 20 g/t milled. 

Flocculant is used as a settling aid for the flotation concentrate and tailings thickening. The existing flocculant 

system is being replaced with a larger unit, which is currently being installed, for the higher process rate requirement. 

Solid flocculant is prepared in the standard manner in a wetting and mixing system to a dilute solution of less than 

0.2% solution strength. The solution is stored a holding tank prior to being pumped to the thickener feed wells. The 

flocculant dosages added to the concentrate and tailings thickeners are approximately 15 to 20 g/t concentrate and 

60 to 80 g/t milled, respectively. 

Hydrated lime is used to prepare an alkaline solution for scrubbing. 

Anti-scalant chemicals are delivered in liquid form and added to the process water tank as required to minimize 

scale build-up in the water pipelines and process equipment. This reagent is added in undiluted form. 

17.1.5.10 Assay and Metallurgical Laboratory 

The assay laboratory, located at the Knipple Transfer Station, is equipped with the necessary analytical instruments 

to provide all routine assays for the mine, process plant, and environmental department. 

A metallurgical laboratory is located in the mill to undertake the necessary test work to monitor metallurgical 

performance and, more importantly, to improve process flowsheet unit operations and efficiencies. 

17.1.5.11 Water Supply 

Two separate water supply systems are provided to support the operations for the process plant: one fresh water 

supply system and one process water supply system. 

Fresh Water Supply System 

Fresh water is supplied to a fresh/fire water storage tank (10 m diameter by 11 m high) from the water treatment 

plant or from Brucejack Lake. Fresh water is primarily used for: 

▪ Fire water for emergency use 

▪ Cooling water for mill motor and mill lubrication systems 

▪ Gland water for the slurry pumps 

▪ Reagent make-up 

▪ Process water make-up. 
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The fresh/fire water tank is equipped with a standpipe for fire water requirements. 

Wells supply water to the mine site potable water supply system. The water is sanitized and stored in potable water 

storage tanks prior to delivery to various service points within the mill and camp. 

Process Water Supply System 

The overflow solution from the tailings thickener is pumped to the process tank (8,000 mm diameter by 8,000 mm 

high) and re-used in the process circuit. The water treatment plant, which treats water from the mine (underground 

water), water collected from the plant site, or from Brucejack Lake, as required, provides the balance of the process 

water. 

17.1.5.12 Air Supply 

The air system supplies air to the following service areas: 

▪ Crushing circuit – An air supply system located underground supplies high-pressure air for dust suppression 

and equipment services. 

▪ Flotation – Air blowers provide low-pressure air for flotation cells. 

▪ Filtration circuit – Dedicated air compressors provide high-pressure air for filtration and drying. 

▪ Plant air service – Dedicated air compressors provide high-pressure air for various services. 

▪ Instrumentation – Plant air compressors provide service air that is dried and stored in a dedicated air receiver. 

17.1.5.13 Process Control and Instrumentation 

There is a central control room in the mill office complex that can monitor and control plant operations, including the 

underground crushing and conveying systems. CCTV cameras are installed at various locations throughout the 

plant. 

Sampling and Inline Analysis 

The process plant relies on the on-stream or in-stream particle size analyzer and various flow rate and solid density 

meters for process control. The analyzer and meters examine the various slurry streams in the circuit. The 

on-stream particle size monitor determines the particle sizes of the hydrocyclone overflows in the primary grinding 

circuit. Required samples are taken in order to control hydrocyclone overflow particle size and optimize the grinding 

circuit operations. Specific samples taken for metallurgical accounting purposes include the flotation feed to the 

circuit, the final tailings, the final concentrate sample, and occasionally the middling products. These samples are 

collected on a shift-basis and assayed in the assay laboratory. 
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17.2 Annual Production Estimate 

The process plant generates two products: gold-silver doré and gold-silver bearing concentrate for the expected 

remaining LOM of 13 years. Table 17-3 shows the annual metal production, which has been projected based on 

the mining production plan outlined in Section 16.0 and the operation data and metallurgical results outlined in 

Section 13.0. Based on the annual average and excluding the last year of operation, the process plant is estimated 

to produce approximately 6,261 kg Au and 4,618 kg Ag contained in doré, and 67,874 t Au-Ag bearing flotation 

concentrate with average grades of approximately 50 g/t Au and 887 g/t Ag. The arsenic content of the flotation 

concentrates to be shipped to the smelter(s) is expected to be marginally higher than the penalty thresholds outlined 

by most smelters and will require further review. 
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Table 17-3: Projected Gold and Silver Production 

Year 
Tonnage 

(kt) 

Mill Feed 
Grade 

Metal Recovery to Doré and Flotation Concentrate Flotation Concentrate 

Doré Concentrate Total 
Tonnage 

(dmt) 

Grade 

(g/t Au) (g/t Ag) (% Au) (% Ag) (% Au) (% Ag) (% Au) (% Ag) (g/t Au) (g/t Ag) 

2020 1,387 8.3 13.7 61.9 24.5 34.4 59.9 96.3 84.4 85,913 46.3 132.8 

2021 1,387 8.6 9.3 64.5 35.4 32.0 53.6 96.5 89.0 81,858 46.8 84.9 

2022 1,387 8.6 10.7 64.8 32.6 31.8 55.3 96.5 87.9 81,314 46.7 100.5 

2023 1,387 8.6 11.4 65.5 30.6 31.1 56.3 96.6 86.9 79,974 46.3 111.3 

2024 1,387 8.4 14.0 64.3 24.5 32.2 63.5 96.5 88.1 81,237 46.4 151.8 

2025 1,387 8.6 51.8 62.8 7.5 33.7 82.2 96.4 89.7 81,885 48.8 721.1 

2026 1,387 8.4 98.1 60.1 4.4 36.1 85.7 96.2 90.1 74,382 56.8 1566.0 

2027 1,387 8.6 88.5 62.4 4.4 34.0 86.2 96.4 90.6 70,757 57.3 1496.3 

2028 1,387 8.6 57.4 62.9 5.9 33.4 83.6 96.2 89.5 68,626 58.0 969.5 

2029 1,040 8.4 110.1 61.4 4.0 34.9 87.2 96.3 91.2 53,554 56.9 1864.3 

2030 1,040 7.4 122.1 57.5 3.6 38.5 87.6 96.0 91.2 59,296 50.2 1875.0 

2031 693 7.2 159.3 55.5 3.1 40.4 88.1 95.9 91.2 40,495 50.0 2402.9 

2032 380 7.0 231.0 55.3 2.6 40.5 89.7 95.9 92.4 23,065 46.9 3412.2 

Total 15,637 8.4 59.6 62.3 6.4 34.0 84.0 96.3 90.4 882,357 50.4 887.1 
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18.0 PROJECT INFRASTRUCTURE 

18.1 Overview 

The Brucejack Gold Mine is situated approximately 65 km north-northwest of Stewart, BC. During construction from 

2015 to 2017, a number of on-site and off-site infrastructure were built to support the mining operation (Figure 18-1, 

Figure 18-2, and Figure 18-3). The locations of operation and supporting facilities and infrastructure were selected 

to take advantage of local topography, accommodate environmental considerations, avoid avalanche hazards, and 

ensure efficient and convenient underground crew shift change. 

The Brucejack Gold Mine is accessed via a 73.5 km access road that intersects Highway 37 at km 215, some 60 km 

north of Meziadin Junction. Electrical power is supplied from the BC Hydro grid via a 57 km transmission line 

constructed in 2016/2017, from the Long Lake Substation located 13 km north of Stewart, BC. The transmission 

line is a 138 kV power supply line from the Long Lake Hydro Substation to the Knipple Substation, with a 69 kV 

power supply line from the Knipple Substation to the mine distribution centre. 

Facilities and infrastructure are split between those at the Brucejack Gold Mine site and those along the Brucejack 

Access Road. Infrastructure at the mine site includes mill; camp; fire hall; warehouse; transmission power line power 

distribution; emergency diesel power station (DPS); fuel farm; waste management facilities, including incinerator; 

mobile equipment maintenance shops; underground miners support facility; explosives storage; mine ventilation 

and heating equipment; water management facilities; potable and wastewater treatment facilities; ore storage; and 

waste rock/tailings storage facility (WRTSF). 

Support facilities along the Brucejack Access Road are located at the Knipple Transfer Station, Bowser Aerodrome, 

and Wildfire Camp. The Knipple Transfer Station is the main hub for materials staging and transfer to suitable 

vehicles for delivery to the Brucejack Gold Mine. Facilities at the Knipple Transfer Station include the transmission 

line stepdown substation, camp, cold storage building, potable water supply and treatment, waste materials 

handling facility with incinerator, fuel storage and distribution facility, paste binder silos, assay laboratory, 

emergency vehicle storage, first aid facility, and sewage disposal system. 

The Bowser Aerodrome is a 5,000 ft. long by 75 ft. wide gravel airstrip suitable for such aircraft as a Beechcraft 

1900, or similar speed and weight category aircraft, or Twin-Otter type aircraft. Adjacent to Bowser Aerodrome were 

Bowser, Bowser Temporary Construction, and Bowser West Camps. Bowser Camps were used for mineral 

exploration crews and construction crews. The general site was used for extensive laydown of equipment for mine 

and transmission line construction and is currently used for mobile equipment, core, and spare parts storage. 

Wildfire Camp is at km 1 on the Brucejack Access Road. Wildfire Camp comprises a gate at the highway intersection 

to screen access, a security building with gate for access control, camp, potable water well with water treatment, 

sewage disposal system, and large laydown yard for incoming and outgoing freight. Just west of Wildfire Camp (at 

km 1.5), there is an area designated for paste binder storage and transfer. 
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Figure 18-1: Brucejack Gold Mine General Arrangement 
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Figure 18-2: Brucejack Gold Mine On-site Infrastructure Layout 
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Figure 18-3: Brucejack Gold Mine Off-site Infrastructure Layout 

 
Source: Pretivm (2019) 
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18.2 Mine Site Surface Infrastructure 

Mine site infrastructure (Figure 18-1) covers a compact area due to the nature of the site terrain. Facilities are 

localized to three general locations all in close proximity. Underground mine-related facilities are located along the 

south side of Brucejack Creek in proximity to the West Zone portal, the main access for personnel and vehicles. 

Also located along the south side of Brucejack Creek are the fuel farm, emergency DPS, and associated DPS 

pond/sump. Centrally located on the mine site are the mill, fire hall, emergency vehicles, two phases of camp 

buildings, truck shop, and the Valley of the Kings portal. East of the mill area waste handling, warehouse and 

miscellaneous buildings, ore storage and overburden storage, and waste rock dump are all located along the 

southwest shore of Brucejack Lake. Outlier facilities include the potable water well and incinerator located northwest 

of the main site, and the Valley of the Kings weather station located south of the main site. Water collection and 

diversion infrastructure (e.g., collection ponds and ditches, diversion channels, high-density polyethylene (HDPE) 

pipelines, sumps, weirs) are present throughout the mine site to appropriately manage water. 

18.2.1 Mill Facility Description 

The mill building houses equipment for the entire process following delivery of ore from underground. The 3,800 t/d 

process flowsheet (Section 17.0, Figure 17-1) outlines the following sequence: ore delivery from the Valley of the 

Kings Zone via the conveyor system to the surge bin located at the surface. The main surface processing circuits 

include:  

▪ Primary grinding circuit consisting of a SAG mill, a ball mill, a pebble crusher, and a related cyclone pack 

▪ Gravity concentration and refining circuit consisting of two centrifugal concentrators, two shaking tables, and 

one centrifugal concentrator for recovering the gold and silver grains from the tabling tailings; and one smelting 

furnace for production of doré 

▪ Rougher and scavenger flotation followed by three stages of cleaner flotation to produce gold-silver concentrate 

▪ Concentrate dewatering system using one high rate thickener and one tower-type filter press to dewater 

concentrate to less than 10% w/w moisture; flotation concentrate is loaded into customized containers prior to 

being shipped offsite; the bulk containers replaced the previous bagging system in April 2019; concentrate in 

bulk containers is trucked to Stewart, BC for transshipment by ocean freight to smelter(s) 

▪ Flotation tailings dewatering and management system consisting of one deep cone tailings thickener, one 

thickened tailings surge tank, and one tailings disposal surge tank; thickened tailings is sent either to the tailings 

surge tank and then to backfill paste preparation system prior to the underground mine or to the disposal surge 

tank prior to being pumped to Brucejack Lake for deposition on the lake bottom 

▪ Process water recirculation system; both the overflows from the tailings thickener and the flotation concentrate 

thickener are reused as process water. 

The mill building also houses a metallurgical laboratory equipped with all necessary laboratory equipment for 

metallurgical testing and control. 

A bulk gravity concentration laboratory is under planning to prepare the assay samples for the mill feed and infill 

drill samples. With the assay sample preparation procedure, the grade control assay procedure is expected to 

significantly mitigate the nugget effect on the gold and silver assay. The laboratory will process the bulk samples 

through centrifugal concentrators after grinding. The gravity concentrate and tailings will be assayed separately by 

fire assay procedure to calculate head sample gold and silver grades.  
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18.2.1.1 Process Plant Control 

A control system provides equipment interlocking, process monitoring and control functions, supervisory control, 

and an expert control system. The control system generates production reports and provides data and malfunction 

analyses, including a log of all process upsets. All process alarms and events are logged by the control system. 

Operator interface to the distributed control system (DCS) is via PC-based operator workstations located in the 

underground crushing, process plant, water treatment, and paste plant area control rooms. Control rooms are 

staffed by trained personnel 24 h/d. 

Operator workstations can monitor the entire plant site process operations, viewing alarms, and controlling 

equipment within the plant. Supervisory workstations are provided in the offices of the senior metallurgists, as well 

as in the mine operations hallway. An additional operator interface is located in the main camp boardroom and is 

used in emergency situations. 

Field instruments used in the mill process include microprocessor-based “smart” type devices. Instruments are 

grouped by process area and wired to local field instrument junction boxes in each respective area. Signal trunk 

cables connect the field instrument junction boxes to the control system input/output cabinets. 

Intelligent-type MCCs are located in electrical rooms throughout the plant. A serial interface to the control system 

facilitates the MCCs’ remote operation and monitoring. Control systems philosophy is primarily focused on crushing, 

concentrator, and remote monitoring. 

For site-wide infrastructure (i.e., telephone, Internet, security, fire alarm, and control systems), a fiber optic 

backbone is installed throughout the plant site. 

A PC workstation is installed in the main control room to monitor the underground and crushing operations and 

conveying operations to the surge bin. The information is provided to the mill process control system via serial or 

Ethernet gateway. System controls include SAG feed conveyors (zero speed switches, side travel switches, 

emergency pull cords, and plugged chute detection) and surge bin levels (radar level, plug chute detection). 

To control and monitor all mill building concentrator processes, three PC workstations are installed in the mill 

building’s central control room. They control and monitor the following: grinding conveyors (zero speed switches, 

side travel switches, emergency pull cords, and plugged chute detection), SAG and ball grinding mills (mill speed, 

bearing temperatures, lubrication systems, clutches, motors, and feed rates), particle size monitors (for grinding 

optimization and cyclone feed), pump boxes, tanks, bin levels, variable speed pumps, cyclone feed density, 

thickeners (drives, slurry interface levels, underflow density, and flocculent addition), flotation cells (level controls, 

reagent addition, and airflow rates), samplers (for metallurgical accounting and flotation optimization), gravity 

concentrators, pressure filter, load out, reagent handling and distribution systems, tailings disposal to paste backfill 

or tailings storage, water treatment, water storage (including underground sumps and contact water pond (CWP)) 

and reclamation/distribution (including tank level automatic control), air compressors, paste plant (vendor control 

system), fuel storage, and vendors’ instrumentation packages. 

An automatic sampling system collects samples from various product streams for online analysis and daily 

metallurgical balance. Composite samples are generated for each 12-hour shift and are sent for assay at the Knipple 

assay laboratory. 

A particle-size-based computer control system is used to maintain the optimum grind sizes for the primary grinding 

circuits. The particle-size analyzer provides main inputs to the control system. 
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Remote monitoring is achieved through CCTV cameras installed at various locations throughout the plant, such as 

the crusher conveyor discharge point, the SAG surge feed conveyer, the SAG and ball mill grinding area, the 

flotation area, the paste plant, the gold room, the concentrate handling area, and the tailings handling facilities. The 

cameras are monitored from the plant control room. 

18.2.1.2 Water Treatment Plants 

Water treatment is undertaken in three separate facilities: operations water treatment plant (WTP), potable WTP, 

and wastewater (sewage) treatment plant. 

18.2.1.3 Operations Water Treatment Plant 

The operations WTP, located in the mill building, treats underground inflows and surface water from the contact 

water collection system, process water, and water from Brucejack Lake. 

The operations WTP is capable of treating up to 10,000 m3/d. The treatment process consists of the following steps: 

suspended solids removal (via clarification, coagulation using ferric sulphate and flocculation using silica sand and 

anionic flocculants), dissolved metal precipitation and total metals removal (through hydrated lime precipitation and 

ferric sulphate co-precipitation), fine solids filtration (via 10 µm disc filters), and pH adjustment (using sulphuric acid 

or hydrated lime). Sludge from this water treatment is mixed with tailings and deposited in Brucejack Lake. 

Under 3,800 t/d production, it is estimated that following cessation of mining, projected to be in 13 years, the 

operations WTP will continue to operate for less than a year to achieve acceptable discharge water quality. 

18.2.1.4 Potable Water Treatment Plant 

The Brucejack Gold Mine site potable WTP is located adjacent to the Phase 2 Camp. Raw water is pumped from a 

groundwater well located approximately 1.5 km northwest of the camp site to two raw water storage tanks. A booster 

pumping system withdraws raw water from the storage tanks and pumps it through green sand filters, woven 

canister filters (down to 1 µ) and through ultraviolet (UV) disinfection. Distribution pumps transport the water to both 

the Phase 1 and 2 camps, as well as the mill building. 

Potable water within the mill building is treated in a similar manner (cartridge filters and UV disinfection) and is used 

to supply the lunchroom, bathrooms, and safety shower/eye wash stations through the mill. 

The Brucejack Gold Mine potable WTP currently supplies approximately 75 m3/d based on an average usage rate 

of 200 L/d per person and a camp population of 360 persons. The facility is sized to treat water sufficient for a camp 

population of at least 720 persons. The potable water well has more than enough capacity to provide 150 m3/d. 

18.2.1.5 Sewage Treatment Plant 

The Brucejack Gold Mine site sewage treatment plant consists of two packaged C-75 Filterboxx treatment plant 

units, each designed to treat up to 75 m3/d of wastewater, for a total current treatment capacity of 150 m3/d. The 

current treatment rate is an average of approximately 75 m3/d, sufficient for 360 persons. The total treatment 

capacity is capable of treatment for approximately double the current camp population. Sewage is piped from the 

two camps and mine dry to the sewage treatment plant. Portable bathrooms at the mine site that are not plumbed 

into the sewage lines are regularly pumped out with a vacuum truck that offloads the raw sewage into the main lift 

station, which feeds the treatment plant. Raw sewage is treated via primary screens, biological aeration reactors, 

and biological membrane filtration. The sludge from the sewage treatment plant is dewatered using a rotary vane 

filter and dried prior to final disposal by incineration at the on-site incinerator. 
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The mine is authorized via its Effluent Permit for an additional 25 m3/d treatment unit and can add this if required. 

Effluent from these treatment plants is discharged into Brucejack Lake in accordance with the mine’s Effluent 

Permit. 

18.2.1.6 Non-potable Water 

Mill non-potable water requirements are supplied from the operations WTP and the reclaim pump house located at 

Brucejack Lake. The operations WTP treats underground mine water, surface contact water (via the CWP), and 

process water from within the mill. The treated effluent is then pumped into the fresh/fire water tank located in the 

mill. The fresh/fire water tank is also supplied by the reclaim pump house. The operations WTP supplies 

approximately 70% of the fresh water for the mill and the reclaim pump house supplies 30% of the mill’s fresh 

non-potable water needs. Water is pumped from the fresh/fire water tank through a distribution manifold within the 

mill, which supplies water for use in gravity recovery, flotation, paste plant, reagent preparation, gland seal water, 

and wash down hoses. 

The fresh/fire water tank is approximately 785 m3 in volume and only the top 30% is used for fresh water within the 

mill. The lower 70% of the tank volume is used for fire protection water within the mill and camp buildings. 

18.2.2 Mine Waste Management 

18.2.2.1 Waste Rock and Tailings Storage Facility (WRTSF) 

Waste rock and tailings deposition entails depositing tailings and potentially acid generating (PAG) waste rock into 

Brucejack Lake, or as underground mine backfill. Brucejack Lake is a deep natural glacier and snow meltwater lake 

allowing for LOM subaqueous waste rock and tailings deposition without the need for any engineered containment 

structures, including dams. 

Waste rock from the underground mine is transported to surface and temporarily stockpiled at the waste rock dump 

(WRD) platform site. Most of this waste rock is almost immediately deposited 1 m or more below the WRTSF surface 

water elevation via excavator (‘bailing’) or tele-stacker (‘stacking’). Waste rock deposited into the WRTSF via these 

methods builds up and eventually forms the WRD platform, where some waste rock extends to or above the normal 

WRTSF water level. This subaerially exposed PAG waste rock is replaced with either non-PAG (NPAG) material or 

freshly excavated PAG waste rock, or left with a 1 m water cover, such that surface-deposited PAG waste rock is 

ultimately subaqueously deposited with a minimum 1 m water cover within the allowable two-year subaerial 

exposure period. Tailings are NPAG and deposited in the deepest part of the lake via tailings discharge line or used 

for paste backfill in underground mined stopes. 

The initial WRTSF design is documented in SRK (2016). This report includes the WRTSF stability and settlement 

analysis (SRK 2014, Appendix C), which takes into consideration site-specific physical characterization of the lake 

bed sediments, the lake bathymetry, and measured lake bed sediment thickness. The design includes measured 

tailings rheological properties (SRK 2015, Appendix A), which confirms that tailings material properties will perform 

the same or better than lake bed sediments. 

SRK (2018) contains an updated WRTSF design triggered by the requirement for increased waste rock and tailings 

volumes to be deposited into Brucejack Lake. This updated design includes comprehensive stability analysis of a 

critical section of the WRTSF considering leanings from monitoring data collected since the start of dump 

construction. It therefore represents an up-to-date evaluation of all site-specific data and confirms that actual dump 

behavior is representative of the numerical analysis completed. 
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Prescribed stability requirements are not available for subaqueous waste rock deposition in BC (or globally). 

However, the Mined Rock and Overburden Piles Investigation and Design Manual (BCMWRP 1991) can be used 

as a starting point to inform a possible minimum acceptable factor of safety (FOS). 

