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Technical Memorandum 

To: Jennifer Saran 

From: Jeff Ubl, Alison Ling, Bryan Oakley, and Don Richard 

Subject: NorthMet Project – O&M for water treatment during reclamation and postclosure 

maintenance after Mine Year 1 – 10 mg/L WWTS Sulfate Target 

Date: December 8, 2017 

Project: 23690862.04 

c: Jim Scott, Tina Pint 

 Overview 

This memo outlines the process used to develop an estimate of the operating costs for water treatment 

associated with the NorthMet Project (Project) that can be used to support the calculation of projected 

reclamation costs for closure at the end of Mine Year 1. In the event of closure at the end of Mine Year 1, 

the Waste Water Treatment System (WWTS) – consisting of equalization basins, the tailings basin seepage 

treatment train, the mine water treatment trains (comprised of the mine water filtration train and mine 

water chemical precipitation train), as well as all pumps and pipes to and from these components - will 

continue to operate so that that any water discharged from the Project to the environment meets 

applicable standards. For the purpose of this cost estimate, the controlling parameter for establishing 

equipment needs and operating costs is the proposed target of 10 mg/L for sulfate in water discharged 

from the Project. 

Table 1 provides a high-level summary of operating, equipment modification, and equipment 

replacement costs for the WWTS in the event that mining operations cease after Mine Year 1. The detailed 

estimated operating costs for Mine Years1 2, 4, 7, and 15 for the WWTS are provided in Appendix A. 

Appendix B provides the basis for water treatment equipment replacement costs and the value of 

equipment in service. Documentation to support the unit quantities and unit costs used in the cost 

estimate are included in Appendix C and Appendix D. The following paragraphs document the water 

management and water treatment strategies upon which the operating costs are based. 

 

                                                      

1 The term “Mine Years” are the years after blasting commences to access ore. For example the start of 

Mine Year 1 is when blasting commences to access ore. 
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Table 1 Water Treatment Costs for Closure at the End of Mine Year 1 – Tailings Basin Seepage 

Mine Year 

of Closure 

Period Activity 

Tailings Basin Seepage Treatment Train 

OPEX  

($/1000 gal.) 

P50 Annual 

Average Flow 

(gpm) 

OPEX ($) Equipment Replacement (S) Equipment 

Additions for 

Long-Term 

Configuration 

CAPEX ($) Annual Total for Period Annual* Total for Period 

2 Hold Year $2.77 2,000 $2,910,240 $2,910,240 $0 $0 $0 

3-4 
Treat FTB seepage capture 

system water and discharge 
$2.77 2,000 $2,910,240 $5,820,479 $1,804,316 $3,608,633 $0 

4 

Expand tailings basin seepage 

treatment train filtration and 

stabilization equipment 
      

$11,783,623 

5-6 
Treat FTB seepage capture 

system water and discharges 
$3.71 2,973 $5,804,160 $11,608,320 $1,804,316 $3,608,633 $0 

7-10 
Treat FTB seepage capture 

system water and discharges  
$4.23 2,941 $6,543,329 $26,173,316 $1,804,316 $7,217,266 $0 

11-101 

Treat FTB seepage capture 

system water and Mine Site 

water and discharges  

$3.99 2,534 $5,315,501 $483,710,551 $1,804,316 $164,192,799 $0 

  
  subtotals $530,222,906 NA $178,627,331 $11,783,623 

Notes: 

Staffing not included – to be included with overall staff 

Process Monitoring not included – to be included with overall water quality monitoring 

(1) Annual Equipment Replacement based on long-term configuration, because other equipment will be phased out within its useful life. 
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Table 2 Water Treatment Costs for Closure at the End of Mine Year 1 – Mine Water 

Mine Year 

of Closure 

Period Activity 

Mine water treatment trains 

OPEX 

($/1000 gal.)(1) 

P50 Annual 

Average Flow 

(gpm)(1) 

OPEX ($)(1) 

Equipment Replacement 

(S) 

Equipment 

Additions for 

Long-Term 

Configuration 

CAPEX ($) Annual 

Total for 

Period Annual(2) 

Total for 

Period 

2 Hold Year $13.15 355 $2,452,740 $2,452,740 $0 $0 $0 

3-4 
Treat mine water and discharge to 

East Pit while East Pit backfilled 
$13.15 355 $2,452,740 $4,905,479 $969,079 $1,938,158 $0 

5-7 
Treat mine water to remove flushing 

load from East Pit   
$2.66 886 $1,237,709 $3,713,126 $969,079 $2,907,238 $0 

8-10 

No flow for treatment (Category 1 

Stockpile Groundwater Containment 

System to pit and pit not 

overflowing) - mine water filtration 

train decommissioned 

$0.00 0 $0 $0 $969,079 $2,907,238 $0 

11-101 

Mine Site water conveyed to WWTS 

via Central Pumping Station and 

Mine to Plant Pipelines - OPEX for 

conveyance included in tailings 

basin seepage treatment train OPEX, 

mine water chemical precipitation 

train still operates to treat 

membrane concentrate 

$0.00 0 $0 $0 $969,079 $88,186,207 $0 

  
  subtotals $11,071,345 NA $95,938,841 $0 

Notes: 

Staffing not included – to be included with overall staff 

Process Monitoring not included – to be included with overall water quality monitoring 

(1) Flows and costs for treating VSEP concentrate from tailings basin seepage treatment train are included in this table for Mine Years 2-4, but not for Mine Years 5-7, when these 

costs are included in tailings basin seepage treatment costs.  