The WRTSF design (SRK 2018) confirmed that physical stability of the Brucejack waste rock dump results in 

inherently low FOS when compared to the British Columbia Mine Waste Rock Pile Research Committee (BCMWRP) 

(1991). Fundamentally, it was determined that the active dumping face of the Brucejack WRTSF remains in a 

quasi-stable state with a FOS near unity for a period of weeks to months depending on the thickness of the 

unconsolidated undrained and highly variable lake bed sediments (and tailings), until enough pore pressure 

dissipation has occurred to allow the WRTSF foundation to carry the load of the waste rock and remain stable. 

Because the design analysis confirmed that a conventional FOS approach, based on numerical analysis, would not 

allow for construction of the WRTSF, the observational method (Terzaghi and Peck 1967; Peck 1969) was adopted 

as the design approach for the WRTSF. This method was developed from the need to avoid highly conservative 

assumptions about ground properties in geotechnical design when faced with unavoidable uncertainties of natural 

ground conditions. It takes advantage of observations and data gathered during construction to adapt the design to 

actual ground conditions in an orderly and planned way. Implementation of this approach in the context of the 

WRTSF requires the following: 

▪ Conduct numerical analysis to establish behavioral bookends. 

▪ Develop monitoring requirements to allow behavioral tracking. 

▪ Develop and implement safe operating procedures for WRTSF construction. 

▪ Develop Quantifiable Performance Objectives (QPOs) to inform safe operating procedures. 

▪ Conduct ongoing monitoring and reanalysis as necessary. 

▪ Continuously revisit and update safe operating procedures as necessary. 

As a result, strict operational controls were set to ensure safe WRTSF construction. This rigorous dumping 

procedure allows for enough safe preloading of the foundation, subject to continuous monitoring and review by a 

qualified geotechnical site engineer, with ongoing oversight by the engineer of record (EOR). 

This dumping procedure is independent of the lake bed sediment (and tailings) thickness or strength, because it 

assumes that the foundation cannot initially carry the load whether it is due to sediment (and tailings) thickness or 

strength (or both). 

Waste rock and tailings deposition is governed by the Operations, Maintenance and Surveillance (OMS) Manual, 

the last version having been updated in March 2020 (SRK 2020). Specifically, waste rock dumping is done in 

accordance with a standard operating procedure (Brucejack Lake Waste Rock Disposal, Standard Operating 

procedure (SOP) 011), which is an appendix to the OMS Manual. Pretivm’s engineering team manages the day-to-

day waste rock deposition, and follow-up monitoring and surveillance following procedures outlined in the OMS 

Manual. The OMS Manual has been developed in accordance with SRK’s design recommendations and undergoes 

updates as necessary. All employees working on the WRTSF are provided training on the OMS Manual, specifically 

the WRTSF SOP. 

The required surveillance procedures for waste rock and tailings deposition is explicitly outlined in the OMS Manual, 

as are the QPOs. 
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A daily report is produced by the Pretivm on-site geotechnical engineers that outlines all activities pertaining the 

waste rock dumping. This report is circulated internally to Pretivm staff, including senior management, all off-shift 

geotechnical personnel to ensure continuity, as well as to the EOR. If the EOR identifies any anomalies or areas of 

concern based on the daily report, he reaches out to the on-site geotechnical engineers. 

18.2.2.2 Tailings Delivery 

The tailings delivery system discharges thickened tailings slurry to the bottom of Brucejack Lake (80 m deep) when 

not used for paste backfill (approximately 40 to 50% of the time). For discharge to the lake, the tailings slurry is 

pumped to an agitated slurry mixing tank at approximately 65% w/w solids and then diluted with water to a maximum 

55% w/w at the nominal solids throughput rate of approximately 180 t/h. The diluted slurry is pumped overland from 

the mill building up to the air release station through one of the two 6″ HDPE DR 17, then to Brucejack Lake, a 

distance of approximately 900 m, through two pipes that have been upsized to 8″ HDPE DR 17, and then 

underwater along the suspended discharge lines for another 400 m to the discharge point. There is one duty pump 

and one standby pump to permit an immediate switch over when necessary. The pumps discharge the diluted slurry 

at a variable flow rate of varying concentration, which depend upon the throughput and concentration of tailings 

slurry entering the mixing tank. The mixing tank is typically maintained at a constant level through the addition of 

water through a control valve. There is a constant flow through the pipeline to prevent blockage of the pipe through 

tailings deposition within the pipe. When the thickened tailings are used in the backfill plant, flow is maintained with 

water. 

Portions of the pipeline alignment are subject to avalanches, and those sections of the pipeline are placed in a 

trench and backfilled to protect the pipe. The pipeline is heat traced to prevent freezing in winter and has a 

continuous downward slope from the mill building to the lake shore to ensure that the line drains during shutdowns. 

The pipelines discharge a maximum of 7 m above the lake bottom, a Discharge Permit condition. The pipelines are 

switched if the active pipe become unusable, such as if the back-pressure approaches the upper operating range 

of the discharge pump, or if bathymetric surveys indicate excessive accumulations at the pipe discharge site. Both 

pipes are suspended on cables to allow for vertical and horizontal repositioning over the LOM to ensure the pipe is 

not covered by tailings and to meet permit conditions for vertical positioning above the lake bottom. 

There are air/vacuum valves at the lake shore to prevent the possibility of air entering the underwater section. A 

large volume of air entering the underwater section could potentially float sections of the pipeline. The valves 

function primarily during start-up and shutdown. 

18.2.3 Mine Site Ancillary Facilities 

18.2.3.1 Accommodations 

There are two accommodation complexes at the mine site: Phase 1 and Phase 2 camp complexes. The main 

(Phase 2) camp complex is located approximately 100 m southwest of the mill and can accommodate up to 

327 persons. The Phase 2 camp complex features common facilities such as kitchens, mess halls, recreation 

rooms, common rooms, and offices. The older (Phase 1) camp complex is located 200 m south of the mill and can 

accommodate up to 183 persons. Each dormitory module contains dormitory rooms, washrooms with showers, and 

laundry rooms. The older Phase 1 camp kitchen has been repurposed as a training center with safety offices. 
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18.2.3.2 Solid Waste Handling and Domestic Waste Incineration 

Camp and facilities waste are managed following the Waste Management Plan and, with respect to incineration, 

the Refuse Incinerator Management Plan and the Air Discharge Permit. Wastes are initially separated and disposed 

into receptacles appropriate to each waste stream and further sorted at the mine’s waste handling and sorting 

facility. 

A batch-fed containerized incinerator system is designed to process up to 1,800 kg of mixed solid waste material 

generated at the mine site per day. Solid waste includes mixed camp waste; non-hazardous solid waste consisting 

of food-waste; kitchen waste, including packaging, cardboard, wood waste, and kitchen grease; and general refuse. 

Clean or untreated wood waste is burned at approved burn pits at the mine site following requirements specified in 

the Waste Management Plan and the Air Discharge Permit. Recyclables are separated at the time of disposal, 

further sorted as appropriate, then transported to off-site recycling facilities. Hazardous wastes are deposited in 

dedicated receptacles and taken to off-site licensed facilities for disposal. Remaining materials requiring landfilling 

are transported to local regional landfills as needed. 

18.2.3.3 Power Supply and Distribution 

At the Brucejack Gold Mine, 69 kV electrical power enters the mill via the transmission line from the Knipple 

Substation. There, the voltage is further stepped down from 69 to 4.16 kV via two 15/20/25 MVA oil-filled 

transformers and distributed to the site via 4.16 kV rated switchgear. The rating for site on a distribution end is 

4.16 kV and further transformed to 0.6 kV for smaller loads. 

The main mill and underground loads are fed via power cables in cable tray and/or messenger cable hangers. The 

main substation is located inside the mill. Power feeds to the mill building, camps, truck shops, and underground 

are either underground buried services or surface run cables. 

Within the mill, large loads are powered at 4.16 kV. Smaller loads are powered at 600 V via switchgear and MCCs. 

VFDs and soft starters are employed strategically to optimize process and energy performance. 

Underground buried services provide power to outlying buildings. 

18.2.3.4 Emergency Power Generating Facility 

Emergency power is supplied from four 500 kW, 600 V generators, located at the DPS, that supply a step-up 

transformer and feed the E4C e-house. Additionally, there are two 1,450 kW, 4.16 kV diesel generators that are 

also directly interconnected to the E4C bus. As well, there are six 1,825 kW, 4.16 kV diesel generators that are 

interconnected into the E4C e-house. The total emergency power for the mine site is 15.85 MW, which can 

adequately supply the mill, underground, and camp facilities with sufficient power if the transmission line sourced 

power is interrupted. 

A dedicated power system PLC is included in the E4C e-house. This PLC controls the breakers for system 

synchronization of the generators. An uninterruptable power supply (UPS) backs up the PLC and communications 

to ensure reliable operations under all circumstances. The power system PLC performs two important functions: 

load optimization / load shedding to ensure line limits are not exceeded, while maximizing electricity use and power 

control during emergency power operations to ensure correct sequencing and operations of critical loads. 

The controls for the power house can be activated via fiber optic through the mill electrical SCADA system, as well 

as through a local SCADA system. If there is a loss of power, the system will automatically start the generators to 

achieve operating temperature and the E4C bus will be energized. 
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Extensive bedrock exposures and extremely thin and spotty soils result in very poor resistivity. As a result, remote 

grounds have been constructed in addition to substation yard grounding. 

18.2.3.5 Fuel Supply and Distribution 

Diesel fuel, primarily for mobile equipment, is stored in four 50,000 L double-walled tanks and one 45,000 L double-

walled tank located at the mill site. The storage has approximately six to seven days capacity, including allowance 

for auxiliary equipment. The fueling station includes loading/unloading pumps and filters. 

Aviation fuel is delivered in totes and barrels to both Brucejack and Knipple camp sites. Gasoline for mobile 

equipment is stored in one 5,000 L double-walled fuel tank located adjacent to the diesel fuel tanks. 

One 18,000 gal propane tank is located adjacent to the permanent camp facility. Two 18,000 gal and one 10,000 

gal propane tanks are located near the West Zone area. One 18,000 gal propane tank is located at the VOK area. 

18.2.3.6 Water Management System 

Surface water management is accomplished through a system of diversion ditches to direct non-contact water 

around the core of the mine site area. The Johnson Creek (East) Diversion directs water to Brucejack Lake, while 

the Camp Creek (West) Diversion directs water to Brucejack Creek. Contact water from within the mill and camp 

pads area is directed to the CWP via collection weirs, ditches, sumps, pumps, and HDPE pipelines. The CWP is 

primarily a water management facility that is used to store water and prevent unwanted discharges into Brucejack 

Lake. The CWP acts as a reservoir where water can be directed to the water treatment plant and/or to Brucejack 

Lake, provided water quality concentrations are acceptable. If there is insufficient process water available from 

dewatering the mine or the CWP pond, then process water is pumped from Brucejack Lake. 

18.2.3.7 Telecommunications 

A complete site-wide telecommunications system has been installed comprising four relay microwave stations and 

one backup microwave system, which include: 

▪ VoIP telephone system for buildings, camps, and offices 

▪ Emergency satellite communications for critical voice and data needs 

▪ Ethernet cabling for site infrastructure and wireless internet access 

▪ Very-high frequency (VHF) two-way radio system with nine public channels 

▪ Four remotely located VHF repeaters 

▪ Satellite TV and Internet for employees at all camps 

▪ Wireless access tower for communications at the towers 

▪ Satellite phones available for remote work or communications outside the normal area limitations. 

A pre-manufactured trailer is used as an information management center (IMC) to house all communications 

equipment. The IMC includes all heating, ventilation and air conditioning (HVAC) equipment and a UPS. 

The site telecommunications are linked to the site fiber optic backbone via the IMC. Two separate emergency 

satellite communications systems with phone and data capabilities are provided and are isolated in the main camp 
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building. This system handles emergency off-site contact in the unlikely event that the IMC and its vital equipment 

are compromised, or the main microwave system is interrupted. 

The microwave network towers are powered by multiple redundant power sources of EFOY fuel cell, solar energy, 

and propane power generation. Power and network traffic are also continually monitored to ensure proper 

maintenance routines. Internal facilities / information technology (IT) and specialized vendor support are contracted 

for the microwave system technical support. 

18.2.3.8 Miscellaneous Buildings 

A metallurgical laboratory, located on two 20 ft. containers inside the mill building, houses all necessary laboratory 

equipment for metallurgical testing and control. The laboratory is equipped with all appropriate HVAC and chemical 

disposal equipment as needed. 

The warehouse facility, including cold storage, located at the mine site houses consumable parts storage and 

conducts logistic support for inbound and outbound freight. 

A medical clinic is located within the main camp and provides routine and emergency first aid services. 

A fire hall houses emergency vehicles, including ambulance, fire trucks, and rescue equipment. 

The mine dry is part of the camp and can accommodate up to 350 people, each with individual lockers and hanging 

baskets. The wicket and lamp rooms are located in the main camp adjacent to the dry where underground personnel 

are picked up by underground vehicles and transported to and from the underground mine. 

A mill dry 3-level complex is being constructed between the mill building and main camp. The facility includes a dry 

that will accommodate 160 persons, a mine meeting/training room, and offices. 

A light vehicle/heavy equipment maintenance shop is located along the road immediately east of the mill building. 

The shop includes an oil water separator located on the north side of the building. 

18.2.4 Km 72 NPAG Quarry 

Construction aggregate for the mine was sourced from the NPAG quarry located at km 72 on the access road near 

the southeast corner of Brucejack Lake. Site investigations, which began in 2013, determined that the porphyry 

rock mass was NPAG and subsequent sampling each year of quarrying has confirmed that determination. Quarry 

material is used for road capping, both on surface and in the mine, and to provide a working surface on the waste 

rock dump for that portion of the waste rock dump above the lake surface level. There is sufficient quarriable material 

for all foreseeable mine needs. 

18.3 Off-site Infrastructure 

Off-site infrastructure (Figure 18-3) comprises the Brucejack Access Road from Highway 37, transmission line, 

Bowser Aerodrome, Knipple Transfer Station Camp, and Wildfire Camp. During construction, other camp 

infrastructure was located at the Bowser site, but the accommodation and kitchen facilities have been 

decommissioned. The exploration geological core logging/sampling facilities have been relocated to the Knipple 

Site. 
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18.3.1 Transmission Line 

Electricity for the Brucejack Gold Mine and Knipple Camp is provided from the BC Hydro network. An 

interconnection to the provincial grid is located at the Long Lake Hydro Substation, approximately 13 km north of 

Stewart. From the Long Lake Substation, the 138 kV line proceeds northward for 1.5 km to a control station, 

Brucejack Terminal, and then continues a further 42 km to the Knipple Substation. The Knipple Substation reduces 

the voltage from 138 to 69 kV; the transmission line then carries on to Brucejack Camp and is introduced into the 

mill where the main Brucejack distribution transformers are located. The 57 km line was completed on March 31, 

2017. 

18.3.1.1 Transmission Line Operations, Maintenance, and Emergency Response 

The transmission line is controlled via the main incoming breaker located at the control station, Brucejack Terminal, 

1.5 km north of Long Lake Substation. The line section from Long Lake Substation to the control station is under 

control of BC Hydro. The Brucejack Transmission Line, past Brucejack Terminal, is controlled either through the 

Brucejack Camp control station or the Knipple Substation. An operating procedure establishes the procedures and 

communication protocols for operation of the transmission line to protect any transmission line workers and the 

integrity of the BC Hydro system. 

Maintenance of the Brucejack Transmission Line consists of visual inspections along the transmission line, as well 

as periodic infrared surveys to look for potential deterioration in splices or other energized components. This is 

complemented with a periodic inspection of the transmission line towers, with climbing inspections to ensure the 

functionality of all conductors, guy wires, cross arms, and other transmission tower components. Emergency 

response is also important to manage the risk to the transmission line, with spare tower sections and other parts 

kept at Bowser Aerodrome to facilitate rapid response and restoration in the event of extreme weather damaging 

the transmission line. 

18.3.2 Access Road 

The Brucejack Access Road is an all-season, two-way gravel surfaced road that commences at Highway 37 at 

km 215 and travels generally westward to Brucejack Lake, a distance of 73.5 km. 

The Brucejack Access Road is maintained throughout the year by maintenance crews stationed at Knipple Transfer 

Station. Aggregate materials for road maintenance are sourced from quarries located at km 10 and km 58. Regular 

patrols are conducted in potential avalanche areas with avalanche control measures in place. 

An 11.5 km section of road, from km 59.5 to km 71, traverses the main arm of Knipple Glacier. The glacier toe has 

receded about 1 km and melted at least 100 m vertically since the route was pioneered by Newhawk in the 1980s. 

In 2012, when Pretivm reactivated the route, a new ramp was developed onto the ice but continued melting has 

required further road development off the glacier. A new 600 m section of road was activated on the south side of 

the glacier in 2019 to bypass the lowermost portion of the glacier road. 

Unlike other glaciers in the area, the Knipple Glacier is generally free from large crevasse fields that would present 

a difficult and hazardous route to vehicles and equipment. It does contain crevasses and mill holes (moulins) large 

enough to present hazards to all-terrain vehicles or personnel on foot. These hazardous crevasses and mill holes 

become increasingly visible throughout the summer as winter snows melt. Seracs, or ice cliffs, are not present along 

the immediate travel route. 

Glacier travel guidelines and glacier emergency response plans have been developed and implemented by Pretivm. 

Personnel on foot are not allowed to traverse the glacier unless for a specific task related to road maintenance or 
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monitoring. Only specially trained persons are allowed to exit vehicles on the ice. These personnel operating on the 

glacier receive additional safety training and are issued additional personal protective equipment such as rescue 

harnesses, avalanche beacons, rope rescue equipment, and avalanche rescue equipment. 

18.3.3 Knipple Transfer Station Facilities 

The Knipple Transfer Station facilities include a camp with offices; potable water well with treatment system; 

maintenance and emergency vehicle building; covered storage facility, including cold storage, fuel storage, and 

dispensing system; helipad; waste handling facility with an incinerator, assay laboratory, paste binder silos, sewage 

treatment by septic systems; transmission line substation; exploration core logging and splitting facility; and laydown 

area as shown in Figure 18-4. All deliveries to and from the mill site report to this facility for intermediate storage or 

transfer to a different vehicle before delivery to the mine or off site. 

Figure 18-4: Knipple Transfer Station 

 

18.3.3.1 Camp 

The camp is sized to accommodate 177 people, complete with kitchen, recreation, dormitories, potable water 

treatment system, and a sewage treatment system. Offices are included in the camp to manage the shipping and 

receiving of goods. An emergency diesel generator provides power to the camp in case of transmission line power 

interruption. A wireless system provides communications. 

Knipple Camp facilities include a first aid / emergency vehicle parking building, a cold storage / maintenance 

building, storage in sea can containers, and a waste handling facility with incinerator. 



 TECHNICAL REPORT ON THE BRUCEJACK GOLD MINE, NORTHWEST BRITISH COLUMBIA 

 220008-00-RPT-001 | MARCH 2020 | ISSUED FOR USE 

 

 18-16 

18.3.3.2 Fuel Storage 

Fuel is delivered to the Knipple Transfer Station and then stored in tanks before transshipment to the Brucejack 

mine site, except for propane, which is delivered directly to the mine. Storage facilities comprise one 150,000 L and 

one 10,000 L diesel storage tanks, one 10,000 L gasoline tank, and propane in 30,000 L, two 8,000 L, and two 

4,000 L tanks. Diesel fuel, primarily for mobile equipment, is stored in one 150,000 L double-walled tank located at 

the laydown area. Aviation fuel is stored in one 35,000 L double-wall tank. The fueling station lies on a lined pad 

and includes an oil water separator, a receiving pump, a strainer, and delivery pumps and filters. 

18.3.4 Bowser Aerodrome 

Bowser Aerodrome comprises a 5,000 ft. long by 75 ft. wide gravel airstrip with an apron for aircraft parking. The 

aerodrome is located 2 km east of Knipple Lake at 1,424 ft. elevation. The airstrip is shown in Figure 18-5. 

Figure 18-5: Bowser Aerodrome 

 
 

The airstrip was constructed at the site by expanding and improving an existing gravel airstrip to provide a safe and 

maintainable facility for chartered air traffic. It is available to provide air service by chartered flights to and from the 

mine. Currently, the personnel transportation between Brucejack Gold Mine and Smithers/Terrace, BC is facilitated 

by chartered bus service. However, routine crew changes by chartered air service is under study. Personnel would 

be transported from the aerodrome to the mine camp by bus. 
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The passenger aircraft used in the initial design of the aerodrome was the Beechcraft 1900; however, the design 

width was not completed nor were all approach/departure obstacle clearing requirements met. Expansion of the 

runway to 100 ft. width and 5,500 ft. length with lighting and apron up-grades is under study to allow AGN IIIA class 

aircraft,  such as the DE Havilland Dash 8 turboprops, to use the aerodrome. Obstacle removal is planned to 

alleviate the requirement to displace runway 06 threshold. 

Regular maintenance, provided by road maintenance personnel and equipment, permit year-round operation. 

18.3.4.1 Maneuvering and Movement Surfaces (Runway and Apron) 

The runway and apron surfaces are granular and suitable for turbo-prop aircraft. The runway surface is 1,643 m 

(5,392 ft.) long and 23 m (75 ft.) wide and oriented magnetically to correspond to the runway designations 06-24. 

Runway 06 (western approach direction) has a displaced threshold, elevation 1,445 ft., that is 364 m (1,195 ft.) from 

the west end of the airstrip. Runway 24 (eastern approach direction) threshold, elevation 1,440 ft., is located 60 m 

(198 ft.) from the runway’s eastern end. The runway includes a 7.5 m (25 ft.) graded area along each runway edge. 

The aircraft parking apron is located on the south side of the runway at runway 06 displaced threshold and has 

been sized to allow two Beach 1900 sized aircraft to maneuver and park. 

All granular surfaces are treated with water for dust reduction. 

18.3.4.2 Aerodrome Equipment Requirements 

A weather station is located just east of the aerodrome and a ceilometer and altimeter are located at the aerodrome. 

A trained radio operator at site communicates with aircraft prior to arrival and is available after the flights have 

departed. This allows the operator to relay weather and altimeter information to the pilots prior to, during, and after 

departure (in case an emergency return is required). 

18.3.5 Wildfire Security and Camp 

The Wildfire Camp (Figure 18-6) is located at km 1 on the Brucejack Access Road. Facilities include a gate at the 

Highway 37 junction to screen access and a security building with a gate at the eastern side of Wildfire Camp to 

control access and importation of banned substances and fishing and hunting equipment. The security screening 

is to prevent unauthorized departure with gold. Screening of vehicles and equipment for invasive plant species is 

also undertaken at Wildfire Camp. All traffic entering or exiting the Brucejack Access Road must report to this facility. 

Access to/from the mine is controlled by the security personnel at site. The camp area includes a large laydown 

area for incoming and outgoing freight vehicles. 

Wildfire Camp is sized to accommodate 23 people, complete with kitchen, dormitories, potable water well and 

pumphouse, potable WTP, and a septic field for sewage disposal. For bear protection, the camp dormitories, dry, 

and kitchen buildings are enclosed with an electric fence with gates for pedestrians and service vehicles. 
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Figure 18-6: Wildfire Camp 

 

18.4 Site Geotechnical Assessment 

This section is reproduced from the 2019 Technical Report. The geotechnical engineering assessment for the 

Brucejack Gold Mine site has included several subsurface investigation programs completed over the past decade. 

The regional and local geologic conditions near the plant site are well understood based on surface mapping and 

sampling of overburden soils and bedrock. The geotechnical engineering parameters that were recommended for 

inclusion in the earthworks design and foundation analysis at the Brucejack, proved satisfactory in the preparation 

of Issued for Construction documents in 2016-17. Construction Record Reports for earthworks documented that 

the design intent of the drawings and specifications were met at the Brucejack Gold Mine. Further expansion will 

require only site-specific recommendations for any proposed expansion facilities as there is a large volume of site 

investigation and construction records from the main plant available. 
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18.5 Avalanche Hazard Assessment 

An avalanche hazard assessment of the mine site, Brucejack Access Road, and transmission line route was 

presented in the 2014 FS (Ireland et al. 2014). Generally, this hazard assessment remains unchanged other than 

for the section of access road constructed in 2019 from 59 to 59.5 km. 

In summary: 

▪ The avalanche season for infrastructure below 1,000 m elevation is generally from November to May, while for 

elevations above 1,200 m the season is from October to June, or if cool, wet conditions persist avalanches can 

occur in summer months. Snow avalanches generally occur in areas where there are steep open slopes or 

gullies, and deep (more than 50 cm) mountain snow packs. Risks associated with avalanches are normally due 

to exposure to the high-impact forces that occur, as well as the effects of extended burial for any person caught 

in an avalanche. Avalanches may reach speeds up to 60 m/s (200 km/h). Impact pressures from dense flows 

are much greater than the powder component due to the density of the snow. 

▪ An avalanche path generally consists of a starting zone, a track, and a runout zone. Avalanches start and 

accelerate in the starting zone, which typically has a slope incline greater than 30°. Downslope of the starting 

zone, most large avalanche paths have a distinct track in which the slope angle is typically in the range of 15 

to 30°. Large avalanches decelerate and stop in the runout zone where the incline is usually less than 15°. 

Smaller avalanches may decelerate and even stop on steeper slopes (15 to 24°). 

▪ Avalanche frequency is the reciprocal of avalanche return period and is typically referred to as an order of 

magnitude ranging from 1:1 (annual) up to 1:300 (1 in 300) years. Each winter the probability of an avalanche 

with a specified return period is constant; however, the frequency depends upon snow supply, decreases with 

distance downslope in the track, and runout zone and varies from year to year. 

▪ Destructive potential of an avalanche relates to the magnitude of an avalanche. In general, large destructive 

avalanches occur less frequently, while smaller ones occur on a more regular basis. The spacial relationship of 

infrastructure to the location along an avalanche path will affect the destructive potential. A further distance 

from the toe of an avalanche will result in less risk and frequency of that risk. 

▪ Prior to construction, 15 avalanche paths or hazard areas were estimated that potentially could reach 

infrastructure or access roads, and many of those on an annual basis. These avalanche hazards were avoided 

wherever possible. At the mine site, there remains a risk of avalanches along the Brucejack Access Road 

between the NPAG quarry and the waste management facility on the eastern side of the mine site. There are 

also avalanche hazard zones along the Brucejack Access Road, particularly at km 44 and between Knipple 

Transfer Station and the ramp onto Knipple Glacier. In the km 44 area, remote avalanche control systems are 

installed to trigger avalanches at controlled times in order to avoid significant likelihood of large avalanche 

development. Remote avalanche control systems are also installed along the new section of Brucejack Access 

Road from 59 km to the ramp onto Knipple Glacier where a number of potential avalanche paths were identified 

(Gould and Campbell, 2019). 

▪ Pretivm has full time mountain safety technicians who monitor avalanche risk, develop hazard ratings for the 

Brucejack Access Road by specific sections, and release hazard bulletins with avalanche ratings for those road 

sections and glacier hazard ratings for travel on the glacier. The mountain safety technicians regularly survey 

the ice road and work with road maintenance to ensure safe travel on the ice. 
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19.0 MARKET STUDIES AND CONTRACTS 

19.1 Markets 

The Brucejack Gold Mine produces doré and flotation concentrate, which contain both gold and silver. The doré is 

shipped to precious metal refineries located worldwide for further processing to produce refined metals for sale. 

The concentrate is sold to international smelters or traders in concentrate form. The concentrates is exported out 

of Stewart, BC in bulk form.  

Gold and silver prices have fluctuated significantly. Table 19-1 shows the spot gold and silver prices (as of 

March 4, 2020) together with the last two-year and the last five-year average prices. 

Table 19-1: Gold and Silver Prices 

Metal Unit Spot(1) Two Years Three Years 

Gold US$/oz 1,641 1,353 1,328 

Silver US$/oz 17.2 16.0 16.4 

Note: (1)Gold and silver price on March 4, 2020. 

19.2 Smelter Terms 

The following smelter terms are reflected in the doré refinery and/or concentrate sales contracts that Pretivm 

currently holds at the time of this Technical Report. The related charge rates are within the industry normal rates. 

The terms are summarized as follows: 

▪ Gold-silver doré: 

− Gold and silver – pay approximately 99% of gold and silver content. Gold is refined at the refineries and 

sold at the spot market and subject to treatment charges, and other agreed deleterious charges are 

deducted from the proceeds of silver sales to the refineries. 

▪ Gold-silver concentrate: 

− Gold and silver – approximately 95 to 97% of gold depending on the gold contents and approximately 85% 

of silver content. Industry normal treatment and refining charges are applied for payable metals. A penalty 

charge for arsenic in the concentrate is charged over certain agreed upon levels.  

19.3 Concentrate Transportation 

Concentrate are transported to the Stewart Bulk Terminal (SBT) in customized bulk containers (maximum capacity 

of approximately 23 t). The containers are designed to have an openable lid on top and hinged doors on the side. 

Containers are loaded at the Brucejack Gold Mine site and trucked down to the Knipple Transfer Station where a 

third-party trucking company further transports them down to the SBT. From the SBT, the concentrate is exported 

to international customers in bulk vessels. 

The estimated concentrate transportation cost is US$138.38/wmt of concentrate, including ocean freight to Asian 

destinations at current market. 



 TECHNICAL REPORT ON THE BRUCEJACK GOLD MINE, NORTHWEST BRITISH COLUMBIA 

 220008-00-RPT-001 | MARCH 2020 | ISSUED FOR USE 

 

 19-2 

19.4 Mining Development Contracts 

Underground mining at the Brucejack Gold Mine is currently completed by Procon. This work includes lateral and 

ramp development, long hole drilling and blasting, mucking, hauling to the underground crusher, and backfilling. 

Mine planning is conducted by Pretivm employees who oversee the execution of the mining done by Procon. 



 TECHNICAL REPORT ON THE BRUCEJACK GOLD MINE, NORTHWEST BRITISH COLUMBIA 

 220008-00-RPT-001 | MARCH 2020 | ISSUED FOR USE 

 

 20-1 

20.0 ENVIRONMENTAL STUDIES, PERMITTING AND SOCIAL OR 
COMMUNITY IMPACT 

20.1 Environment, Social and Sustainability 

20.1.1 Corporate Policies, Guiding Principles and Criteria 

20.1.1.1 Mine Operations Philosophy 

Pretivm is committed to continuing to operate the Brucejack Gold Mine in a sustainable manner and according to 

the guiding principles in its corporate Social, Environmental, and Health and Safety policies. Every reasonable effort 

has and will continue to be made to minimize or prevent potential long-term adverse environmental effects and to 

ensure that the mine provides lasting benefits to local Indigenous and other communities while generating 

substantial economic and social advantages for shareholders, employees, and the broader community. Pretivm is 

focused on ensuring that the safe, successful operation of the Brucejack Gold Mine benefits the Province of British 

Columbia, and in particular, the Nisga’a Nation, Tsetsaut Skii km Lax Ha First Nation, Tahltan Nation, and the 

communities of Gitlaxt’aamiks, Gitwinksihlkw, Laxgalts’ap, Gingolx, Dease Lake, Telegraph Creek, Iskut, Stewart, 

Terrace, Smithers, Hazelton, and New Hazelton. 

Pretivm is committed to sustainable resource development, which balances environmental, social, and economic 

interests. Pretivm will continue to comply with regulatory requirements and to apply technically proven and 

economically feasible methodologies to protect the environment throughout mining, processing, and closure 

activities. 

20.1.1.2 Environmental Management System 

Environmental management is a corporate priority. Pretivm developed a comprehensive Environmental 

Management System (EMS) as part of its environmental assessment certification and major permits applications, 

implemented this during construction, and will continue to do so during mine operations and closure. The Brucejack 

Gold Mine approved EMS, including 20 component plans required by the mine’s Environmental Assessment 

Certificate (EAC #M15-01) and additional plans approved via other mine authorizations, is integrated into all aspects 

of mine operations. 

Environmental management is implemented on a basis of continual improvement. All of the component plans are 

considered to be live documents and undergo internal review a minimum of annually in accordance with regulatory 

requirements. Component plans are modified as appropriate based on these reviews and as required based on 

approved mine plan or environmental program modifications. Revised component plans are included in the mine’s 

annual report for its BC Mines Act (M-243) and Environmental Management Act Permits (PE-107835 and 

PA-107025) and distributed to applicable BC provincial regulatory agencies, the Nisga’a Nation through the Nisga’a 

Lisims Government, the Tsetsaut Skii km Lax Ha First Nation, the Tahltan Nation (as represented by the Tahltan 

Central Government), and to the State of Alaska Department of Natural Resources. Updated versions of the EMS 

component plans are also provided to BC EAO.  
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Component plans developed and implemented pursuant to the EAC are as follows: 

▪ Aboriginal Consultation Plan 

▪ Air Quality Management Plan 

▪ Ancillary Infrastructure Decommissioning and Reclamation Plan 

▪ Aquatic Effects Monitoring Plan 

▪ Avalanche Safety Plan 

▪ Chemicals and Materials Storage and Handling Plan 

▪ Economic and Social Effects Mitigation Plan 

▪ Heritage Management Plan 

▪ Health Services Monitoring Plan 

▪ Invasive Plants Management Plan 

▪ Metal Leaching / Acid Rock Drainage (ML/ARD) Management Plan 

▪ Mine Emergency Response Plan 

▪ Operation, Maintenance, and Surveillance Manual:  Brucejack Gold Mine Subaqueous Waste Rock and Tailings 

Deposition 

▪ Operation, Maintenance, and Surveillance Manual: Water Management Plan 

▪ Reclamation and Closure Plan 

▪ Soils Management Plan 

▪ Spill Response Plan 

▪ Traffic and Access Management Plan 

▪ Vegetation Management Plan 

▪ Waste Management Plan 

▪ Wildlife Management Plan. 

Additional management plans required for other authorizations or completed internally include: 

▪ Geohazards Management Plan 

▪ Chromium Management Plan 

▪ Ground Control Management Plan  

▪ Health and Medical Services Plan 

▪ Nitrogen Management Plan 
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▪ Refuse Incinerator Management Plan 

▪ Surface Erosion Prevention and Sediment Control Plan 

▪ Potable Water Management Plan 

▪ Construction Environmental Management Plan (applied to Construction phase only). 

Pretivm’s Environment and Regulatory Affairs department personnel implement and/or direct, provide training as 

appropriate, and monitor the implementation of federal and provincial environmental requirements under the mine’s 

authorizations (BC EAC, Environmental Impact Statement (EIS) Decision Statement, permits, licenses, tenures) 

and EMS. Health and safety (including medical, security, and avalanche safety) requirements of applicable 

component plans are implemented and/or directed by the mine’s Health and Safety Department. Engineering 

related requirements, including geotechnical and geohazards, are led by the Technical Services Department. 

Standard Operating Procedures (SOP) have been developed as appropriate for the various plans and are 

implemented by personnel trained in their use. 

20.1.1.3 Traditional Knowledge 

Pretivm respects the traditional knowledge of the Indigenous peoples who have historically occupied or used the 

Project area. Pretivm recognizes that it has significant opportunity to learn from people who have generations of 

accumulated experience regarding the character of the plants and animals, and the spiritual significance of the 

area. Traditional knowledge informs planning for various aspects of the mine, including planning and design for 

future changes to the mine plan as may be applicable. 

Pretivm is committed to an engagement process that continues to invite and consider input from people with 

traditional knowledge in the area. 

20.1.1.4 Ecosystem Integrity 

Prior to about 1980, the local ecosystem was relatively undisturbed by human activities, although it was not static. 

Glacier retreat and relatively recent volcanic activity (within the last 10,000 years), along with landslides, debris 

flows, and snow avalanches, have and continue to modify the landscape. In the 1980s and through the 1990s, 

Newhawk Gold Mines Ltd. completed mineral exploration, including advanced underground exploration, at 

Brucejack. In 2008, Silver Standard Resources began surface exploration of Brucejack. Pretivm began major 

exploration programs starting in 2011, leading to mine construction in 2015.  

The Brucejack Gold Mine was designed and constructed with a minimal disturbance area (surface disturbance of 

approximately 50 ha for core infrastructure at the mine site). Pretivm is committed to retaining current ecosystem 

integrity as much as possible during mine operations and closure. This objective is being met by: 

▪ Minimizing the mine infrastructure development footprint, and reclaiming areas that are no longer required for 

mine operations 

▪ Implementing rigorous surface water management practices to reduce erosion and sediment transport of easily 

erodible soils 

▪ Avoiding adverse effects, where feasible 

▪ Minimizing and/or mitigating unavoidable adverse effects. 
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Following completion of operations, the mine and its supporting infrastructure will be closed and reclaimed to the 

approved end land uses in accordance with the Reclamation and Closure Plan. Objectives of the Reclamation and 

Closure Plan include returning disturbed areas to a land use meeting the average level of capability that existed 

prior to project development, where practical, and for the end configuration to be consistent with pre-existing 

ecosystems to the extent feasible. 

20.1.1.5 Biodiversity and Protected Species 

Pretivm remains committed to making every reasonable effort toward maintaining biodiversity in the area of the 

mine. Biodiversity is defined by the BC Ministry of Forests, Lands and Natural Resource Operations and Rural 

Development (MFLNRORD) as “the diversity of plants, animals, and other living organisms in all their forms and 

levels of organization, and includes the diversity of genes, species, and ecosystems, as well as the evolutionary 

and functional processes that link them” (MFLNRORD 1995). 

Maintenance of biodiversity is not an isolated effort, but an integral part of project planning (mitigation and 

monitoring), environmental effects analyses, and achievement of environmental protection and mitigation goals. 

This approach was implemented throughout the mine’s environmental assessment and permits applications 

processes and subsequent development, and will continue to be implemented through operations. 

20.1.2 Social Setting 

20.1.2.1 Socio-economic Setting 

Northwest BC is a sparsely populated and relatively undeveloped region of the province. Many of the smaller 

communities have predominantly Indigenous populations that are distant from one another as well as from the main 

regional centers of Smithers and Terrace. Nationally, the Indigenous population is one of the fastest growing 

populations, increasing at four times the rate of the non-Indigenous population since 2006. This suggests that the 

Indigenous population in this region will continue to represent a significant segment of the regional population into 

the future. 

The Brucejack Gold Mine is located in the Regional District of Kitimat-Stikine. The mine’s area of influence is 

generally considered to be northwest BC, inclusive of communities from the Nass Valley and Terrace to Smithers, 

Stewart, and as far north as Dease Lake. 

Primary resource industries, principally mining and forestry, are the mainstay of the regional economy. The forest 

industry declined in recent decades, which has significantly affected the economy and led to a steady decline in the 

regional population. As is typical of resource-dependent economies, communities in the region have experienced 

multiple cycles of “boom and bust” associated with mining and resource extraction, with the attendant population 

peaks and troughs. However, announcements of major projects (including mining and liquefied natural gas (LNG)) 

have drawn workers to the region, potentially leading to population growth in communities such as Smithers and 

Terrace.  

Transportation infrastructure in northwest BC is limited. The primary transportation corridors are Highway 37 (north 

to south) and Highway 16 (east to west). Air transportation hubs include the Northwest Regional Airport in Terrace, 

which serves the communities of Terrace and Kitimat (including daily flights to Kelowna, Vancouver, Victoria, and 

Prince George), the Smithers Regional Airport in Smithers (with flights to Vancouver, Dease Lake, Prince George, 

and other communities), and the Prince Rupert Airport in Prince Rupert (with scheduled flights to Vancouver). 
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Community and socio-economic impacts of the Brucejack Gold Mine are favourable for the region, with many long-

term opportunities created for local and regional workers. Pretivm is committed to hiring workers from northwest 

BC; as of December 2019, 51% of Pretivm’s direct workforce of 741 employees were residents of the region and 

31% self-identified as Indigenous. The total workforce amounted to 1,201, of which 460 were employed as on-site 

contractors. These rotational jobs allow workers to continue living in their home communities and have likely helped 

to reduce and possibly reverse the out-migration to larger centers. Pretivm has and continues to work actively with 

Indigenous groups (including the Nisga’a Nation, Tsetsaut Skii km Lax Ha First Nation, Tahltan Nation, and 

Gitanyow Hereditary Chiefs) and representatives of local communities to maximize benefits through employment 

and business opportunities, training, and skills development programs. Through multiple initiatives, including 

working with local training organizations and holding career fairs throughout the region, Pretivm is committed to 

enhancing local benefits and improving economic growth in the region. Pretivm also owns a warehouse and office 

in Smithers where it bases its off-site supply chain management, warehousing, travel, and some senior 

environmental and permitting personnel; approximately 20 employees work at this location. 

Pretivm reached a Cooperation and Impacts Benefits Agreement with Nisga’a Nation in April 2015, with Gitanyow 

Hereditary Chiefs in June 2016, and with the Tahltan Central Government in October 2017. 

The following subsections profile northwest BC focusing on the Highway 16 and Highway 37 corridors with reference 

to population data from Statistics Canada’s 2016 Census of Canada. 

Highway 16 Corridor 

From the deepwater port at the City of Prince Rupert on the west coast, Highway 16 extends eastward to Terrace, 

the Hazeltons, Smithers, and Prince George; the Canadian National Railway also follows this route. Rural 

settlements and Indigenous reserves are interspersed throughout the region. With a strong history in forestry, 

mining, and rail transport, these communities have shown business growth and development of a wide array of 

goods and service contractors related to mineral exploration and mining. In 2016, Terrace was home to more than 

11,000 residents and Smithers had a population of 5,350; further east, the northern service center of Prince George 

has a population of more than 86,000 people.  

Highway 37 Corridor 

Highway 37 connects with Highway 16 at Kitwanga and extends northward to the Yukon border. At Meziadin 

Junction, a secondary route (Highway 37A) branches west and connects to the deep-water port in the community 

of Stewart. The Brucejack Access Road intersects Highway 37 60 km north of Meziadin Junction at km 215 of 

Highway 37. Mining and forestry industries use the Stewart World Port and the SBT to ship products from northern 

BC and Yukon to international destinations, taking advantage of Canada’s most northerly ice-free port. Further 

north, the communities along this corridor include Iskut, Dease Lake, and Good Hope Lake. 

With the exception of Stewart, most communities in this area are Indigenous. Indigenous communities include the 

Nisga’a Nation communities of Gitlaxt’aamiks, Gitwinksihlkw, Laxgalts’ap, and Gingolx and the Tahltan Nation’s 

communities of Iskut, Telegraph Creek, and Dease Lake. These communities rely heavily on public sector 

employment, with growing involvement in the mining industry. They are distant from larger service centers and 

Dease Lake and Telegraph Creek are not connected to the provincial electricity network. Dease Lake, with a 

population of approximately 400 people (on- and off-reserve) in 2016, is the main center for goods and services 

(including a small airstrip), and is located approximately an eight-hour drive to either Smithers or Whitehorse.  

Stewart, BC was established in 1902, and following an influx of gold seekers beginning in 1906, had a population 

of approximately 10,000 by 1910. Its population has subsequently fluctuated in response to mining (primarily) and 

forestry cycles, with many of the current structures constructed for development of the Granduc Mine in the 1960s. 

Since the Granduc Mine’s closure in the 1980s, the town’s population declined dramatically from nearly 1,500 in 
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1981 to approximately 500 people between 2006 and 2011. This was followed by a further 19% decline to 400 

residents in 2016. Possible mine developments in the Highway 37A corridor have the potential to reverse the decline 

in population. 

As mentioned above, announcements of mining and LNG investments in recent years have created renewed 

optimism for opportunities in the shipping and LNG industries and the potential for increased jobs and investment 

to the region. 

20.1.2.2 Traditional Use 

The Brucejack Gold Mine is located on Crown land in an area historically used by several Indigenous groups. A 

desk-based ethnographic overview for the potentially affected Indigenous groups was undertaken in 2012 and 2013. 

In addition, a Traditional Knowledge/Traditional Use (TK/TU) study was completed for the Tsetsaut Skii km Lax Ha. 

These studies identify areas and seasons where Indigenous groups have engaged in traditional interests and 

activities, including hunting, fishing, gathering, and spiritual activities.  

As described further below, the location of the mine site is covered by the Cassiar-Iskut Stikine LRMP, which was 

developed by the province of BC resource agencies in consultation with Indigenous partners, communities, and 

other stakeholders. When the LRMP was approved in 2000, the Tahltan Nation became the first Indigenous group 

in BC to have participated in a LRMP process. 

20.1.2.3 Non-Indigenous Land Use 

The mine site is located in the area covered by the Cassiar Iskut-Stikine LRMP, which was approved by the province 

in 2000 and encompasses 5.2 million hectares of northwestern BC. The LRMP is a sub-regional integrated resource 

plan that establishes the framework for land use and resource management objectives and strategies, and provides 

a basis for detailed management planning. The LRMP outlines the management direction, research and inventory 

priorities, and economic strategies for the Cassiar Iskut-Stikine area, and presents an implementation and 

monitoring plan to reach the established objectives.  

The Brucejack Access Road and transmission line east of the head of Knipple Glacier lie within the boundaries of 

the South Nass Sustainable Resource Management Plan (SRMP) area, finalized in June 2012. The SRMP is a 

landscape-level plan that addresses the sustainable management of land, water, and resources while considering 

economic interests.  

The area surrounding the Brucejack Gold Mine has been the focus of mineral exploration for many years. There 

are indications that prospectors explored the area for placer gold in the late 1800s and early 1900s. Placer gold 

production has been reported for Sulphurets Creek in the 1930s, and a large log cabin near the confluence of 

Mitchell and Sulphurets Creeks was reportedly used by placer miners until the late 1960s. The region surrounding 

the mine is extensively staked with mineral claims and several other mining companies have active exploration 

programs nearby. 

The mineral deposits in and adjacent to the Brucejack Gold Mine have been extensively explored on an intermittent 

basis since the 1960s. Intensive underground exploration adjacent to Brucejack Lake in the 1980s by Newhawk 

was supported by an exploration road from Bowser Lake over Knipple Glacier. 