(2) Annual Equipment Replacement based on long-term configuration, because other equipment will be phased out within its useful life. 
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 Water Management Strategy for Closure after Mine Year 1 

The overall water management strategy for the Project is modeled using GoldSim. Two linked models are 

used to describe the water quality and quantity at all locations throughout the Project. These models were 

developed for the Final Environmental Impact Statement (FEIS). To develop the cost estimates for water 

treatment after Mine Year 1 closure, the FEIS models described below were used with modifications to 

represent changes to operations during two phases: reclamation (Mine Years 2 - 10) and closure (starting 

in Mine Year 11). 

After Mine Year 1 closure, it is assumed that Mine Year 2 will be a “hold year’. During the “hold year” the 

WWTS will continue to operate and contractual arrangements will be made to begin reclamation for the 

rest of the Project. Therefore, except for operation of the WWTS, reclamation for the remainder of the 

Project will start at the beginning of Mine Year 3. 

2.1 Mine Site 

The Mine Site conditions that effect water management in the event that operations cease after Mine 

Year 1 include: 

 The West Pit has not been developed—only the East Pit will exist at the end of Mine Year 1. 

 The Category 1 Stockpile Groundwater Containment System will be approximately 50% complete 

and will need to be completed during the second year after the end of operations (complete by 

end of Mine Year 3). 

 The Category 1 Waste Rock Stockpile geomembrane cover will be completed in the first 4 years of 

closure (complete by end of Mine Year 5). 

 The Ore Surge Pile (OSP) and the Category 4 rock will be backfilled into the East Pit using the 

same tons per year rate as Mine Year 20 closure. Backfilling will be completed by end of 

Mine Year 3. 

 Category 2/3 rock will be backfilled into the East Pit using the same tons per year rate as Mine 

Year 20 closure. Backfilling will be completed by end of Mine Year 4. 

The following conditions were used to model reclamation and closure after Mine Year 1 in the GoldSim 

model. 

 Mine Site features are consistent with the proposed plan of operations at the end of Mine Year 1. 

 Flows to the mine water treatment trains will include the Category 1 Stockpile Groundwater 

Containment System and the East Pit. 

 Mine water treatment trains capacity at the end of Mine Year 1 is 1,440 gpm through the filtration 

train and 810 gpm through the chemical precipitation train. 
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 The mine water treatment trains will be used in Reclamation (Mine Years 2-7). 

 The East Pit will be backfilled in Mine Years 3 and 4 and flushing will occur in Mine Years 5 - 7. 

 Off-site disposal of sludge. 

 The mine water filtration train will not be used in Closure (starting in Mine Year 8). Mine Site water 

will be pumped to tailings basin seepage treatment train for treatment when the East Pit begins 

to overflow (approximately Mine Year 11). 

 Low Concentration Equalization Basins will be decommissioned and reclaimed before Mine Year 

15 

2.2 Plant Site 

If operations cease after Mine Year 1, the following actions will occur at the Plant Site: 

 The Beneficiation Plant will stop running at the end of Mine Year 1. 

 The Hydrometallurgical Facility does not exist and will not be constructed. 

 No Construction Mine Water will be conveyed from the Mine Site to the Flotation Tailings Basin 

(FTB) Pond after Mine Year 1 and Construction Mine Water pumping equipment will be moved 

from the Mine Site to the Plant site to pump Treated Mine Water to the East Pit during Mine 

Years 2 - 10. 

 Two separate ponds will exist at the FTB. 

o Only Cell 2E will be developed (north dam, north buttress, north beach). 

 The Flotation Tailings north beach will be completed at the end of Mine Year 1 

and will be amended with bentonite by the end of Mine Year 2. 

 The pond bottom in Cell 2E will be amended with bentonite after the end of 

operations (by end of Mine Year 3). The amendment will be completed 2 years 

after the end of operations (in sync with the upsizing of the tailings basin 

seepage treatment train described below). 

o No improvements will be completed at Cell 1E (other dams, beaches, and the south 

buttress). 

 The pond bottom in Cell 1E will not be amended with bentonite and will continue 

to seep at a relatively high rate. 

o The drainage swale to the east of the FTB exists because it is constructed at the beginning 

of operations. 
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Based on the above plan of operations, the GoldSim water model for the Plant Site was modified to 

model closure at the end of Mine Year 1 as follows: 

 Input tables were adjusted to account for the early end of operations, such as the seepage 

directions through the Flotation Tailings Basin (FTB) and depths to water table as noted above. 