Results of the 2012 non-traditional land use baseline research program indicate that a limited number of people 

access the general area between the town of Stewart and Bell II. Those known to access the broader general area 

include those with specific licenses and tenures for land and resource use, such as trappers, guide outfitters, 

hunters, and those who participate in commercial recreation activities, such as heli-skiing, guided freshwater 
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recreation, and guided mountaineering. Other individuals with interests in the general area include those who hold 

forestry licenses, mineral claims, and placer claims, all linked to resource development and industry, as well as 

water licenses, which may be linked to commercial recreation businesses. Overall, land use in the area is of low 

intensity and activities are generally seasonal in nature. 

20.1.2.4 Archaeology and Heritage Resources 

Archaeological assessments were conducted in accordance with approved methodologies of permits issued under 

the Heritage Conservation Act around the mine site and along the access and transmission corridors. Two small 

prehistoric archaeological sites were identified in proximity (within 1 km) to mine-related infrastructure and were 

avoided during construction. Pretivm maintains a Heritage Management Plan with a Chance Find Procedure in the 

event that additional archaeological resources are encountered.  

20.1.2.5 Social and Community Management Systems  

Pretivm developed an ESEMP as a requirement of its EAC. The ESEMP comprises specific strategies to minimize, 

mitigate, and/or manage potential adverse effects while enhancing positive impacts of the Brucejack Gold Mine on 

surrounding local and Indigenous communities. These communities comprise the Nisga’a villages of Gitlaxt’aamiks, 

Gitwinksihlkw, Laxgalts’ap, and Gingolx, and Telegraph Creek, Dease Lake, Iskut, Hazelton, New Hazelton, 

Stewart, Terrace, and Smithers. Strategies relate to local employment, procurement, training, transportation, and 

communications protocols, including reporting and feedback. The ESEMP was first drafted in August 2015 and 

provided to the Nisga’a Lisims Government, Tahltan Central Government, and Tsetsaut Skii km Lax Ha First Nation 

for review and comments. The ESEMP is updated on an annual basis. 

Pretivm prepares an annual report on the outcomes and achievements related to the ESEMP each year and 

circulates it to the BC EAO, Indigenous groups, and Local Study Area communities. This report documents the 

following: 

▪ Engagement with, and feedback from, local and regional residents 

▪ Employment, hiring, and recruitment statistics, including efforts for local and Indigenous hiring 

▪ Summary of education and training initiatives 

▪ Procurement initiatives, including local and Indigenous contracts 

▪ Changes or updates to the workforce transportation strategy. 

20.1.3 Consultation 

Pretivm recognizes the importance of carrying out consultation and will continue to meet all regulatory requirements 

to conduct consultation. Pretivm regularly engages with Indigenous groups, community residents, local 

governments, and educational institutions in northwest BC in order to provide information and seek feedback about 

the Brucejack Gold Mine. Pretivm is aware of and committed to implement new BC regulatory requirements arising 

from Bill 41, the BC Declaration on the Rights of Indigenous Peoples Act that came into effect in November 2019. 

20.1.3.1 Consultation Policy Requirements 

Provincial and federal regulations, various permit requirements, best practices, and internal company policies 

contain provisions for consultation with Nisga’a Nation, Tsetsaut Skii km Lax Ha, Tahltan Nation, and various 

communities, both Indigenous and non-Indigenous. 
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20.1.3.2 Consultation 

Community engagement and consultation are fundamental to the success of the Brucejack Gold Mine. Since 2011, 

Pretivm has regularly consulted with the Nisga’a Nation, Tahltan Nation, Tsetsaut Skii km Lax Ha, as well as other 

Indigenous groups. As part of the environmental assessment process, Pretivm participated in all BC EAO technical 

working group meetings, which involved engagement with all relevant government agencies, and Indigenous 

representatives. Through this process, Pretivm developed a specific consultation plan for engagement with 

Indigenous groups, spanning from the environmental assessment pre-application through to the post-application 

periods. Indigenous, public, and government consultation activities, such as private and community meetings, open 

houses, information distribution activities and site tours, all informed the EAC application process and subsequent 

permitting processes. In recent years, engagement has focused on permit amendments and local hiring to fill 

positions at the mine (including Pretivm and contractor workers) and opportunities for education, training, 

procurement, and addressing barriers to employment. 

Pretivm employs a full-time community relations manager, based at the company’s office in Smithers. The 

community relations manager is responsible for engagement with Indigenous groups and other local stakeholders, 

and works with Pretivm’s staff and contractors to ensure that the company’s commitments for engagement, 

communication, and local recruitment are addressed. Consultation activities are tracked and recorded using an 

online database and are regularly reviewed to promote and strengthen continual relationship building and issues 

tracking.  

Ongoing consultation efforts aim to engage both the leadership and community membership and attempt to resolve 

potential issues and concerns as they arise, with a focus on proactive inclusion and increased supplier development 

within the Brucejack supply chain for local and Indigenous businesses. No substantive issues have been raised to 

date regarding the mine. 

Pretivm has and continues to engage and collaborate with the federal, provincial, regional, and municipal 

government agencies and representatives as required with respect to topics such as permit compliance, land and 

resource management, and environmental and social studies. 

Pretivm consults with the public and relevant stakeholder groups, including land tenure holders, businesses, 

economic development organizations, businesses and contractors (e.g., suppliers and service providers), education 

and training providers, and special interest groups (e.g., environmental, labour, social, health, and recreation 

groups), as appropriate. 

20.2 Environmental Assessment Certifications and Permitting 

Mining projects in BC are subject to regulation under federal and provincial legislation to protect workers and the 

environment.  This section discusses the principal licenses and permits acquired for the Brucejack Project. 

20.2.1 Environmental Assessment Certifications 

Major mining projects in BC are subject to environmental assessment and review prior to certification and issuance 

of permits to authorize construction and operations. Environmental assessment is a means of ensuring the potential 

for adverse environmental, social, economic, health, and heritage effects or the potential for adverse effects on 

Aboriginal interests or rights are addressed prior to project approval. Brucejack was subject to both the BC 

Environmental Assessment Act (BCEAA) and Canadian Environmental Assessment Act (CEAA) 2012 review 

processes. The design production rate of 2,700 t/d exceeded the BC provincial threshold criterion for requirement 

of an environmental assessment as specified in the BC Reviewable Project Regulations (75,000 t/a (or 205 t/d)), 

and the federal threshold criterion for gold mine developments of 600 t/d, as specified under the Regulations 
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Designating Physical Activities. On March 26, 2015, BC EAC #M15-01 was awarded and on July 27, 2015, a federal 

project approval was issued in a Decision Statement under Section 54 of the CEAA, 2012. 

The Brucejack EAC #M15-01 has been amended five times. These amendments were to bring the EAC into 

conformance with changes to infrastructure and design that resulted both during the initial Mines Act and 

Environmental Management Act permits application and review process, and later, due to facility refinements during 

subsequent detailed design and construction. The fifth EAC amendment included increasing the total tonnage to 

be mined and increased the daily/annual mining rate. The federal Decision Statement is not subject to amendments 

and the increase in production rate was not sufficient to require a new federal environmental review.  

Table 20-1: List of Amendments to EAC #M-15-01 

Amendment Date Purpose 

1 10 March 2016 Added NPAG rock quarry, set time limit for PAG rock storage, removed borrow source 
component, and amended layout figures and maps. 

2 12 August 2016 Added electric fencing to Wildfire Camp and revised Schedule A and figures. 

3 23 November 2016 Added aviation beacons and revised layout figures and maps. 

4 13 March 2017 Changed time limit for PAG rock storage in amendment #1. 

5 15 November 2018 Changed maximum production to 18.5 Mt of ore, added snow melter and process water 
pumping system, and changed wording related to waste rock and tailings storage. 

 

On December 21, 2017, the EAO issued a determination that the project has been substantially started, which has 

the effect that the EAC remains in effect for the life of the project, subject to the Minister’s power to cancel and 

suspend a certificate under Section 37 of the BCEAA. 

20.2.2 Permits and Other Authorizations 

A variety of applicable BC and Canadian environmental and safety standards and practices required permits and 

other authorizations for Brucejack Gold Mine construction and operations. Pertinent provincial and federal 

legislation and/or under which authorizations have been obtained include:  

▪ Environmental Assessment Act (BC) 

▪ Environmental Management Act (BC) 

▪ Forest Act (BC) 

▪ Forest and Range Practices Act (BC) 

▪ Forest Practices Code of British Columbia Act (BC) 

▪ Health Act (BC) 

▪ Health, Safety and Reclamation Code for Mines in British Columbia (BC) 

▪ Industrial Roads Act (BC) 

▪ Land Act (BC) 

▪ Mineral Tenure Act (BC) 
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▪ Mines Act (BC) 

▪ Mining Right of Way Act (BC) 

▪ Motor Vehicle Act (BC) 

▪ Nisga’a Final Agreement Act (BC) 

▪ Safety Standards Act (BC) 

▪ Transportation Act (BC) 

▪ Water Sustainability Act (BC) 

▪ Wildlife Act (BC) 

▪ Canadian Environmental Protection Act (Canada) 

▪ Canada Transportation Act (Canada) 

▪ Transportation of Dangerous Goods Act (Canada) 

▪ Canada Explosives Act (Canada) 

▪ Nuclear Safety and Control Act (Canada) 

▪ Navigation Protection Act (formerly Navigable Waters Protection Act) (Canada) 

▪ Fisheries Act (Canada) 

▪ International Rivers Improvement Act (Canada). 

Major federal and provincial licenses, permits, and approvals that were obtained to construct and operate the 

Brucejack Gold Mine are summarized in the following sections. This summary cannot be considered final for the 

LOM due to the complexity of government regulatory processes, which evolve over time, and the large number of 

minor permits, licenses, approvals, consents, authorizations, and potential amendments that are required from time 

to time. More than 100 authorizations have been issued to date for construction and operation of the Brucejack 

Gold Mine and its supporting infrastructure. Additional minor notifications, authorizations, and amendments to 

existing authorizations will be required on an on-going basis to support continual improvement of the mine plan, 

surface and ancillary infrastructure, as well as changes to regulatory changes applicable to the mine’s operation. A 

compliance tracking system is used. 

20.2.2.1 British Columbia Authorizations, Licenses, and Permits 

Issuance of statutory permit approvals occurred following receipt of the EAC and federal EIS Decision Statement. 

The BC Mines Act Permit M-243 and Environmental Management Act Permits PE 107835 and PA 107025 were 

issued in July and August 2015, respectively. Mines Act Permit M-243 has been amended seven times to 

accommodate mine plan changes, including the increase in production rate to 1,387,000 t/a (3,800 t/d). The 

Environmental Management Act discharge permits for waste discharges to both water and air have been amended 

four times. The Brucejack Access Road, initially permitted under a BC Mines Act exploration permit, was 

re-permitted as Special Use Permit S25923 under the Provincial Forest Use Regulation (Forest Practices Code of 

British Columbia Act), which has been amended once. A full summary of active provincial authorizations for the 

Brucejack Gold Mine is presented in Table 20-2. 
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Table 20-2: List of BC Major Authorizations, Licenses, and Permits Obtained to Develop and 

Operate the Brucejack Project 

BC Government Agency – Permits and Licenses Enabling Legislation and Authorization 

Environmental Assessment Office Environmental Assessment Act 

EAC #M15-01 issued 26 March 2015; amended 10 March 
2016, 12 August 2016, 23 November 2016, 31 March 2017, 
and 15 November 2018. 

Ministry of Energy, Mines and Petroleum Resources,  

Approving Mine Plan and Reclamation Program, including 
the northern one-third of the transmission line on Pretivm 
mineral tenures. 

Mines Act  

Permit M-243 issued 22 July 2015; amended 26 August 
2015, 9 September 2015, 17 March 2016, 4 August 2016, 
3 April 2017, and 14 December 2018. 

Ministry of Energy, Mines and Petroleum Resources 

Issuance of Mining Leases 

Mineral Tenure Act  

Tenures 1038597, 1038598, 1038599, and 1038600 issued 
17 September 2015. 

Ministry of Environment and Climate Change Strategy  

Discharge Mine Related Contaminants and Effluent to 
Water Permit 

Environmental Management Act  

Permit 107835 issued 31 August 2015; amended 
4 February 2016, 12 July 2016, 31 March 2017, and 
14 December 2018. 

Ministry of Environment and Climate Change Strategy  

Discharge Mine Related Contaminants to Air and Ash to 
Ground Permit  

Environmental Management Act  

Permit 107025 issued 9 January 2014; amended 22 July 
2015, 12 July 2016, 8 September 2017 (temporary item that 
was included in next amendment), and 27 March 2018. 

Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development 

Access Road  

Forest Practices Code of British Columbia Act (Provincial 
Forest Use Regulation) and Mining Right of Way Act 

Special Use Permit S25923 issued 23 July 2015; amended 
7 June 2016. 

Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development 

Occupant License to Cut 

Forest Act 

Licenses to cut to clear timber along the transmission line 
and access road route and other infrastructure sites; OLTC 
L48433 and L50280 issued 1 May 2015 and 23 July 2015, 
respectively. 

Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development 

Water License – Use 

Water Sustainability Act 

Process Water Withdrawal License 500684 issued 
26 November 2018 (replaces prior license). 

Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development 

Water Licenses – Diversion and Use  

Water Sustainability Act 

Diversion of surface waters around site and withdrawal from 
mine. Licenses C132076 and C132077. 

Technical Safety BC 

Design Registration 

Safety Standards Act 

Incinerators  

Ministry of Forests, Lands, Natural Resource Operations 
and Rural Development 

Licenses of Occupation (a total of 20 sites) 

Transmission Line (southern two-thirds), Wildfire Camp / 
Laydown, Bowser Aerodrome / Camp / Laydown, 
Explosives Storage Areas, Knipple Transfer Station, Scott 
Weather Station, Communication Tower Sites, Aviation 
Beacon Sites 

Land Act 

Most issued in 2015 with additions in 2016. 

table continues… 
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BC Government Agency – Permits and Licenses Enabling Legislation and Authorization 

Ministry of Environment and Climate Change Strategy  

Hazardous Waste Generator Registration 

Hazardous Waste Regulation 

Provincial Identification Number BCG 10829 issued 
6 September 2013. 

Northern Health 

Camp Operation Permits (potable water system (including 
wells), sewage systems, camp operations, camp food 
services) 

Drinking Water Protection Act/Health Act/Municipal 
Wastewater Act 

All issued by Northern Health starting in 2013, ongoing as 
annual updates for changes in design and operations. 

20.2.2.2 Federal Approvals and Authorizations 

Applications for federal approvals can be completed concurrently with or following the provincial environmental 

assessment process, but permits and authorizations cannot be obtained until federal approval of the EIS.  

Table 20-3 lists federal approvals obtained for the Brucejack Gold Mine. 

Table 20-3: List of Federal Approvals and Licenses Obtained to Develop and Operate the 

Brucejack Project 

Federal Government Approvals and Licenses Enabling Legislation and Authorization 

Canadian Environmental Assessment Agency (as of 2019 
replaced by Impact Assessment Agency of Canada) 

EIS 

CEAA 2012 (replaced in August 2019 by Impact 
Assessment Act) 

Decision Statement issued 27 July 2015. 

Environment and Climate Change Canada 

Alteration of Flow on an International River 

International Rivers Improvement Act 

Exception received 26 November 2015. 

Environment and Climate Change Canada 

MDMER 

Fisheries Act/Metal and Diamond Mining Effluent Regulation 
(MDMER) 

The mine became subject to MDMER on 12 January 2016. 

Transport Canada, Navigable Waters Protection Program 

Stream Crossing Authorizations 

Navigation Protection Act (in 2019 replaced by Canadian 
Navigable Waters Act)  

Group 4 “Navigable Waters Protection Program” Issued 
10 December 2012; not subject to the act as of 6 July 2016. 

Natural Resources Canada 

Explosives Storage Facilities 

Explosives Act 

Innovation, Science and Economic Development Canada 

Radio Licenses 

Radio Communication Act 

Canadian Nuclear Safety Commission 

Radioisotope License (Nuclear Density Gauges) 

Nuclear Safety and Control Act 
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20.2.3 Financial Assurance 

The current reclamation security for activities within the area covered by Mines Act Permit M-243 (primarily the area 

within the Mining Leases) totals $31,700,000, which is based on a full build-out of the mine. This reclamation security 

is reviewed annually as part of the annual MEMPR reporting requirements and is also subject to major review at 

least every five years to reflect changes in mine plans and anticipated reclamation costing rate changes. The next 

five-year review is due in July 2020. The Brucejack Access Road reclamation security held under the Special Use 

Permit totals $2,000,000. This security is subject to annual changes based upon Canadian Consumer Price Indices. 

A number of smaller reclamation securities are established under each license agreement for facilities built on 

Licenses of Occupation that have an aggregate value of $70,000. 

20.3 Environment 

20.3.1 Environmental Setting 

20.3.1.1 Introduction 

The Brucejack Gold Mine is located in an alpine area along the southwest shore of Brucejack Lake at the western 

terminus of the Brucejack Access Road (Figure 4-2). The mine site elevation is approximately 1,400 masl and the 

treeline is at approximately 1,200 masl. Elevations of the Knipple Camp (km 56), Bowser Aerodrome (km 51), and 

Wildfire Camp and Security (km 1) areas are approximately 470, 444, and 453 masl, respectively. The 73 km 

Brucejack Access Road climbs to an elevation of approximately 1,000 masl at the summit of Scott Pass, near km 17 

between Wildfire Camp and Bowser Aerodrome. 

This topographic and spatial variation results in significant temperature, precipitation, and wind differences between 

these project infrastructure areas and along the Brucejack Access Road. The mine and its supporting infrastructure 

lie in a transition zone between the very wet coastal and drier interior regions of BC. This part of northwestern BC 

is dominated by weather systems generated from the Pacific Ocean, but is also strongly influenced by orographic 

effects caused by the local mountain topography that produces high spatial variability in snowfall and precipitation, 

and in temperatures and snowmelt. In addition, the large glacial areas around the mine site can impact snowmelt 

rates and produce high runoff volumes during the summer months. The humid climate and physical characteristics 

of the region result in dynamic streams and rivers with high annual runoff rates and high average stream flows. 

The Brucejack Gold Mine and its supporting infrastructure are located in a rugged area with elevations ranging from 

approximately 500 masl at the lower elevations along parts of the Brucejack Access Road and the transmission line 

to 1,400 m at the mine site. Peaks surrounding the mine site and for the northernmost part of the transmission line 

reach elevations of up to approximately 2,200 masl. Glaciers and icefields surround the mine site to the west, south, 

and east. 

Recent and rapid deglaciation has resulted in over-steepened and unstable slopes in many areas. Recently 

deglaciated areas typically have limited soil development, consisting of glacial till and colluvium. Lower elevation 

areas with mature vegetation may have a well-developed organic soil layer. Avalanche chutes are common 

throughout the area, and management of avalanche hazards is a key aspect of mine and access road operations. 

Avalanche and glacier access hazards are actively monitored and managed by mountain safety personnel within 

the mine’s health and safety department, in accordance with the Avalanche Safety Plan (ASP). 
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The mine site area (all mine infrastructure west of the upper Knipple Glacier, km 71) is situated within the Brucejack 

Creek watershed, which is a small headwater sub-basin within the Sulphurets Creek watershed (drainage area 

299 km2). Sulphurets Creek is a tributary of the Unuk River that flows southwest, eventually discharging to the 

Pacific Ocean northeast of Ketchikan, Alaska (drainage area 2,577 km2 at the mouth). The first 71.5 km of the 

Brucejack Access Road and the infrastructure areas along the road are located within the Bell-Irving River 

watershed, which drains to the Nass River. The Nass River discharges into the Pacific Ocean in Canada. 

There are no fish present within Brucejack Lake or Creek, or in most of Sulphurets Creek downstream of the mine. 

The nearest recorded fish presence is more than 20 km downstream of the mine, approximately 300 m upstream 

of the confluence of Suphurets Creek with the Unuk River. The Bowser and Bell-Irving rivers are both fish-bearing, 

including anadromous salmonids and resident Dolly Varden char. Wildlife species present in the area include black 

and grizzly bears, moose, and mountain goats. 

Pretivm undertook extensive environmental baseline studies in support of its application for an EAC and EIS 

Decision Statement as well as for subsequent major provincial permit applications (Mines Act Permit, Environmental 

Management Act permits, and other authorizations). These included atmosphere/climate, surface and subsurface 

hydrology, aquatics, geochemistry, hydrogeology, surface water and sediment quality, limnology, fish habitat, soils, 

vegetation, and wildlife studies to characterize the local and regional ecosystem prior to major disturbances.  

Archaeology, heritage, land use, cultural, TK, and socioeconomic baseline studies were also carried out to 

characterize the regional human environment. An extensive environmental monitoring program was implemented 

through mine construction and is being continued through mine operations in accordance with the mine’s 

authorizations. 

20.3.1.2 Climate 

The climate of the  region is relatively extreme and daily weather patterns are unpredictable.  Prolonged clear sunny 

days can prevail during the summers. Precipitation in the region is approximately 1,600 to 2,100 mm annually. The 

majority of precipitation falls during the autumn and winter months, from October to April. Records show that 

Brucejack Lake receives approximately 70% of its annual precipitation on average during this period. The months 

of October through to January typically have the highest monthly precipitation amounts, while late spring or early 

summer months are typically much drier. Snowpack typically ranges from 1 to 2 m deep, but high winds can create 

snowdrifts up to 15 m deep. Permanent icefields are present in the upper reaches of the Brucejack Lake watershed. 

A full meteorological station was established west of the Brucejack Camp in mid-October 2009 to collect site-specific 

weather data. The station measures wind speed and direction, air temperature and pressure, rainfall, snowfall, 

relative humidity, solar radiation, net radiation, and snow depth. The Brucejack Lake station operated from October 

2009 to August 2014. The tower and instrumentation were relocated to a site in the Valley of the Kings valley, closer 

to and approximately 0.6 km from the Brucejack Camp, in September 2014. Additional meteorological stations have 

been installed at the Bowser aerodrome, 18.2 km from Brucejack Camp, and Scott Pass at km 18 along the 

Brucejack Access Road, approximately 30 km from Brucejack Camp. 

Table 20-4 presents the estimated average monthly climate data for the Brucejack Project site (BGC 2017). 

Average monthly temperature data for the mine site area are based on temperature data collected at site for the 

2013-2016 period. 

Annual evaporation and sublimation at the site was estimated using local climate data from the on-site climate 

station for the period 2010 to 2012, and Reference Evapotranspiration (REF-ET) calculation software 

(Version 3.1.14). Climate inputs required for the model include air temperature, wind speed, incoming solar radiation 

(or sunshine hours), relative humidity, dew point temperature, and atmospheric pressure.  
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Table 20-4: Average Monthly Climate Data for the Brucejack Gold Mine Site 

Month 

Average 
Temperature 

(°C) 

Average 
Precipitation 

(mm) 

Average 
Evaporation/ 
Sublimation 

(mm) 

January -5.0 269 2 

February -6.9 231 2 

March -5.8 196 2 

April -2.6 105 4 

May 3.8 95 10 

June 5.8 72 23 

July 8.1 90 46 

August 8.5 150 41 

September 4.5 224 25 

October -0.1 267 8 

November -5.2 233 2 

December -7.7 267 2 

Average/Total -0.2 2,200 167 

Source: BGC (2017) 

20.3.1.3 Ecosystems 

The mine site is situated in a gossanous area above the treeline. Prior to construction, it was dominated by 

unvegetated and sparsely vegetated terrain, with limited areas of alpine ecosystems within the gossan itself. Alpine 

ecosystems, including tundra, heather, and fellfield classes, are common in the area surrounding the mine site.  

The Brucejack Access Road traverses valley bottom forests, subalpine stands of subalpine fir, and Engelmann 

spruce in higher elevation sections, particularly through Scott Pass. Dry glaciofluvial terraces supporting early seral 

pioneer ecosystems are present within the lower elevation portions of the Bowser River valley. The transmission 

line from the mine site to its intertie at the Long Lake Hydro substation traverses both mature forest and recently 

deglaciated terrain, dominated by scoured rock, eroding moraine, and glaciofluvial deposits. The northernmost 

segment extending from Knipple Camp to the mine site traverses mountain ridges and tops and includes several 

large glacier spans. 

There are several wetlands along or near to the Brucejack Access Road in the Scott Pass area between km 15 and 

30, and along the Bowser River floodplain section of the road. Wetlands are limited in extent in the vicinity of the 

mine site. Wetlands are valued ecosystem components and were assessed as part of the Brucejack Gold Mine 

environmental assessment process. Baseline studies were conducted to map and classify wetlands and to identify 

the primary wetland functions. These baseline data were used to identify areas where toad tunnels were installed 

along the Brucejack Access Road to provide safe access to wetlands for migrating Western toads, a protected 

species under the federal Species at Risk Act. 

The region surrounding the Brucejack Gold Mine and its supporting infrastructure is home to many terrestrial and 

aquatic wildlife species, including black and grizzly bears, mountain goats, moose, bats, furbearers, small 

mammals, birds of prey, migratory songbirds, waterfowl, and herptiles. These include several species at risk, as 

well as species of cultural and economic importance. Prior to the environmental assessment process, Pretivm 
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evaluated the potential for adverse effects on representative species that were identified as being at risk or of 

concern within the area through baseline surveys. Species at risk that were encountered during baseline studies 

included wolverine, fisher, grizzly bear, western toad, barn swallow, rusty blackbird, olive sided fly catcher, and little 

brown Myotis. While no little brown Myotis bat habitat was identified as disturbed, bat houses were installed along 

the Brucejack Access Road and along the transmission line. Species of concern include those that may not be of 

conservation concern but are of regional importance for other reasons, or are identified in the Cassiar Iskut-Stikine 

LRMP, and include moose, mountain goat, black bear, and American marten. 

Wildlife monitoring is conducted, and additional mountain goat and moose surveys will be conducted for these 

species at five-year intervals throughout mine life. Wildlife observations at mine infrastructure areas are recorded 

and helicopter pilots are required to implement measures to minimize or prevent disturbance of mountain goats and 

other species. The mine implements a rigorous waste management program and other measures, including 

seasonal electrified fencing around Knipple and Wildfire camp located within areas of high bear activity, to prevent 

wildlife access to food or other potential mine-related attractants. A Wildlife Advisory Committee (WAC), which 

includes representatives of the Nisga’a Nation, Tahltan Central Government, Tsetsaut/Skii km Lax Ha, and BC 

MFLNRORD, was established at the beginning of mine construction and continues to meet during mine operations 

on an annual basis. 

The Brucejack Gold Mine is situated in the headwaters of the Brucejack Lake watershed; Brucejack Creek drains 

Brucejack Lake and enters the subglacial flow of Sulphurets Creek approximately 3.1 km downstream of the 

Brucejack Lake outlet. Sulphurets Creek flows approximately 20 km downstream of the Brucejack / Sulphurets 

Creek confluence to its confluence with the Unuk River. Fish are absent within and downstream of Brucejack Lake 

in all waterbodies, including Sulphurets Creek, upstream of a barrier located 300 m upstream of the confluence of 

Sulphurets Creek and the Unuk River. The Unuk River is a large river system that provides important habitat for the 

five species of Pacific salmon, as well as habitat for resident trout (cutthroat, rainbow), and resident Dolly Varden.  

The Brucejack Access Road traverses the watershed of the Bell-Irving River, including its tributaries Wildfire Creek, 

Todedada Creek (tributary to Treaty Creek, which is tributary to the Bell-Irving River), and the Bowser River. The 

Bell-Irving River, in turn, drains to the Nass River. The Bell-Irving River system provides habitat for sockeye, Coho, 

and Chinook salmon; resident and anadromous trout (rainbow and steelhead); resident char (Dolly Varden and bull 

trout); mountain whitefish; and coarse fish species. The fisheries resources and fish habitat of potentially affected 

rivers and their tributaries were assessed as part of the baseline program for the Brucejack Gold Mine. 

20.3.2 Geochemistry 

20.3.2.1 Introduction 

The geochemistry of rock that has been or will be disturbed, excavated, or exposed at the Brucejack Gold Mine has 

been characterized through static and kinetic test programs. The characterization programs have also evaluated 

the water quality impacts of explosives used for blasting and cement products used in shotcrete and paste backfill. 

Static tests include acid base accounting (ABA) analyses to evaluate whether material is PAG, elemental analyses 

to identify parameters that are elevated and of potential concern, and shake flask extraction tests to provide an 

indication of soluble loads and drainage chemistry. Kinetic tests including field bins (n=14), humidity cells (n=81) 

and saturated columns (n=34) have been carried out to assess the long-term behaviour of materials under 

site-specific conditions. Baseline studies and confirmatory sampling programs have been carried out for the 

following: 

▪ Waste rock 

▪ Ore, tailings, and paste backfill 
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▪ Quarry rock 

▪ Underground mine water 

▪ Water treatment plant effluent and associated treatment residues (i.e., sludge) 

▪ Excavated surface rock exposures and runoff contacting these exposures 

▪ Explosives-related residues. 

The results of these characterization studies have informed management and monitoring plans designed to prevent 

or minimize potential geochemistry and chemistry related adverse environmental effects associated with 

development, operation, and closure/reclamation of the Brucejack Gold Mine. The following sections summarize 

the geochemical characteristics of the above referenced rock, mine wastes, and contact waters, and describe the 

associated management strategies. 

20.3.2.2 Waste Rock 

Waste rock generated at the Brucejack Gold Mine is predominantly PAG and is managed following best practices 

to minimize the oxidation of sulphide minerals (i.e., pyrite). All waste rock is managed as PAG and has and will 

continue to be either deposited subaqueously in Brucejack Lake or placed as backfill in the underground mine below 

the post-closure final water table elevation. Surface waste rock excavated to support development of the mine site 

during construction was placed subaqueously in Brucejack Lake. Excavation of underground mine waste rock is 

ongoing, with this waste rock placed both in Brucejack Lake and in the underground mine as backfill. There are no 

permanent surface subaerial waste rock dumps at the mine site; however, the Mines Act Permit (M-243) authorizes 

temporary subaerial storage of waste rock for up to two years prior to subaqueous deposition in Brucejack Lake. 

Geochemical studies have been carried out to assess the behaviour of waste rock in both saturated and unsaturated 

conditions. 

Static characterization studies (ABA and total elemental analyses) carried out on a total of 160 surface waste rock 

samples from five different lithologic units (Fragmental Andesite (ANDX), VSF, Porphyry 2 (P2), Conglomerate, and 

Porphyry 1 (P1)) indicated that 78 samples (49%) were characterized as PAG (Pretivm 2017; Pretivm 2018a). 

Surface waste rock characterization studies identified enrichments (greater than 10x average continental crust) in 

silver, arsenic, manganese, antimony, and selenium (Pretivm 2016; Pretivm 2017). Kinetic tests (field bins and 

saturated columns) were initiated on the four rock units comprising 95% of surface waste rock excavated, and 

results confirm that permanent subaqueous waste rock storage will minimize potential metal leaching. The test data 

also indicate that subaerial exposure of waste rock for two years prior to permanent subaqueous storage will not 

result in any significant changes to Brucejack Lake water quality (Lorax 2016a; Lorax 2017). 

Underground waste rock samples (n=568) from six lithologic units (VSF, Fragmental, Conglomerate, P1, P2, and 

Silicified Cap) have been characterized through static and kinetic test work. The results indicate that rocks from all 

units are dominantly PAG (n=472; 83.1%) with elevated concentrations of metals (e.g., silver, cadmium, zinc) and 

metalloids (arsenic, antimony) compared to continental crust. The data also show that many of the PAG samples 

contain significant amounts of carbonate minerals (mostly calcite) that will neutralize acidity generated and prolong 

the onset to acid generation (Pretivm 2016).  Under oxidizing unsaturated conditions, waste rock and associated 

wall rock exposures have the potential to leach metals into mine water.  During mine operations, the underground 

mine and surface contact water has and will continue to be treated by the WTP, which has been designed to treat 

and manage metals of potential concern. The mine will be flooded at closure, at which point saturated conditions 

are expected to limit acid generating reactions (as supported by saturated column test results), thereby minimizing 

potential adverse effects on water quality of the aquatic receiving environment. Similarly, saturated column tests 

simulating underground mine waste rock leaching behaviour in Brucejack Lake, as well as onsite water quality 
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monitoring data, indicate that permanent subaqueous storage of waste rock deposited in Brucejack Lake will not 

result in exceedances of regulated discharge concentrations at the outlet of Brucejack Lake. 

20.3.2.3 Ore, Tailings, and Paste Backfill 

The Brucejack Gold Mine mill began operating in July 2017; tailings generated by milling have and will continue to 

be placed as thickened tailings in Brucejack Lake and as cemented paste backfill in mined out stopes. The 

Brucejack Gold Mine ore is characterized as PAG with elevated concentrations of silver, arsenic, cadmium, 

manganese, and selenium, compared to continental crust (BGC 2014). Characterization studies carried out on 

thickened tailings generated from the mill (n=38) show the same metal enrichments, but samples are predominantly 

NPAG, with a median NPR of 3.1 (Pretivm 2018a; Pretivm 2019). Paste samples (n=23) are similar in composition 

to thickened tailings, but with a slightly higher median NPR (4.8). Kinetic tests have been carried out to assess the 

behaviour of tailings deposited in Brucejack Lake, as well as the behaviour of cemented paste in unsaturated and 

saturated conditions within the underground mine.  

Saturated column tests comprised of tailings flushed with lake water were carried out under both oxidizing and 

reducing conditions to estimate potential leaching rates and changes to Brucejack Lake water quality following 

deposition. The results of the study (Lorax 2016b) indicated that chemical loads released into the lake from tailings 

would not result in significant changes to Brucejack Lake water quality. 

Kinetic test work to assess chemical loads released from paste backfill during mine operations indicates that 

chemical loads from paste backfill are minor compared to other mine-related sources. Some potential concerns with 

chromium were raised based on early-stage test work, with an off-shore sourced binder; however, follow-up kinetic 

test work, using binder sourced for use at the mine, and updated water quality modeling (Lorax 2018) do not predict 

any exceedances of chromium water quality guidelines in the aquatic receiving environment. No exceedances of 

chromium have been reported since paste backfilling commenced (Pretivm 2019). 

Saturated column tests carried out on paste backfill are used to predict underground mine water quality for the 

post-closure flooded mine condition. The results of these tests (Pretivm 2019) do not identify backfilled tailings as 

the dominant source of any parameters of potential concern. 

20.3.2.4 Quarry Rock 

Rock excavated from the Brucejack Gold Mine NPAG Quarry located at km 72 of the Brucejack Access Road was 

used to construct the mill and Phase 2 camp pads, and for various building foundations, roads and other 

construction activities at the mine site. It continues to be used for road surfacing and other maintenance 

requirements. The NPAG Quarry is located near the southeast end of Brucejack Lake; quarry runoff flows into 

Brucejack Lake. The NPAG Quarry is comprised predominantly of volcanic (plagioclase-hornblende) porphyry, with 

lesser amounts of conglomerate, and has negligible sulfide mineralization.  Characterization studies of 72 NPAG 

Quarry rock samples have confirmed that rock excavated from the NPAG Quarry is consistently NPAG, with low 

neutral metal leaching potential. 
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20.3.2.5 Mine Water 

Underground mine water at the Brucejack Gold Mine is dominantly comprised of groundwater with added 

geochemical loads from blasted rock, wall rock, waste rock backfill, and paste backfill. Underground mine water 

chemistry is monitored twice a month, and results indicate that the water quality has been within the range predicted 

by the water quality model. Despite the prevalence of PAG waste rock, mine water has alkaline pH levels, supporting 

the assertion that neutralization afforded by carbonate minerals will buffer any acid generated from sulphide 

oxidation reactions for several decades or more (Pretivm 2015). Similarly, there is no indication of increasing 

concentrations of dissolved metals associated with the onset of ML/ARD as predicted by kinetic tests 

(e.g., cadmium, cobalt, copper, iron, zinc) since gold production commenced in June 2017.  Mine water will be 

treated throughout mine operations and into the closure phase. 

20.3.2.6 Water Treatment Plant Effluent and Sludge 

The WTP receives and treats underground mine water from mine dewatering, surface contact water from with the 

surface contact water collection system, WTP effluent collected in the CWP, and recycled process water from the 

mill.  The WTP is designed to chemically precipitate targeted dissolved metals and remove resultant chemical 

precipitates and influent TSS. The WTP effluent has consistently met design specifications. The water treatment 

design, metals and solids removal process, and effluent design criteria are described in the 2015 Mines Act-

Environmental Management Act Permits Application (Pretivm 2015). 

The WTP generates a solid waste product (sludge) that requires management and disposal. Sludge generated from 

the WTP is currently being co-deposited with thickened tailings into Brucejack Lake.  Static test results indicate that 

the sludge is NPAG with elevated concentrations (greater than 10x average continental crust) of several metals 

(e.g., silver, arsenic, cadmium, manganese, molybdenum, antimony, and selenium). However, the results also show 

that the sludge is stable under a range of pH and redox conditions. Kinetic tests have been carried out to evaluate 

potential chemical loads that may leach into Brucejack Lake under both oxidizing and reducing conditions. The 

studies predict low metal leaching rates for the co-deposited tailings and sludge and thus no long-term effects to 

Brucejack Lake water quality are anticipated. 

20.3.2.7 Surface Rock Exposures and Runoff 

The contact water collection system collects contact water from within the main Mine Site areas of excavated 

bedrock exposures, particularly the mill, Phase 2 Camp, and Valley of the Kings portal pads. The contact water 

collection system directs water to the WTP via the CWP. Non-contact surface runoff from areas immediately 

surrounding the mine site are directed to Brucejack Lake via the East (Johnson Creek) Diversion Channel, and to 

Camp Creek via the West (Camp Creek) Diversion Channel. Camp Creek runoff is naturally acidic, with elevated 

metal concentrations (e.g., silver, cadmium, copper, and zinc). Mine Site contact water system runoff has been 

assessed based on direct CWP samples (n=7), drainage into the CWP (n=4) and shake flask experiments carried 

out on all surface exposed rock units (n=92). Results of ongoing monitoring are presented in the Annual 

Reclamation reports. During the operations phase, all surface runoff within the contact water collection system has 

and will continue to be treated by the WTP. At closure, the mine site will be reclaimed and surface runoff will follow 

natural pathways to the receiving environment. The potential effects of this drainage on the receiving environment 

will continue to be assessed as monitoring data are collected. Based on the SFE data and water quality predictions, 

no significant impacts to water quality in the receiving environment are anticipated. 
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20.3.2.8 Explosives-related Residues 

Water quality model predictions presented in the Mines Act/Environmental Management Act Permits Application 

(Pretivm 2015) identified nitrite as a parameter of potential concern. The main source of nitrite in Brucejack Gold 

Mine related discharge is from explosives used to blast waste rock and ore. Explosives-related residues contain 

water soluble nitrogen compounds that can affect water quality in the receiving environment. Site monitoring data 

have been used to derive and refine water quality predictions with respect to these compounds (Lorax 2018). 

Pretivm implements a Nitrogen Management Plan that was developed for the Brucejack Gold Mine and includes 

monitoring requirements, source control measures and management triggers for mitigation. The water quality model 

was updated based on the latest data sets and no exceedances of the current discharge limits for nitrogen 

compounds are predicted, nor have any been observed since gold production commenced (Pretivm 2018a and 

2019). 

20.3.3 Hydrogeology 

20.3.3.1 Overview 

The groundwater flow system at the Brucejack Gold Mine has been conceptualized to provide estimates of 

groundwater inflow to the existing and future underground mine workings during operations and closure, and of 

groundwater flow paths at post-closure.  

Numerical groundwater modeling of the mine was undertaken in 2013, 2014, and 2015 to support applications for 

an Environmental Assessment Certificate and Mines Act / Environmental Management Act permits (BGC 2014; 

2015). These modeling studies drew upon site investigations characterizing hydrogeological conditions initiated in 

2010. These investigations included drilling, hydraulic testing, and monitoring well and vibrating wire piezometer 

installations. Data available through late 2014 were used in conceptual and numerical groundwater model 

development, calibration, and benchmarking. 

Routine groundwater quantity monitoring has been ongoing at the Brucejack Gold Mine site since 2011. 

Hydrogeological field programs comprised of drilling, hydraulic testing, and monitoring well installation were 

undertaken in 2016 and 2018 (BGC 2017; 2019). The 2018 field investigation established 14 new monitoring wells, 

fulfilling Environmental Management Act Permit PE-107835 and Mines Act Permit M-243 requirements. BGC 

designed and supervised all hydrogeological drilling programs while Pretivm staff have performed ongoing routine 

monitoring of groundwater levels, groundwater quality, and underground dewatering rates. 

Site monitoring data indicates that continuous dewatering of the mine since the fall of 2012 has resulted in significant 

depression of water levels and development of strong, downward, vertical hydraulic gradients at most nested well 

locations. The 2015 groundwater model has reasonably simulated these impacts but slightly overpredicts 

underground dewatering rates.  

The numerical groundwater model is currently being updated in support of the 5-Year Mine Plan and Reclamation 

Program Update pursuant to permit requirements. The model update aims to refine underground dewatering rates 

in light of the expanded hydrogeological data set and the increased production rate. Groundwater system 

conceptualization for the 2020 Update is reasonably consistent with the 2015 model. Preliminary results indicate 

dewatering rates that are within ranges previously provided by the 2015 model (BGC 2015).  
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20.3.3.2 Conceptual Hydrogeologic Model 

Surface topography has a pervasive influence on the groundwater flow system at the Brucejack Gold Mine. The 

elevation within the immediate mine area ranges in elevation from approximately 1,350 masl at the outlet of 

Brucejack Lake to over 2,000 masl at the highest peaks. Measured groundwater elevations suggest that the water 

table is a subdued replica of topography, with depths to groundwater typically greater in the uplands relative to the 

valley bottoms. Groundwater enters the flow system from infiltrating precipitation and snowmelt, with lesser 

components supplied by surface water infiltration in lakes. Groundwater discharge zones are generally restricted to 

lakes, creeks, gullies, and breaks in slope. 

The hydrostratigraphy of the mine site is comprised of a thin, discontinuous layer of glacial till or colluvium underlain 

by bedrock.  Thicker unconsolidated deposits are confined to local sections of the valley bottom and are not present 

near the mine. 

The bedrock at the mine site can be broadly divided as follows: 

▪ Triassic marine sedimentary and volcanic rocks of the Stuhini Group 

▪ Jurassic sediments and volcanics of the Hazelton Group 

▪ Early Jurassic dikes, sills, and plugs of diorite, monzonite, syenite, and granite, the most common of which are 

grouped as the “Sulphurets Intrusions”. 

There is a general site-wide trend of decreasing bedrock hydraulic conductivity, K, with depth, although K may vary 

by a few orders of magnitude at any given depth. Based on available data, fault structures are not universally 

conductive across the mine site. 

20.3.3.3 Numerical Hydrogeologic Model 

The conceptual model described in Section 20.3.3.2 was used as the basis for the development of a numerical 

hydrogeologic model. The numerical model was initially developed in 2013 (BGC 2013), and was subsequently 

refined in 2014 (BGC 2014) and again in 2015 (BGC 2015) for the Mines Act / Environmental Management Act 

permits application (Pretivm 2015). The model was built using the graphical user interface Groundwater Vistas 

(Environmental Simulations Inc. 2011) and MODFLOW-Surfact code (Harbaugh et al. 2000; HydroGeoLogic 2012). 

The numerical model was calibrated in stages to available hydrogeologic data collected within the study area, 

including steady-state and transient hydraulic head targets, vertical hydraulic head gradients, streamflow data, and 

winter low-flow estimates for the period 2008 to 2014, and volumetric discharge data available from mine dewatering 

activities for the period 2011 to late-2014. The results of model calibration to pre-disturbance and post-disturbance 

conditions, and benchmarking to transient adit dewatering data indicated that the numerical representation of the 

hydrogeological system was suitable for predictive analyses. 

The 2015 groundwater model is currently being updated to support water balance and water quality model updates 

for the 5-Year Mine Plan and Reclamation Program Update pursuant to permit requirements (due July 2020). The 

2020 groundwater model update will build on the assumptions underpinning the 2015 groundwater model, 

incorporating a longer water level and underground dewatering record. The 2020 groundwater model is being 

constructed in FEFLOW 7.2, a part of the MIKE software suite (DHI 2020). FEFLOW is a widely accepted program 

for groundwater flow models in the mining industry. FEFLOW is three-dimensional finite-element package capable 

of simulating groundwater flows in complex hydrogeological settings. FEFLOW was selected over the 

MODFLOW-Surfact code for the 2020 model update on account of its flexible mesh design, which facilitates 

presentation of faults and complex underground geometries. The 2020 model will provide increased horizontal and 

vertical discretization in the mine area.  
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20.3.3.4 Predictive Simulations and Inflow Estimates 

Predictive simulations from the 2015 groundwater model were based on the 18-year underground mine plan with a 

throughput of 2700 t/d as presented in the 2014 FS (Ireland et al. 2014). Model boundary conditions representing 

the development (i.e., underground workings, access and egress ramps, and declines) were activated according to 

the annual schedule in the mine plan, and remained active throughout mining operations, while mining stopes were 

deactivated after a period of one year, at which point the stopes were assumed to be backfilled with paste.  

The 2020 groundwater model update will consider a 14-year underground mine plan with an annual average 

production rate of 3800 t/d. The 2015 groundwater model provided a range of groundwater inflows based on three 

model scenarios: a base case, a low K case, and a high K case. The base case reflected the best calibrated 

parameters set and represented the ‘best estimate’. The low K and high K cases represent lower and upper ranges 

of key parameters sets controlling flow rates; however, these scenarios did not present optimal calibration statistics. 

Results from these three cases are presented in Figure 20-1 for the 18-year mine plan. 

The 2015 base case average annual rate of groundwater inflow to the underground workings was predicted to 

remain relatively stable throughout the development of the Valley of the Kings resource, ranging between 2,500 

and 2,900 m3/d. With initiation of mining in the West Zone, predicted annual average inflows increased from 2,900 

to 3,500 m3/d, stabilizing at 3,500 m3/d for the remainder of mine life. The overall average inflow for the simulated 

mining period was 2,900 m3/d. Groundwater inflow to the underground workings for the base case was predicted to 

vary seasonally by about 2,000 m3/d; estimated inflows varied from approximately 1,400 to 3,400 m3/d (58 to 

141 m3/h) over the first half of mine life and from approximately 2,400 to 4,400 m3/d (100 to 183 m3/h) later in mine 

life.  

Observed monthly underground dewatering rates from 2016 to 2019 are shown in Figure 20-1. The average annual 

dewatering rate for this period is 1,280 m3/d (53 m3/hr) with annual minima and maxima ranging from 550 m3/d 

(23 m3/hr) to 2100 m3/d (88 m3/hr), respectively. The observed data track between the low K case and base case 

model runs with annual minima overpredicted by the low K case. 
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Figure 20-1: Observed and Simulated Inflow to Underground Workings for Selected Model Scenarios 

 

20.3.4 Water Management 

20.3.4.1 General 

Water management is a critical component at the Brucejack Gold Mine, for its operation and associated 

environmental protection in this high precipitation and runoff environment. As such, through its consultants and in 

accordance with its regulatory requirements, Pretivm developed a Water Management Plan that applies throughout 

the LOM. The Water Management Plan was prepared prior to mine construction as part of the EMP; was updated 

as appropriate during construction; and following completion of the contact water management system 

(infrastructure), was expanded to an OMS Manual (Surface Water Management Facilities OMS Manual) that 

includes both the Water Management Plan component and other details such as specifics of procedures, roles, and 

responsibilities. The goals of the Water Management Plan are to: 

▪ Provide necessary guidance for the management of surface water within the core infrastructure area of the 

mine site, where significant PAG bedrock excavation was necessary as part of site preparation and where 

construction also resulted in significant changes to local flow pathways and drainage areas 
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▪ Provide guidance in terms of processes, maintenance activities, inspections and all necessary methods to 

ensure that all surface water discharges from the mine are in compliance with regulatory water quality 

requirements (i.e., to protect the water quality of the aquatic receiving environment downstream of the mine) 

▪ Provide and retain water for mine operations 

▪ Divert non-contact water around the mine site 

▪ Define water management control structures. 

Strategies for water management that were applied as part of mine design and construction which remain in effect 

through operations include: 

▪ Separation of non-contact water (from the area surrounding the mine site) from contact water via non-contact 

diversion channels (Camp Creek and Johnson Creek diversion channels), and directing the undisturbed runoff 

away from mining related activities 

▪ Minimizing the size of the mine site development area and minimizing surface PAG rock excavation by adjusting 

the elevations of the mill and Phase 2 Camp pads 

▪ Collecting water within the surface contact water management system area and groundwater from the 

underground mine, and treating it to meet water quality discharge criteria prior to release 

▪ Minimizing the use of fresh water through recycling of water to the extent feasible. 

20.3.4.2 Water Management Overview 

Contact Water 

Contact water in the context of the Brucejack Gold Mine site is defined as water contacting PAG rock exposed 

through mining or mine related rock excavation (i.e., the latter occurring during site preparation for mine surface 

infrastructure construction). 

There are three sources of contact water during operations: 

▪ Waste rock deposited in Brucejack Lake 

▪ Surface contact water from PAG bedrock excavations that occurred during site preparation for infrastructure 

construction, the largest of these being rock excavation to create the pad areas for the mill and the Phase 2 

Camp 

▪ Groundwater seepage to the underground mine. 

Runoff from the latter two sources is managed by collection and treatment. All runoff within the mine site contact 

water management system is collected in the CWP. This pond has been sized to contain the runoff volume 

(50,000 m3) associated with the 24-hour, 200-year return period rain on snow event (The 24-hour 200-year rainfall 

has been estimated at 226 mm, while snowmelt potential has been estimated at 43 mm). The CWP is located near 

the southwest shore of Brucejack Lake. Runoff is directed to the facility through a series of contact water ditches, 

pipes, and sump collection areas. From the CWP, contact water is pumped to the WTP, located within the mill 

building. Treatment of collected surface contact water began part way through mine construction and will continue 

throughout the LOM. The treated water is either used in process or discharged to Brucejack Lake at depth. The 

WTP has been designed with a nominal capacity of 9,600 m3/d. The system is scalable such that additional units 

can be added if required. 
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Groundwater seepage into the underground workings is initially sent to the WTP for treatment before being sent to 

the process plant, where its use is maximized in process. Excess treated groundwater is discharged to Brucejack 

Lake at depth. 

Diversion Channels 

Two fresh water (non-contact) diversion channels divert non-contact water around the core mine site surface 

infrastructure area. The Johnson Creek (East) Diversion Channel drains into Brucejack Lake, while the Camp Creek 

(West) Diversion Channel discharges to Brucejack Creek. 

Process Water Requirements 

Process water is required for the tailings slurry to the lake, the underground paste backfill, the concentrate slurry, 

and underground mine supply. Process water is sourced from: 

▪ Treated underground seepage water 

▪ Treated contact water from the CWP 

▪ Ore moisture 

▪ Water withdrawal from Brucejack Lake at its outlet. 

Water withdrawal from Brucejack Lake is required because there are periods in the winter when groundwater inflows 

are less than the process requirement. 

Details of subaqueous tailings deposition are provided in Chapter 18.0. Tailings are either directed to the paste 

backfill plant or diluted and sent to Brucejack Lake, but never concurrently. A constant flow (either tailings or water) 

is required through the tailings pipeline at all times to prevent a buildup of tailings and blockage of the pipelines; 

however, the tailings line to the lake will be operational approximately 60 to 70% of the time. Therefore, when the 

thickened tailings are being directed to the paste plant for underground mine paste backfill, fluidizing water is 

discharged via the tailings pipeline.  

20.3.5 Water Balance 

A site-wide water balance model was constructed for the Brucejack Gold Mine in Excel using a monthly time-step 

(BGC 2017a,b). A flow schematic of the water balance for Operations is shown in Figure 20-2.  

The site-wide water balance model provides an accounting of project activities at the spatial scale of the mine site 

(i.e., the tracking of flows between the Freshwater (FW) Tank, the Underground Mine, the CWP, the WTP, the Mill, 

and Brucejack Lake), and also tracks background and surface water flows from the headwaters of the Brucejack 

Lake watershed, downstream to the BJ 1.74 monitoring location, which is below Brucejack Lake. In addition, the 

water balance model tracks volumes of water and mine waste that report to Brucejack Lake over the period of active 

mining. For example, the model accounts for the displacement of lake water resulting from tailings and waste rock 

deposition and losses of lake water to tailings voids upon placement in Brucejack Lake. 

Main sources of water for ore processing at the Brucejack Gold Mine include water that is recycled from the mill 

process, water conveyed by contact water ditches and surface sumps and reports to the CWP, water that reports 

to sumps of the Underground Mine and is pumped to surface, and permitted water withdrawals that are sourced 

from Brucejack Creek adjacent the BJ 3.10 weir. Water recycled from the mill process and that is withdrawn from 

CWP storage is first treated prior to being used in the mill. Surplus treated water may be discharged to Brucejack 

Lake when mill water requirements are fully met or it is necessary to manage pond volumes at a certain level. 
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Table 20-5: Summary of Water Withdrawal Data – Brucejack Creek, 2019 

Month 
Total Reclaim Water 

(m3) 
Average Reclaim 

(m3/day) 

Jan 51,072 1,647 

Feb 45,230 1,615 

Mar 51,633 1,666 

Apr 49,979 1,666 

May 51,302 1,655 

Jun 36,492 1,216 

Jul 29,115 939 

Aug 33,051 1,066 

Sep 39,308 1,310 

Oct 51,122 1,649 

Nov 50,340 1,678 

Dec 51,782 1,670 

Total 540,427 1,482 

Source: Pretivm (2020) 

Note: Condition e) of Water License # C500684 (dated November 26, 2018) indicates the maximum quantity of water that may be diverted 
for mining/processing ore is 70 m3/h. 
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Figure 20-2: Brucejack Gold Mine Water Balance Flow Schematic – Operations 

 
Source: BGC (2017a) 
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20.3.6 Water Quality 

Effluent Permit 107835 (PE-107835), most recently amended December 14, 2018, authorizes the Brucejack Gold 

Mine to discharge specified effluents under the conditions of the permit. PE-107835 specifies maximum 

concentrations for certain parameters in WTP effluent discharged to Brucejack Lake (TSS, pH, aluminum, arsenic, 

cadmium, cobalt, chromium, copper, iron, lead, manganese, silver, and zinc) and for the discharge from Brucejack 

Lake to Brucejack Creek at the lake outlet (TSS, pH, nitrite, nitrate, ammonia, antimony, arsenic, iron, and silver). 

The permit specifies that other parameters should meet BC Water Quality Guidelines (WQGs) for protection of 

aquatic life at the Brucejack Lake outlet. Effluent quality at the Brucejack Lake outlet is also required to meet federal 

MDMER. Water quality results from Brucejack Lake outlet samples in 2019 did not exceed any effluent permit 

discharge limits or Metal and Diamond Mining Effluent Regulation (MDMER) limits, and all other parameters that 

were monitored were below BC WQGs. 

Water quality has been modelled at the Brucejack Lake outlet and at a location in Brucejack Creek downstream of 

the lake outlet to provide estimates of water quality during the mine operations, closure, and post-closure phases. 

The GoldSim water quality model derives estimates of contaminant loadings from mine sources (water from the 

underground mine, WTP effluent, WTP sludge, sewage treatment plant effluent, mine tailings, surface runoff from 

the NPAG Quarry, waste rock) and combines these with background loadings to derive water quality predictions. 

Background water quality was derived from pre-construction monitoring (ERM Rescan 2014), while mine-related 

water quality signatures were based on geochemical source terms developed from geochemical characterization 

studies and monitoring data sets reported in annual reports. Modelled flows were assigned based on the water 

balance model (Pretivm 2018b, Appendix C). The modelled monthly flows in the water balance model vary 

throughout the year, reflecting site hydrology and hydrogeology. 

Water quality predictions were most recently generated for a Base Case and an Upper Case scenario for the 

3800 t/d Mines Act and Environmental Management Act amendment application (Appendix A of Pretivm 2018b). 

These model results are also considered representative of the 2020 updated mine plan, since there was a negligible 

change in waste rock volumes as compared to the 3800 t/d model. The Base Case represents an expected 

condition, whereas the Upper Case applies upper case geochemical source terms to all mine-related inputs to the 

model. The Upper Case scenario, while not the expected case, was conservatively used for water quality 

management planning, such as the design of the WTP. Water quality monitoring results from the lake outlet are 

compared to water quality model results in the Brucejack Gold Mine annual reports. This comparison has shown 

that measured concentrations have been well represented by the Base Case model. The Base Case model predicts 

that concentrations at the lake outlet will continue to meet discharge limits or WQGs throughout the operations, 

closure, and post-closure phases. 

At closure, the Brucejack Gold Mine will be flooded and most of the flow from the underground mine is modelled to 

report directly to Brucejack Creek via subsurface pathways. The Base Case model predicts that Brucejack Creek 

will experience periods during closure when arsenic and zinc are slightly above discharge limits or WQGs, but even 

if the maximum Upper Case modelled concentrations are realized, they are not expected to have a significant effect 

on aquatic life (Lorax 2018). Iron concentrations are also predicted to be higher than WQGs in groundwater flowing 

to Brucejack Creek from the underground mine. However, it is expected that ferrous iron in groundwater will oxidize 

to relatively insoluble ferric iron after entering Brucejack Creek and form iron-oxyhydroxide precipitates. This 

precipitation process will lower the iron concentration in water to concentrations that are below BC WQGs. Potential 

effects to aquatic life in Brucejack Creek from iron precipitates were assessed as having low significance (Pretivm 

2015). All other parameters modelled for closure and post-closure are predicted to have concentrations that are 

below discharge limits or BC WQGs. 
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20.3.7 Waste Management 

20.3.7.1 Mine Wastes 

Mine wastes, including waste rock and tailings, are backfilled in the underground mine workings and deposited 

subaqueously into Brucejack Lake, which acts as the waste rock and tailings storage facility as approved under the 

mine’s authorizations. Under current authorizations, 3,734,000 t of waste rock and 1,865,000 t of tailings have been 

deposited in the waste rock and tailings storage facility through December 2019. Total mine waste forecast to be 

produced over the remainder of the LOM is 3,483,000 t of waste rock and 14,754,000 t of tailings, both of which are 

aligned with existing authorizations. Additional details of the mine waste handling and associated rationale are 

provided in Sections 16.3, 16.5, 18.2.2, and 20.3.2. Table 16-5 tabulates LOM Backfilling – Waste Rock and Mill 

Tailing. As described in Section 20.3.2, all waste rock is assumed to be PAG and is deposited either below the 

ultimate flooding elevation of the underground mine or under water in Brucejack Lake to prevent ARD. Subaqueous 

deposition of waste rock into Brucejack Lake was previously conducted by Newhawk in 1999, following underground 

development by Newhawk. As noted in Section 20.3.1.3, Brucejack Lake and its downstream drainage are not 

fish-bearing for a distance of more than 20 km. 

20.3.7.2 Non-hazardous Waste 

Waste handling facilities located at the mine site and Knipple Transfer Area are the primary facilities used for 

temporarily storing and separating waste. All non-hazardous industrial and domestic solid wastes are managed in 

accordance with the mine’s approved Waste Management Plan and Refuse Incinerator Management Plan to 

minimize potential adverse effects to the environment, wildlife, and mine personnel. Non-hazardous waste is 

separated for recycling or disposal. 

On-site disposal of non-hazardous waste consists of incineration, recycling, and open pit burning. Incineration of 

non-hazardous products includes the operation of two authorized high temperature incinerators located at the 

Brucejack Gold Mine site and Knipple Transfer Area. Open pit burning of non-hazardous waste is conducted at 

permitted locations at the mine site and at the Knipple and Wildlife camps. 

Recycling of non-hazardous material is an important component of waste management and environmental 

protection. Personnel at all Brucejack Gold Mine infrastructure areas participate in the mine’s recycling program, 

which reduces the amount of refuse shipped off-site and thereby reduces the quantity of waste disposed at regional 

landfills. Recycling of various materials is implemented at mine facilities, including recyclable containers, tin cans, 

batteries, e-waste, cardboard, light bulbs, heavy plastics, metal, aerosol cans, and electrical wire. Recyclable waste 

generated on site is transported off site to local recycling facilities. 

20.3.7.3 Hazardous Waste 

Hazardous waste generated at the Brucejack Gold Mine is managed in accordance with the approved Waste 

Management Plan and the Refuse Incinerator Management Plan, the Environmental Management Act Hazardous 

Waste Regulations, and the Transportation of Dangerous Goods Regulations to protect mine personnel and the 

environment. Hazardous wastes generated at the mine site and supporting infrastructure are temporarily stored in 

the mine’s waste handling facilities prior to transport and disposal at licensed off-site disposal facilities. 

On-site disposal of hazardous waste is limited but does occur in the form of incineration of some items and waste 

oil heat production; both of these are conducted in accordance with the approved Waste Management Plan and 

other applicable requirements under the Environmental Management Act. 
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20.3.8 Air Emission Control 

Since mining occurs underground and mine wastes (tailings and waste rock) are ultimately stored either 

subaqueously within Brucejack Lake or backfilled into the underground mine, combined with the use of electricity 

as the primary source of power during operations, rather than on-site generators using diesel, air emissions are not 

substantial. There is some fugitive dust from waste rock handling on the waste rock dump, and seasonally from 

road use. There are point source air emissions from the mill and assay lab.  

Pretivm implements its approved Air Quality Management Plan to mitigate air emissions. Key mitigations for fugitive 

dust from roads include road watering and application of dust control solution. Emission controls were designed 

and implemented for mill and assay lab emission sources and include various enclosures, ventilation systems, dust 

collectors, wet scrubbers, fans, and related appurtenances. These emission controls are also regulated under the 

mine’s Air Permit (PA-107025); Pretivm conducts monitoring and maintenance in accordance with the permit. The 

Air Permit also regulates operations of the mine’s incinerators and has conditions specific to fugitive dust, the 

underground mine, and the burn pits. 

20.3.9 Closure Plan and Costs 

Following completion of mining, the Brucejack Gold Mine will be closed, reclaimed, and monitored in accordance 

with its authorizations, Reclamation and Closure Plan, Ancillary Infrastructure Decommissioning and Reclamation 

Plan, and other applicable EMS component plans. Closure of the mine site at the end of operations will include 

flooding of the underground mine, with continued water treatment during flooding; removal of all structures and 

equipment; closure of the mine portals; and rehabilitation of site disturbances. The mine has been planned and 

designed to operate and be closed and reclaimed in a manner that achieves the approved end land use objectives, 

returns the site to as close to its pre-disturbance condition as practical, and minimizes the potential for long-term 

adverse effects on the environment. 

Closure of the underground facilities will include the removal of material supplies and mobile equipment, such as 

ventilation fans and safety equipment. These will be removed from the site for reuse or will be recycled. 

Hydrocarbons will be drained from all equipment and from underground storage and the distribution system, and 

disposed in an approved manner.  

The underground mine workings will be progressively backfilled with tailings and waste rock throughout mine 

operations, to the level of expected water table rebound, and once mining is completed, the underground will be 

allowed to flood. The ventilation shafts and underground portals will be sealed with concrete plugs. The water table 

is not expected to reach higher than the elevation of Brucejack Lake.  

Closure of the above-ground facilities will include the removal of all buildings and structures at the mine site and 

along the Brucejack Access Road. Buildings will be dismantled, and removable materials will be taken off-site for 

reuse or recycling.  Concrete pads (mill, Valley of the Kings Zone and West Zone portal buildings, and West Zone 

shop) will remain in place, and the Phase 2 Camp supporting pedestals will be cut off at ground level. Oil, fuels, 

and processing fluids will be drained from equipment before the equipment is removed, and disposed of in an 

approved manner. Processing equipment will be removed from site and sold or recycled. Above-ground pipes and 

sediment curtains in Brucejack Lake and Creek will be removed and disposed in accordance with the Reclamation 

and Closure Plan. 

Post-closure water management features will be constructed and pad and road surfaces will be recontoured, 

decompacted, and revegetated as applicable in accordance with the Reclamation Plans. Once active water 

treatment is no longer required, the transmission line will be dismantled. The steel poles and the conductors will be 

removed off-site and sold, recycled, or disposed in an approved manner. 
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The reclamation security for all infrastructure authorized under Mines Act Permit M-243, including the mine site, is 

$31.7 million. An additional reclamation security of $2 million is held for the Brucejack Access Road under Special 

Use Permit S25923.  There are other reclamation securities, totaling $70,000, for infrastructure located on Licenses 

of Occupation. Due to the limited surface footprint of the mine and ancillary infrastructure, there are no substantive 

opportunities for progressive reclamation that would be used to reduce the Mines Act reclamation security prior to 

closure.  
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21.0 CAPITAL AND OPERATING COSTS 

21.1 Capital Cost Estimate 

21.1.1 Summary 

The total LOM sustaining capital cost from 2020 to 2032 is estimated at US$176.7 million. Table 21-1 shows a 

summary breakdown of the LOM sustaining capital costs by area, including required sustaining costs for the mine 

and mill throughput expansion to 3,800 t/d. The estimated cost includes design, construction, installation, and 

commissioning. 

The key inputs to this cost estimate were based on the LOM planned costs estimated by Pretivm and reviewed by 

Tetra Tech, including recent equipment purchased costs, equipment quotations from vendors, and recent 

construction cost data. All costs are inclusive of direct cost, indirect cost, and contingency. The expected accuracy 

range of the operating cost estimate is +20%/-15%. 

Table 21-1: Summary of LOM Expansion and Sustaining Capital Costs 

Description 
Expansion and Sustaining 
Capital Costs (US$ million) 

UG Mining 66.6 

Processing 3.5 

Site Infrastructure 91.8 

Mine Throughput Expansion 14.8 

Total LOM Expansion and Sustaining Capital Cost 176.7 

Note: Numbers may not total due to rounding. 

21.1.2 LOM Sustaining Capital Cost Estimate 

21.1.2.1 Estimate Base Date 

This estimate was prepared with a base date of Q4 2019 and does not include any escalation beyond this quarter. 

21.1.2.2 Estimate Approach 

Base Currency 

The LOM sustaining capital cost estimate was estimated using US dollars as the base currency. All costs presented 

in this section are in US dollars unless otherwise stated. All costs in Canadian dollars were converted to US dollars 

using the foreign exchange rate listed in Table 21-2. 

Table 21-2: Foreign Exchange Rates 

Canadian Currency US Currency 

Cdn$1.00 US$0.76 
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Duties and Taxes 

Duties and taxes are not included in this estimate. 

Work Breakdown Structure 

The estimate is organized according to the following hierarchical work breakdown structure (WBS): 

Description 

UG Development 

UG Equipment 

UG Infrastructure 

Processing 

Site Infrastructure 

Mine Throughput Expansion 

21.1.2.3 Scope of the LOM Sustaining Capital Cost Estimate 

The all-in construction for the LOM sustaining capital cost estimate from 2020 to 2032 is US$176.7 million. The cost 

includes detailed engineering design activities, freight to site, supply and installation of equipment and structural 

facilities, and commissioning. The construction cost is based on information from the construction of the Brucejack  

Gold Mine and recent work on the mill dry complex upgrade escalated to Q4 2019. Major mechanical equipment 

costs are based on recent purchase information and quotations from equipment manufacturers. All equipment and 

material costs are all inclusive of spare parts, freight, and packaging.  

21.1.2.4 LOM Mining Sustaining Capital Cost for Underground Development, Equipment 
and Infrastructure 

Mining sustaining capital cost estimates are based on ongoing underground development, additional mining 

equipment purchases, and underground infrastructure. Underground development includes ramp and raise 

development, whereas lateral and stope development are considered operating costs. Underground development 

is conducted by Pretivm and their contractors. Underground infrastructure includes the supply and installation of 

high voltage cables for underground development, underground electrical substation, underground network 

infrastructure, underground crusher dust collection, and conveyor transfer dust collection. 

Table 21-3 summarizes the mining sustaining capital cost estimates and Table 21-4 shows the year-by-year 

sustaining cost breakdown for underground operations. 

Table 21-3: LOM Mining Sustaining Capital Cost Summary 

Description 

Mining Sustaining 
Capital Costs 

(US$ million) 

Underground Development 35.6 

Underground Equipment 13.1 

Underground Infrastructure 17.9 

Total LOM Mining Sustaining Capital Costs 66.6 
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Table 21-4: Mining Sustaining Capital Costs by Year 

Area 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 

Underground Mining (US$ million) 15.39 18.39 8.56 10.13 4.08 3.49 3.81 2.60 0.11 0.10 

21.1.2.5 Processing 

The scope of work for processing includes the upgrading and addition of process mobile vehicles and process 

equipment, including concentrate container spray system, dust suppression system, and mobile crane. 

The total cost for processing is US$3.5 million. 

21.1.2.6 Site Infrastructure 

Brucejack Surface 

The Brucejack surface includes the cost of upgrading, supply and installation of a multi-use facility, artic corridor, 

new dorm, bulk gravity lab, kitchen loading dock modification, elevated walkway to VOK, mill roof modification, core 

facility, warehouse expansion, fire hall, network system and hardware upgrade, and mobile equipment addition and 

replacement. 

Knipple Site 

The Knipple site includes the cost of the upgrading, supply, and installation of a multiple-use facility, DAL lab fire 

assay expansion, additional soil treatment facility, engine replacement, truckshop, wash bay complete with oil water 

separator, and Knipple camp upgrades.  

Bowser Site 

The Bowser site includes the cost of the upgrading, supply, and installation of an airstrip, Bowser Lake dock, boat 

for spillage response, and lake cleanup. 

Wildfire Site 

The Wildfire site includes the cost of the upgrading, supply, and installation of a multiple-use facility, project signage 

at the main gate, workshop, core facility, fuel storage and containment, camp upgrade, water management and 

road deviation work, septic upgrade, and bear fence upgrade. 

Access Road 

The access road area includes the costs of construction for road upgrades, bridge decking replacement, and 

maintenance.  

Other Pending Works/Upgrades 

Other pending works/upgrades include costs for the Quonset storage slab, data management system, safety 

management system, and support infrastructure upgrades. 
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The total cost for the mine site facilities area is US$91.8 million. Table 21-5 shows the year-by-year sustaining cost 

breakdown for the site infrastructure upgrading and construction. 

Table 21-5: Site Infrastructure Sustaining Capital Costs by Year 

Area 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 

Site Infrastructure (US$ million) 18.70 32.35 16.40 7.32 3.55 2.32 3.46 1.73 4.61 1.39 

21.1.2.7 Mine Throughput Expansion 

The mine expansion includes the upgrading, installation, construction, and commissioning of the underground 

service bay and wash bay, flocculant system, flotation circuit, paste plant binder silo #2, tailings thickener, cyclone 

addition, upgrading dust collection systems, apron feeder, 13.8 kV transformer, and rock breaker. The mine 

expansion also includes the overhead crane, heavy duty truckshop, core logging facility, Phase 2 of the mill dry 

complex, and Wildfire Camp upgrades. 

The total cost for the mine expansion is US$14.8 million. 

21.1.2.8 LOM Expansion and Sustaining Capital Cost Exclusions 

The following items are excluded from this capital cost estimate: 

▪ Working or deferred capital 

▪ Upgrading cost spent prior to 2020 

▪ Financing costs 

▪ Refundable taxes and duties 

▪ Land acquisition 

▪ Currency fluctuations 

▪ Lost time due to severe weather conditions 

▪ Lost time due to force majeure 

▪ Additional costs for accelerated or decelerated deliveries of equipment, materials, labor, or services resultant 

from a change in project schedule 

▪ Any project sunk costs (studies, exploration programs, etc.) 

▪ Mine reclamation costs (included in financial model) 

▪ Mine closure costs (included in financial model) 

▪ Escalation costs 

▪ Additional permitting costs not identified in the estimate 

▪ Community relations (included in financial model). 
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21.2 Operating Cost Estimate 

21.2.1 Summary 

The estimated LOM average operating cost is US$162.82/t milled. Operating costs are defined as the direct 

operational costs, which include mining, processing, water treatment, tailings storage, site services, and general 

and administrative (G&A) expenses at the Brucejack mine site. The operating cost estimates exclude product freight 

costs, sale-related costs, and royalties, which are included in the economic analysis (Section 22.0). The estimate 

was based on an average annual plant feed rate of approximately 1.387 Mt of ore processed (3,800 t/d milled). 

Table 21-6 shows the cost breakdown for each area and Figure 21-1 shows the cost distribution. 

Table 21-6: LOM Average Operating Cost Summary 

Area 
LOM Unit Operating Cost 

(US$/t milled) 

Mining 70.83 

Processing 21.34 

Overall Site Services, including Off-site/Satellite Offices(1) 35.89 

G&A 34.76 

Total Operating Cost 162.82 

Note: (1)Includes costs for off-site and satellite offices. 

 

Figure 21-1: Overall Operating Cost Distribution by Area 
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The operating cost estimates were based on the Brucejack Gold Mine operating experience, and include 

consumable supplies, power supply, contractor services, camp services, worker transportation, and labour 

salaries/wages. These costs were estimated with a base date of Q4 2019 and do not include any escalation beyond 

this quarter. The expected accuracy range of the operating cost estimate is +15%/-15%. All costs were estimated 

in US dollars, unless otherwise specified. 

Table 21-2 shows the foreign exchange rates used for the estimate. 

The operating costs exclude shipping charges and sale costs for the gold-silver doré and gold-silver concentrate, 

as well as royalties, which are included in the economic analysis (Section 22.0). 

All operating cost estimates exclude taxes unless otherwise specified. 

21.2.2 Mining Operating Cost Estimate 

Mining operating costs include production costs such as drilling, blasting, explosives, mucking, backfill, and support 

costs. Non-capitalized underground development (lateral development and stope development) are considered 

operating costs. The estimated LOM average mining cost is US$70.83/t milled, with a high of US$100.74/t milled 

forecast for Q2 of 2020. 

The estimated mining operating costs are based on current and forecast contractor rates. Figure 21-2 illustrates the 

cost distribution. 

Figure 21-2: Mining Operating Cost Distribution by Area 
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21.2.3 Process Operating Cost Estimate 

The estimated LOM average unit process operating cost is US$21.34/t milled at an average annual plant feed rate 

of approximately 1.387 Mt of ore processed, or a nominal plant feed rate of 3,800 t/d, including tailings delivery. 

The estimate is based on 12-hour shifts per day, 24 h/d and 365 d/a. 

The process operating cost estimate includes: 

▪ Personnel requirements, including supervision, operation and maintenance, and salary/wage levels, including 

burdens, based on Q4 2019 labour rates 

▪ SAG mill and ball mill liner and grinding media consumption 

▪ Maintenance supplies 

▪ Reagent consumptions 

▪ Other operation supplies 

▪ Power consumption for the processing plant 

▪ Other process related costs, such as mobile equipment, consulting, and general expenses. 

Figure 21-3 shows the process operating cost distribution. 

Figure 21-3: Process Operating Cost Distribution by Area 
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21.2.4 Mine Site G&A and Site Services Operating Cost Estimate 

Mine site G&A and site services costs include expenditures that do not relate directly to mining or process operating 

costs. The estimated LOM average unit operating cost is US$34.76/t milled for mine site G&A and US$35.89/t 

milled for Site Services, based on a nominal daily ore plant feed rate of 3,800 t. 

The mine site G&A and site service costs include costs related to the satellite site operations at the Knipple Transfer 

Station and the mine access security station. In addition, mine site G&A costs include operation-related costs for 

the off-site office in Smithers, BC. 

Site services costs include: 

▪ Manpower related costs, including supervision, operation and maintenance, and salary/wage levels, including 

burdens, based on Q4 2019 labor rates 

▪ Energy 

▪ Operating supplies and consumables 

▪ Maintenance supplies 

▪ Rental and lease 

▪ Other related costs. 

Mine site G&A costs include: 

▪ Manpower related costs, including supervision, operation and maintenance, and salary/wage levels, including 

burdens, based on Q4 2019 labor rates 

▪ Various general operating management and services related costs, mainly for the following main areas: 

− General mine site administration 

− Environmental and permitting 

− Procurement and supply chain 

− Camp services 

− Health and safety 

− Accounting and financial services 

− Human resources 

− IT-related various services 

− Worker transportation services. 
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22.0 ECONOMIC ANALYSIS 

22.1 Introduction 

Tetra Tech prepared an economic evaluation of the Brucejack Gold Mine based on a discounted cash flow model 

for the remaining 13-year LOM and 15.64 Mt of mine plan tonnage. The current forecast for the remaining Brucejack 

Gold Mine LOM shows a post-tax NPV of US$1.50 billion at a 5% discount rate, and US$1.29 billion at an 8% 

discount rate. Internal rate of return and payback period results as referenced by NI 43-101F1 are not relevant to 

this Technical Report as mine revenues provide sufficient cash flow to cover expansion capital and no negative 

cashflow periods are expected. 

Table 22-1 shows a summary of the economic analysis results. 

Table 22-1: Cash Flow Results Summary (including Discounted Post-tax NPV) 

 Unit Amount 

Tonnes Mined and Processed kt 15,637 

Gold Head Grade g/t 8.4 

Silver Head Grade g/t 59.6 

Doré Production 

Gold Ounces Produced ‘000 oz 2,617 

Silver Ounces Produced ‘000 oz 1,960 

Concentrate Production 

Concentrate Sold ‘000 dmt 882 

Gold Contained in Concentrate ‘000 oz 1,430 

Silver Contained in Concentrate ‘000 oz 25,166 

Total Project Revenue US$ million $5,266 

Operating Costs US$ million (2,546) 

Royalties US$ million (63) 

EBITDA US$ million 2,642 

Capital Costs US$ million (177) 

Other Expenses US$ million (21) 

Pre-tax Cash Flow US$ million 2,444 

Allowable Tax Deductions US$ million (1,146) 

Taxable Income US$ million 1,307 

Taxes Payable US$ million (492) 

Post-tax Cash Flow US$ million 1,952 

Post-tax NPV (5% Discount Rate) US$ million 1,496 

Post-tax NPV (8% Discount Rate) US$ million 1,293 
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The Brucejack Gold Mine economic model is based on the following assumptions: 

▪ Gold price of US$1,300/oz 

▪ Silver price of US$16.90/oz 

▪ Foreign exchange rate of Cdn$1.00:US$0.76. 

Note that the metal prices listed above differ from metal pricing used for Mineral Reserve delineation. Gold price for 

financial modelling is based on the London Bullion Market Association (LBMA) AM and PM three-year average for 

gold (US$1,306/oz). Silver price is based solely on the three-year average (US16.32/oz). 

Pretivm provided current doré and concentrate payment terms, smelting and refining charges, transportation costs, 

and insurance costs. Gold and silver recoveries are based on the Brucejack Gold Mine operational data and 

metallurgical test results as discussed in Section 13.0 of this Technical Report. 

22.2 Pre-tax Model 

The production schedule has been incorporated into the pre-tax financial model to develop annual recovered metal 

production. The annual at-mine revenue contribution of each metal was determined by deducting the applicable 

treatment, refining, and transportation charges (from mine site to market) from gross revenue. 

Sustaining capital costs have been incorporated on a year-by-year basis over the LOM and operating costs were 

deducted from gross revenue to estimate annual mine operating earnings. Capital expenditures include ongoing 

sustaining capital costs for mining, milling, and site services additions and equipment replacement, and remaining 

capital costs completing mine and mill feed throughput expansion to 3,800 t/d. The total LOM capital cost is 

US$176.7 million, including US$14.8 million in expansion capital remaining to complete the throughput expansion. 

The mine closure and reclamation cost of US$21.2 million has been included in the financial model. 

Working capital has not been included in the model, as the Brucejack Gold Mine is currently in operation and 

generating positive cash flow. 

NPV has been estimated at the beginning of the mining schedule and therefore has an effective date of January 1, 

2020. 

Table 22-2 shows the metal production quantities and Figure 22-1 shows the annual pre-tax net cash flows (NCFs) 

and cumulative net cash flows (CNCFs). 
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Table 22-2: Metal Production Quantities 

 Units First Five Years LOM 

Total Tonnes Milled Mt 6.93 15.64 

Average Annual Tonnes Milled Mt 1.39 1.20 

Average Grade 

Gold g/t 8.52 8.35 

Silver g/t 11.82 59.60 

Total Production 

Gold ‘000 oz 1,832 4,046 

Silver ‘000 oz 2,296 27,096 

Average Annual Production 

Gold ‘000 oz 366.47 311.25 

Silver ‘000 oz 459.30 2,084.31 
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Figure 22-1: Pre-tax Cash Flow 
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22.2.1 Metal Price Scenarios 

Table 22-3 tabulates the economic results at different metal price scenarios. 

Table 22-3: Economic Results Summary for Different Metal Price Scenarios 

Economic 
Parameter Unit 

Gold Price (US$/oz) 

1,300 1,600 1,900 

Silver Price US$/oz 16.90 20.80 24.70 

Net Cash Flow US$ billion 2.44 (pre-tax) 
1.95 (post-tax) 

3.70 (pre-tax) 
2.75 (post-tax) 

4.96 (pre-tax) 
3.55 (post-tax) 

NPV(1) 
(at a 5.0% discount rate) 

US$ billion 1.80 (pre-tax) 
1.50 (post-tax) 

2.75 (pre-tax) 
2.13 (post-tax) 

3.70 (pre-tax) 
2.76 (post-tax) 

Exchange Rate Cdn$:US$ 0.76 0.76 0.76 

Note: (1)The NPV is discounted to January 2020. 

22.3 Smelter Terms 

The payment, smelting, and refining terms applied in the economic analysis are the current contractual terms in 

effect. 

22.4 Markets and Contracts 

The Brucejack Gold Mine produces gold and silver doré and concentrates. Doré is transported to the refineries by 

air. Concentrate is loaded in customized bulk containers and transported from the mill site to Knipple Transfer 

Station and then to SBT by a third-party trucking company. The bulk concentrate is then loaded into ocean vessels 

to international customers. 

22.5 Taxation and Royalty Considerations 

Pretivm completed the post-tax economic evaluation of the Brucejack Gold Mine, including applicable income and 

mining taxes. 

Based on the metal prices used for this Technical Report, the total estimated taxes payable on Brucejack Gold Mine 

profits are US$491.5million over the 13-year LOM. Table 22-4 shows the various payable tax components. 

The Brucejack Gold Mine was evaluated on an after-tax basis levied as three separate tax contributions at the 

federal, provincial, and provincial-mining level (BC Mineral Tax). Table 22-4 shows the pre- and post-tax 

breakdowns for these cash flows and the allowable tax deductions. 
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Table 22-4: LOM Taxes Summary 

Cash Costs 
LOM Total 

(US$ million) 

Pre-tax NCF 2,444 

Taxable Income 1,307 

Federal Taxes 187 

Provincial Taxes 157 

BC Mineral Tax 148 

Post-tax NCF 1,952 

Post-tax NPV (at a 5% Discount Rate) 1,496 

Post-tax NPV (at an 8% Discount Rate) 1,293 

 

The following general tax regime is recognized as applicable as of the effective date of this Technical Report. 

22.5.1 Canadian Income Tax System 

The Canadian federal income tax rate is 15%. 

22.5.1.1 Machinery and Equipment 

Prior to 2021, assets purchased prior to commercial production are added to a Class 41(a) pool and are deducted 

at an accelerated rate, at up to 100% of the balance, to the extent of taxable income from the mine. 

Changes from the 2013 federal budget phases out the accelerated deduction over the years 2017 to 2020. One 

hundred percent of the accelerated rate will be permitted from 2013 to 2016, 90% in 2017, 80% in 2018, 60% in 

2019, and 30% in 2020. 

Assets purchased after the start of production are added to a Class 41(b) pool and are deducted at up to 25% of 

the balance. 

22.5.1.2 Mine Acquisition Costs 

Mine acquisition costs include costs of land, exploration and mining rights, licenses, permits, and leases. 

These costs are added to a Canadian Development Expense (CDE) pool and can be deducted at up to 30% of the 

balance in a year. 

22.5.1.3 Pre-production Mine Expenditures 

Pre-production mine expenditures include both exploration and mine development costs. 

Prior to 2015, exploration and mine development are added to a Canadian Exploration Expense (CEE) pool. One 

hundred percent of the balance can be deducted in a year, but the deduction is also limited to the income from the 

mine. 
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Pre-production mine development costs incurred subsequent to 2017 are treated as CDE instead of CEE. The 

transition started to be phased in beginning in 2015, with 20% of costs being allocated proportionately to CDE and 

80% to CEE in 2015, 40% to CDE and 60% to CEE in 2016, and 70% to CDE and 30% to CEE in 2017. 

22.5.2 Provincial (BC) Mining Tax System 

The BC provincial income tax rate is 12%. 

22.5.2.1 Net Current Proceeds Tax 

A 2% tax is levied on an amount by which gross revenues exceed current operating costs. 

Hedging income and losses, royalties, and financing costs are excluded. Capital costs including exploration, 

pre-production development, and leasing are excluded. Capital costs are relevant for Net Revenue Tax. 

The net current proceeds tax is added to a cumulative tax credit account (CTCA) and is available to offset net 

revenue tax payable. 

22.5.2.2 Net Revenue (13%) Tax 

Tax is levied at 13% of net revenue. All capital expenditures, both mine development costs and fixed asset 

purchases, are accumulated in a cumulative expenditure account (CEA). Net revenue is defined as 13% of gross 

revenues less the current operating costs for the year, less any accumulated CEA balance. Therefore, for net 

revenue tax, all current and capital expenditures are fully deductible in the year they are incurred or in the following 

year. Net revenue does not become assessable until the costs of all preproduction capital expenditures have been 

recovered. A “new mine allowance” is also provided to encourage new mine development in BC. The allowance 

allows a mine operator to add 133% of its capital expenditures incurred prior to commencing production to the CEA 

account if the mine began producing minerals in reasonable commercial quantities before January 1, 2016. 

BC mineral taxes are deductible for federal and provincial income tax purposes. 

22.6 Royalties 

The Brucejack Gold Mine was evaluated under the assumption of the following royalties: 

▪ First Nations royalty 

▪ Mineral royalty. 

The estimated value of the LOM royalty cost for the First Nation groups is US$14.7 million. 

22.7 Sensitivity Analysis 

A sensitivity analysis was performed on the financial model considering variations in: 

▪ Metal prices 

▪ Mining, processing, and site services operating costs. 

The analysis shows that the Brucejack Gold Mine NPV is most sensitive to changes in gold price and less sensitive 

to changes in silver price. The Brucejack Gold Mine has similar sensitivity to grade as to metal pricing. 
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Figure 22-2 illustrates the sensitivity of the Brucejack Gold Mine economics to metal price fluctuations and  
Figure 22-3 illustrates the sensitivity to operating costs. The economics are most sensitive to operating costs. 

Figure 22-2: Post-tax NPV Sensitivity to Metal Prices 
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Figure 22-3: Post-tax NPV Sensitivity to Operating Costs 
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23.0 ADJACENT PROPERTIES 

The following subsections describing adjacent properties are based on information publicly disclosed by the Owner 

or Operator of the adjacent property and were sourced as per the notes in the relevant sections. 

The QP has been unable to verify the information for any of the described adjacent properties except against what 

has been publicly reported, and the information is not necessarily indicative of the mineralization at Brucejack. 

23.1 Snowfield Property 

The Snowfield Property, held by Pretivm for future development of the Snowfield Deposit, is considered a separate 

property to the Brucejack Property. It was 100% owned by Newhawk and was not part of the joint venture that 

explored the Brucejack Property prior to the purchase of Newhawk by Silver Standard. The Snowfield Deposit is 

located approximately 7 km north of the Brucejack Deposit. This is reported to be a near surface, bulk tonnage 

gold-copper porphyry deposit with significant credits in silver, molybdenum, and rhenium. Mineral Resources are 

estimated at 1,370.1 Mt Measured and Indicated with a further 833.2 Mt in the Inferred category (Table 23-1). 

(Puritch et al. 2011) 

Table 23-1: February 2011 Snowfield Mineral Resource 

Resource 
Category 

Tonnes 
(Mt) 

Average Grades Contained Metal 

Au 
(g/t) 

Ag 
(g/t) 

Cu 
(%) 

Mo 
(ppm) 

Re 
(ppm) 

Au 
(Moz) 

Ag 
(Moz) 

Cu 
(Blb) 

No 
(Mlb) 

Re 
(Moz) 

Measured 189.8 0.82 1.69 0.09 97.4 0.57 4.983 10.332 0.38 40.8 3.5 

Indicated 1,180.3 0.55 1.73 0.10 83.6 0.50 20.934 65.444 2.60 217.5 19.0 

Measured & Indicated 1,370.1 0.59 1.73 0.10 85.5 0.51 25.917 75.776 2.98 258.3 22.5 

Inferred 833.2 0.34 1.90 0.06 69.5 0.43 9.029 50.964 1.10 127.7 11.5 

Source: Puritch et al. (2011) 

23.2 Bowser Property 

The Bowser Property is a group of Pretivm mineral claims covering approximately 1,200 km2 that extend from the 

eastern boundary of the Brucejack Property to east of Highway 37 and south from Treaty Creek to Long Lake. 

Exploration by Pretivm has included airborne electromagnetic, magnetic, hyperspectral, and radiometric 

geophysical surveys, ground geophysical surveys, extensive sampling, prospecting, and geological mapping over 

much of the property and diamond drilling on select mineralized zones. 

Exploration results have highlighted several distinct areas for focused exploration. The A6 Zone is located 

approximately 14 kilometers northeast of the Brucejack Mine, where prospecting and mapping in 2018 outlined an 

area of pillow basalts and mudstones, consistent with stratigraphy in a paleo-rift environment. Drilling in 2019 

identified a buried rhyolite dome capped by mudstones anomalous in arsenic and mercury. The rhyolite dome is 

intensely sericite altered, hosts pyrite stringer zones, and locally contains anomalous copper and silver. The 

stratigraphy, alteration, and geochemistry are all consistent with an Eskay-Creek style volcanogenic massive 

sulphide system in A6.  
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Several gold and silver epithermal targets have been identified in the American Creek Zone located approximately 

25 km southeast of the Brucejack Gold Mine. The American Creek valley is dominated by kilometer-scale 

north-south structures and localized east-west stockworks, which host elevated gold values in rocks of the Lower 

Hazelton Group, Unuk River Formation, the same formation that hosts the Brucejack Gold Mine. The Koopa Zone, 

located approximately 30 km east-southeast of the Brucejack Gold Mine, hosts a structurally controlled quartz + 

pyrite + arsenopyrite vein system in intensely sericite altered Iskut River Formation mafic tuffs. The Bluffy Zone, 

located 30 km south-southeast of Brucejack Gold Mine, contains broad zones of low-grade gold hosted in shear 

zones, which contain narrow veins of high-grade gold and base metal values. 
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Figure 23-1: Detailed Geological Map of KSM-Brucejack Area and McTagg Anticlinorium 
and Section Locations 

 
Note: The legend can be found in Figure 23-2. 

Source: Nelson and Kyba (2014) 
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Figure 23-2: Legend for Detailed Geological Map of KSM-Brucejack Area 
and McTagg Anticlinorium and Section Locations 

 
Source: Nelson and Kyba (2014) 
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23.3 Kerr-Sulphurets-Mitchell Property 

Adjacent to the west and north of Brucejack/Snowfield Properties lies the Seabridge Gold Inc. (Seabridge Gold) 

KSM Property. The KSM Property hosts four copper-gold mineral deposits: Kerr, Mitchell, Sulphurets, and Iron Cap. 

All of these deposits are situated within the KSM mining lease and claim holdings that are reported to be, at the 

time of writing this report, 100% owned and operated by Seabridge Gold. 

Seabridge Gold acquired the KSM Property from Placer Dome in June 2000. 

In March 2019, Seabridge Gold published an updated NI 43-101 Technical Report detailing estimated Mineral 

Proven and Probable Reserves of 2.2 Bt of gold, copper, silver, and molybdenum ore. Table 23-2 is the published 

Proven and Probable Reserve Estimate and Table 23-3 is the published Measured plus Indicated Mineral Resource 

(http://seabridgegold.net). The resource estimate is based upon a combination of open pit and block caving mining 

methods. Over the entire LOM, ore will be fed to a flotation mill, which will produce a combined gold/copper/silver 

concentrate. The concentrate will be transported by truck to the nearby deep-water sea port at Stewart, BC for 

shipment to a Pacific Rim smelter. Extensive metallurgical testing confirmed that KSM could produce a clean 

concentrate with an average copper grade of 25%, making it readily saleable. Separate molybdenum concentrate 

and gold-silver doré will be produced at the KSM processing facility. (http://seabridgegold.net) 

Table 23-2: March 2019 KSM Property Mineral Reserve  

Zone 
Reserve 
Category 

Average Grades Contained Metal 

Au 

(g/t) 

Cu 

(%) 

Ag 

(g/t) 

Mo 

(ppm) 

Au 

(Moz) 

Cu 

(Mlb) 

Ag 

(Moz) 

Mo 

(Mlb) 

Mitchell Proven 0.68 0.17 3.1 59.2 10.1 1,767 45 60 

Probable 0.58 0.16 3.1 50.2 17.4 3,325 95 104 

Iron Cap Probable 0.49 0.20 3.6 13.0 3.5 983 26 6 

Sulphurets Probable 0.59 0.22 0.8 51.6 5.8 1,495 8 35 

Kerr Probable 0.22 0.43 1.0 3.4 2.0 2,586 9 2 

Total 0.55 0.21 2.6 42.6 38.8 10,155 183 207 

Note: Cut-off values and mining methods used to report the Mineral Reserve Figures were defined based as Cdn$9 NSR for open pits and 

Cdn$16 NSR for underground. The reader should refer to the information provided by Seabridge Gold to get an accurate 

appreciation of the definition of the cut-off values for reporting. 

Source: http://www.seabridgegold.net/resources.php. 

  

http://seabridgegold.net/
http://seabridgegold.net/
http://www.seabridgegold.net/resources.php


 TECHNICAL REPORT ON THE BRUCEJACK GOLD MINE, NORTHWEST BRITISH COLUMBIA 

 220008-00-RPT-001 | MARCH 2020 | ISSUED FOR USE 

 

 23-6 

Table 23-3: March 2019 KSM Property Measured and Indicated Mineral Resources 

Zone 
Tonnes 

(Mt) 

Average Grades Contained Metal 

Au 

(g/t) 

Cu 

(%) 

Ag 

(g/t) 

Mo 

(ppm) 

Au 

(Moz) 

Cu 

(Mlb) 

Ag 

(Moz) 

Mo 

(Mlb) 

Mitchell 1,794.7 0.57 0.16 3.1 58 34.31 6,638 179.053 230 

Iron Cap 422.6 0.41 0.22 4.6 41.0 5.576 2,051 62.559 38 

Sulphurets 381.6 0.58 0.21 0.8 48 7.116 1,766 9.815 40 

Kerr 378.4 0.22 0.41 1.1 5 2.692 3,445 13.909 4 

KSM Total 2,977.3 0.52 0.21 2.8 54 49.694 13,900 265.336 312 

Note: Cut-off values and mining methods used to report the Mineral Reserve Figures were defined based as Cdn $9 NSR for open pits 

and Cdn$16 NSR for underground. The reader should refer to the information provided by Seabridge Gold to get an accurate 

appreciation of the definition of the cut-off values for reporting. 

Source: http://www.seabridgegold.net/resources.php. 

23.4 Treaty Creek Property 

Tudor Gold Corp. owns a 60% interest in the Treaty Creek Property, with American Creek Resources Ltd. owning 

a 20% carried interest, and Teuton Resources Corp. owning a 20% carried interest with a 0.98% royalty interest in 

the core portion of the property and a 0.49% royalty interest in the periphery claims (http://www.teuton.com; 

http://www.americancreek.com). The Treaty Creek Property adjoins directly northeast of Seabridge Gold’s KSM 

gold-copper property and is underlain by a similar geology. The Treaty Creek area has a long history of exploration, 

including extensive sampling and diamond drilling, dating back to its discovery in 1928 (Pardoe 2016). Exploration 

work uncovered several zones, the most promising of which are the Copper Belle (porphyry-style), GR2 (feeder 

zone to a VMS), Eureka (porphyry-style with a gold-silver epithermal overprint), and Treaty Ridge (VMS/Sedex?) 

zones. There are no public reports of Mineral Resources or Mineral Reserves. 

23.5 Catear 

Catear (Goldwedge) is a small 8.7 ha mining lease, mineral tenure 301579, held by Goldwedge Mines Inc. It is 

located 2.2 km northwest of Brucejack Gold Mine on the south edge of mineral tenure 509397. Discovered in 1978, 

gold mineralization is hosted in a quartz vein and veinlet stockwork within andesite tuffs and lapilli tuffs of the Lower 

to Middle Jurassic Lower Hazelton Group. Although estimates of the contained mineralization are reported for two 

zones, these have not been prepared in accordance with NI 43-101 guidelines and are therefore not considered as 

current estimates for Catear. The estimates are presented here for information purposes only, and the reader is 

cautioned not to rely on them: Discovery Zone 34,451 t, grading 37.0 g/t Ag and 21.5 g/t Au; and Golden Rocket 

Zone 289,500 t, grading 38.3 g/t Ag and 27.4 g/t Au. Mining of the Golden Rocket Vein reportedly was undertaken 

in 1988 with ore processing through an on-site mill. 

No records of production are available. (http://minfile.gov.bc.ca/Summary.aspx?minfilno=104B%20%20105) 

http://www.seabridgegold.net/resources.php
http://www.teuton.com/
http://www.americancreek.com/
http://minfile.gov.bc.ca/Summary.aspx?minfilno=104B%20%20105
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24.0 OTHER RELEVANT DATA AND INFORMATION 

24.1 Health, Safety, Environmental and Security 

A fully-integrated health, safety, and environmental (HSE) program has been implemented to help achieve a “zero-

harm” goal by Brucejack Gold Mine. To achieve this goal, all key project stakeholders have been responsible for 

providing leadership and committing to the highest HSE standards and values. 

The development of HSE practices has required a high level of communication, motivation, and involvement, 

including alignment with site contractors on topics such as safety training, hygiene, ergonomics, hazard awareness, 

and risk assessment. Tools have been implemented for performance tracking and accountability, including 

procedures for incident management. 

Established capture and containment guidelines are followed for the responsible management of process flows, 

effluent, and waste products. Environmental protection is incorporated in the operation of the main processes of the 

plant as well as in the transportation, storage, and disposal of materials within and outside of the boundaries of the 

Brucejack Gold Mine. 
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25.0 INTERPRETATION AND CONCLUSIONS 

25.1 Geology 

The Brucejack Deposit is interpreted to be a deformed, porphyry-related transitional to intermediate sulphidation 

epithermal high-grade gold-silver deposit that was formed between 184 and 183 Ma in an active island arc setting 

similar to the modern-day Philippines. The Brucejack Deposit has many characteristics in common with 

carbonate-base metal gold deposits from the southwest Pacific Rim. Intermediate sulphidation epithermal deposits 

are considered to be a sulphide-rich sub-type of carbonate-base metal gold deposits by workers in the southwest 

Pacific Rim region. 

High-grade gold-silver mineralization was formed in association with a telescoped, multi-pulsed 

magmatic-hydrothermal system beneath an active local volcanic center. This resulted in the overprinting of earlier 

porphyry alteration and mineralization, which includes low-grade gold mineralization, by later co-spatial epithermal 

veining and mineralization, including the high-grade gold mineralization. As a result, the precious metal grade 

distributions at the Brucejack Deposit are inherently mixed and unresolvable by domain generation alone. 

Electrum occurs as clots and dendritic aggregates hosted in sub-vertical, nominally east-west trending 

quartz-carbonate and carbonate vein stockwork. Infill drilling and mine development have shown that there are 

corridors of higher-grade east-west trending electrum mineralization within the broader stockwork zones. This 

represents an opportunity for selectively using longitudinal mining. 

Recent research has shown that precious metal mineralization was predominantly transported as colloidal 

suspensions, with transportation as dissolved metal complexes likely accounting for only a small component of the 

metal flux. Controls on electrum precipitation appear to be fluid mixing, decreasing temperature, local boiling, and 

local colloidal aggregate destabilization near pyrite-rich zones. Colloidal flocculation as a function of these controls 

appears to be concentrated along faults, fractures, pre-existing foliation planes, and along lithological contacts. This 

explains the lack of a geochemical proxy for precious metal mineralization at the Brucejack Deposit. 

Brownfields exploration work has indicated the presence of at least two porphyry mineralization targets on the 

Brucejack Property: the Bridge Zone and the Flow Dome Zone. Recent work suggests that the Flow Dome Zone 

may be the surface expression of the porphyry system that drove the development of the epithermal mineralization 

in the Brucejack Deposit. The Bridge Zone porphyry system is older (approximately 191 to 189 Ma) and is similar 

to the Snowfield-Mitchell system. Additional exploration is currently targeting the Flow Dome Zone. 

The Brucejack Deposit is currently focused on the Valley of the Kings Zone and the West Zone. Similar epithermal 

vein-hosted precious metal mineralization is present throughout the 5 km by 1.5 km wide arcuate band of phyllic 

alteration on the Brucejack Property (e.g., Gossan Hill Zone, Shore Zone, SG Zone, Golden Marmot Zone, and 

Hanging Glacier Zone). This alteration and mineralization band has yet to be explored in sufficient detail for resource 

estimation, and represents upside potential on the property. 

25.2 Mineral Resource 

An updated Mineral Resource, effective date January 1, 2020 has been prepared for the Brucejack Deposit, 

incorporating information from additional tightly-spaced infill drilling, mapping of underground geological exposures, 

and mine production.  The Mineral Resource is based on the January 2020 resource model, comprises the April 

2012 resource estimate for the West Zone and the January 2020 resource estimate for the Valley of the Kings Zone. 

The Valley of the Kings Zone herein can be apportioned into three discrete areas: 1) the region where estimates 
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have been updated with the new drilling, mapping, and mine production information for the year 2019, 2) a region 

beyond this update but still within the January 2019 update area, where the January 2019 resource estimates 

remain, and 3) the regions outside of this, where the December 2013 resource estimates have been preserved. 

The January 2020 Mineral Resource is reported inclusive of Mineral Reserves and exclusive of material mined to 

December 31, 2019. 

Data validation by the QP, as used for the preparation of the Mineral Resource, confirmed that the drilling data were 

of suitable quality for use in resource estimation. Furthermore, the QP has confirmed that the geological and domain 

interpretations were representative of the nature and style of mineralization in the deposit, and were appropriate for 

the estimation of mineral resources. 

The same estimation methodology used in the preparation of previous resource estimates for the Brucejack Deposit 

was followed in the generation of the January 2020 Mineral Resource. The non-linear split population-based 

approach, which includes the estimation of high-grade, low-grade, and probability of high-grade variables separately 

using a combination of multiple indicator and ordinary kriging, prior to recombining these into final gold and silver 

estimates, is currently considered the most appropriate method for estimating the mixed and positively-skewed 

precious metal mineralization at Brucejack. Alternative techniques are continually evaluated as more information 

becomes available. 

The most significant variations to the resource model for 2020 are new drill data, updates to the estimation 

parameters, and the use of a 10 m by 10 m by 10 m block size for reporting the Mineral Resource.  The change in 

block size reflects an appropriate scale to the block size being considered for mining. 

The resource model was validated against input drillhole data and mine production for the year 2019 and found to 

provide a reasonable to good representation of the input data and production information. The resource model was 

classified as Measured, Indicated, and Inferred in accordance with CIM (2014) Definition Standards. In addition, 

Pretivm expects that Measured Resources are to be within 15% of mine production on a quarterly basis, and 

Indicated Resources are expected to be within 15% of mine production on an annual basis. Shorter-term 

reconciliation is not considered appropriate given the highly variable and nuggety nature of the precious metal 

mineralization at Brucejack. Inferred Resources cannot be converted to Mineral Reserves as there is insufficient 

confidence in the estimate to support mine planning. They are, however, useful for resource definition drill targeting. 

Looking at the January 2020 resource model retrospectively, the overall tonnes and grade reported from production 

in 2019 were within 10% of those reported from the 2020 resource model from within the mined outlines. 

The January 2020 Mineral Resource effectively overwrites the January 2019 Mineral Resource inside the newest 

update area. Comparisons between these models (inclusive of mine production) show that the new estimate is 

lower by approximately 0.7 Mt, 2.2 Moz Au, and 1.1 Moz Ag in the Measured + Indicated Resource at similar 

estimated gold and silver grades, using the same cut-off grade of 5 g/t AuEq (AuEq = Au + Ag / 53) and after 

depletion. The differences between the two models are largely driven by additional tightly-spaced infill drilling.  

The January 2020 Mineral Resource of the Valley of the Kings Zone is reported above a cut-off grade of 3.5 g/t 

gold; differing from the previous reporting above a gold equivalent of 5 g/t AuEq cut-off (calculated as AuEq = Au + 

Ag / 53) used in the November 2012 (Jones, 2012c), December 2013 (Jones, 2014), July 2016 (Board et al., 2017), 

and January 2019 (Pretivm, 2019) Mineral Resources. The decision to report the Mineral Resource at a lower cut-

off grade is based on a comparison between actual mining practice and results and the resource model. 
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25.3 Mineral Reserves 

The revision to Mineral Reserves is driven by the updated Mineral Resources. Measured and Indicated Mineral 

Resources that fall within planned mining shapes have been converted to Mineral Reserves. Adjustment factors 

applied to the Mineral Resources to convert to Mineral Reserves include estimation of mineable shapes, dilution, 

and mining losses alongside grade reconciliation calculations. Mineral Reserves are delineated using a cut-off grade 

of US$180/t. 

In the 2020 Mineral Reserve update, a MCF was included in Reserve calculations. As the MCF is based upon 

historic mining data of previous resources, it is only applied to the areas of the current resource that have not been 

updated. The MCF is based on the stope grade and drillhole spacing within each designed stope. Areas with closer 

drillhole spacing, and therefore higher grade confidence, are capped at a higher grade than areas with lower drillhole 

spacing to avoid potentially overstating grades in areas with lower statistical confidence. This MCF calculation has 

shown an improvement in reconciliation between resource estimated and mined grades prior to recovery and 

dilution estimates.  

25.4 Mining 

25.4.1 Underground Mine Geotechnical 

SRK undertook a geotechnical review and evaluation of the Brucejack Gold Mine Project that included a review of 

historic geotechnical data, underground excavation conditions, stope performance, and structural geology to 

support the confirmation of underground mine design and geotechnical design guidelines. These guidelines 

included excavation design parameters, estimates of dilution, as well as ground support requirements.  

The stopes and underground infrastructure excavations are performing well. The design excavation dimensions are 

appropriate for the observed and anticipated ground conditions. Major structural features, such as the Rainy Fault, 

and associated secondary structures are impacting excavation performance, but ground conditions are managed 

well using the ground support described in this report and through local geotechnical assessment by mine personnel 

when required. 

25.4.2 Mining Methods 

The current mining operation has proven mining performance at 3,800 t/d. The mine is equipped and staffed to 

continue mining of the reserves as planned. Ongoing reconciliation, cavity monitoring, and data collection provide 

feedback to the geology, mine planning, and operational teams to improve mining performance. The current mine 

plan includes accelerated development in the Valley of the Kings Zone in order to sustain sufficient working areas 

for targeted production.  

The nature of the mineralization results in a degree of variance between planned tonnes and grade over short time 

periods. As mining continues, the nature of the mineralization and degree of variance will be better understood, 

which will enable better forecasting of short- and long-term production. Continued use of MCF calculations going 

forward is expected to further improve grade reconciliation during mine planning. 
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25.4.3 Waste Rock 

Bathymetric surveys, geotechnical site characterization, numerical assessment, back analysis, and continuous 

observation has been used to design the waste rock dump, including deposition on tailings. The observational 

method (Terzaghi and Peck 1967; Peck 1969) coupled with rigorous SOPs and QPOs documented in a 

comprehensive OMS Manual ensures continued safe operation of the dump. 

This dumping procedure is independent of the Brucejack Lake bed sediment (and tailings) thickness or strength, 

because it assumes that the foundation cannot initially carry the load whether it is due to sediment (and tailings) 

thickness or strength (or both). 

Annual geotechnical inspections have been carried out by SRK on the waste rock dump (and tailings deposition) 

between 2016 and 2019. In addition, an Independent Tailings Review Board (ITRB), appointed by Pretivm, 

completed annual inspections at this same time. All inspections have consistently confirmed that the operational 

practices by Pretivm was appropriate for the site conditions, and that Pretivm staff was well informed of the 

procedures necessary to continue safe waste rock dumping. 

25.5 Mineral Processing and Metallurgical Testing 

25.5.1 Metallurgical Testing 

The Brucejack Deposit mineralization typically consists of a significant portion of gold and silver present in the form 

of nugget or metallic gold and silver, especially for the Valley of the Kings ore. Extensive metallurgical testing 

programs have been conducted on the Property since 1988, with major metallurgical test work performed between 

2009 and 2014 to support the design and construction of the 2,700 t/d process plant for the Brucejack Gold Mine. 

The mill began commercial operation at the designed capacity in Q4 2017. In general, the mill feed is amenable to 

the process flowsheet designed, including gravity concentration and flotation concentration to produce a doré 

product and a flotation concentrate. On average, the gravity concentration circuit produced a much better gold 

recovery, compared to the results produced from the laboratory trials. 

In 2018, to increase the mill feed rate to 3,800 t/d, various test work, circuit simulations, and review work were 

conducted to assess the opportunities and bottlenecks for further improvement of the mill performance and 

throughput.  

25.5.2 Mineral Processing 

The 2018 mill capacity review work and the 2019 operation indicate that with some modifications, the process plant 

is capable of achieving the planned throughput of 3,800 t/d. The new third cleaner cell and the new flocculant 

preparation system are being installed and it is expected the upgrading would improve cleaner circuit and tailings 

and concentrate dewatering circuit performances. The upgraded flowsheet is same as the existing operation, 

including the following components: 

▪ One stage of crushing in underground  

▪ A 2,500 t SAG mill feed surge bin on surface 

▪ A SABC primary grinding circuit equipped with a gravity concentration circuit 

▪ Rougher flotation and scavenger flotation of hydrocyclone overflow 
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▪ Three stages of cleaner flotation on combined rougher and scavenger concentrates 

▪ Flotation concentrate dewatering 

▪ Flotation tailings dewatering circuits. 

The mill feed ore is crushed and ground to the particle size of 80% passing approximately 90 to 100 µm. Two gravity 

centrifugal concentrators, together with two upgrading tables and associated one gravity centrifugal concentrator, 

recover the free nugget gold grains from the ball mill discharge. The resulting gravity concentrate is further refined 

in the gold room on site to produce gold-silver doré.  

The hydrocyclone overflow, containing gold and silver bearing sulfide minerals, from the primary grinding circuit is 

floated by rougher and scavenger flotation. The resulting rougher flotation concentrate and scavenger flotation 

concentrate are further upgraded in three stages of cleaner flotation. The first cleaner scavenger flotation tailings 

report to the rougher scavenger flotation for further recovering the residual gold and silver bearing sulphides. The 

third cleaner concentrate, or the final flotation concentrate, is dewatered by a high-rate thickener and a tower-type 

filter press prior to being loaded in customized bulk containers for shipping. 

The final rougher scavenger flotation tailings are dewatered in a deep cone thickener. Approximately 30 to 40% of 

the flotation tailings is used to make paste for backfilling the excavated stopes in the underground mine, and the 

balance is pumped to Brucejack Lake where the tailings is stored under water. The concentrate and tailings 

thickener overflows are recycled as process make-up water. 

25.6 Environmental 

25.6.1 Geochemistry 

The geochemistry of Brucejack Gold Mine rocks has been and continues to be assessed through comprehensive 

characterization studies (refer to Section 20.3.2) and ongoing monitoring programs. The geochemical data sets 

have been used to inform waste management plans and to predict associated water quality. The main conclusions 

of the geochemistry assessment are summarized as follows: 

▪ A significant portion (49%) of surface waste rock samples are characterized as PAG with enrichments (greater 

than 10x average continental crust) in silver, gold, manganese, antimony, and selenium. Saturated column tests 

indicate that subaqueous storage of surface waste rock in Brucejack Lake will minimize any potential leaching 

and changes to Brucejack Lake water quality. 

▪ The majority of underground waste rock samples (83%) at the Brucejack Gold Mine are PAG; however, most 

of the rocks have considerable neutralization potential, which is predicted to delay the onset of ARD for decades 

or more. Leachate results from humidity cell tests and field bin studies confirm this assertion. This is also 

supported by the observation of alkaline mine waters and no indication of increasing concentrations of dissolved 

metals associated with the onset of ARD (e.g., cadmium, cobalt, copper, iron, zinc, as predicted by kinetic tests) 

since gold production commenced in June 2017. 

▪ The Brucejack Gold Mine ore is characterized as PAG, whereas tailings generated from the mill are generally 

characterized as NPAG. The tailings samples have elevated concentrations of silver, arsenic, cadmium, 

manganese, and selenium, compared to continental crust; however, saturated column test results indicate that 

subaqueous storage of tailings in Brucejack Lake or in the underground mine below the post-closure final water 

table elevation will minimize metal leaching. 

▪ NPAG quarry rock samples are consistently NPAG with low metal leaching potential. 



























http://www.geostatisticslessons.com/lessons/mikoverview
https://mrmr.cim.org/media/1088/cim_definition_standards_may10_2014.pdf
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https://www.pretivm.com/news/news-details/2016/Pretium-Resources-Inc-Positive-Valley-of-the-Kings-Mineral-Reserve-Update-Senior-Management-Changes/default.aspx
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