 The tailings basin seepage treatment train will be upsized to 3,000 gpm. This will be completed 

during the second year of Reclamation (Mine Year 3) and will be available for treatment at the 

beginning of Mine Year 4. 

 During Reclamation and Closure, the pond in Cell 2E will be maintained at a target level by 

adding WWTS discharge as needed, and the pond level in Cell 1E will be allowed to fluctuate on 

its own within safe limits. If the upper safe limit is reached, excess water will flow to the Cell 2E 

pond. If the lower safe limit is reached, needed water will be provided from the Cell 2E pond. 

 The tailings basin seepage treatment train will continue operating during both Reclamation and 

Closure. 

 The mine water chemical precipitation train will continue to be used to treat concentrate 

generated from the tailings basin seepage treatment train.  

 Mine water will be pumped to tailings basin seepage treatment train for treatment during Closure 

(starting in Mine Year 11). Treatment of mine water at the tailings basin seepage treatment train 

will begin when flooding of the East Pit has been completed and the Pit begins to overflow (Mine 

Year 11). 

 Off-site disposal of sludge. 

 Water Treatment Strategy for Closure after Mine Year 1 

Waste water treatment is an integrated strategy that includes both the Mine Site and the Plant Site during 

the operating phase of the Project. If operations cease after Mine Year 1, this integrated process will be 

maintained throughout Reclamation. Beginning in Mine Year 8, a portion of secondary membrane 

equipment from the mine water filtration train will be repurposed for use in the tailings basin seepage 

treatment train. The mine water chemical precipitation train will be used for treatment of tailings basin 

seepage treatment train VSEP concentrate. Then, during Closure (after Mine Year 10), the mine water 

filtration train will no longer be used and all mine water will be treated by the tailings basin seepage 

treatment train and repurposed mine water chemical precipitation train. During Closure the WWTS will 

include: 

 Media filtration 

 Primary and secondary membrane separation 

 Chemical precipitation 
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 Water conditioning (tailings basin seepage treatment train only, to prevent toxicity prior to 

discharge) 

When operating as an integrated system (through Mine Year 3), chemical precipitation will be performed 

at the mine water treatment trains and water conditioning will be performed at the tailings basin seepage 

treatment train.  

Treated water from the mine water treatment trains will be returned to the East Pit during Mine Years 2 

through 7. The tailings basin seepage treatment train will discharge to the environment. 

3.1 Influent Flow and Loads 

Because the GoldSim models provide a probabilistic output for the water management system, the basis 

for design of the water treatment systems begins with the selection of the appropriate range of outputs. 

Two separate values have been used for: 

 The design of the equipment for use in and the development of capital costs 

 Estimation of operation and maintenance costs 

The operating capacity of all of the water treatment process units for Mine Year 1 of the operations phase 

of the Project were designed using at least the 90th percentile (P90) projected flows and influent 

constituent concentrations or greater to meet the operating constraints of the Project. The equipment 

designed for operations will continue to be used if operations cease after Mine Year 1, and will be 

supplemented with additional and repurposed equipment at the WWTS as noted in Section 2.2 based on 

the P50 annual average flow and influent constituent concentrations. 

For the estimation of power consumption, chemical usage, sludge generation, and related operating 

expenses for the projected reclamation cost estimate scenario described above, the P50 of the annual 

average flow and influent constituent concentrations were used.  

3.2 Treatment Modeling Approach 

The cost to operate the WWTS has been modeled at multiple points throughout the reclamation and 

closure phases using an equilibrium-chemistry based treatment model. 

Modeling at multiple time points was needed to characterize the different operating scenarios described 

above as well as the variable flows to the treatment systems and the variable load of dissolved 

constituents. A modeling approach was also needed because the costs for treatment are not linear in 

proportion to the flow. The load varies independent of flow, which results in costs for chemical usage, 

sludge management, and disposal that are also independent of the flow rate. Power costs are also 

independent of the influent flow rate because a primary power user within the treatment systems is the 
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operation and cleaning of the secondary membrane separation unit, which is dependent on both the flow 

rates and the influent load. 

 Reclamation Water Treatment Process Descriptions and Timelines 

If operations cease after Mine Year 1, all non-waste water treatment related reclamation will start at the 

beginning of Mine Year 3. The water treatment system used during the first three years of Reclamation 

will be the same as the system used during operations. Figure 1 shows the combined process flow 

diagram for the WWTS during the first three years of Reclamation. 

During the first three years of Reclamation (Mine Years 2 and 4), the WWTS will operate as an integrated 

system with media filtration, primary and secondary membrane units, and chemical precipitation.  

Also during the first three years of Reclamation, additional membrane capacity will be added to the 

tailings basin seepage treatment train. The existing chemical precipitation from the mine water chemical 

precipitation train will continue to be used to treat concentrate. Then, starting in Mine Year 5 and 

continuing through Mine Year 7, the water treatment system will continue to operate as an integrated 

system, as shown on Figure 2 but treated Mine Water will be conveyed to the East Pit. Figure 3 shows the 

water treatment system for Mine Years 8-10 when there is not Mine Water treatment needed. Figure 4 

provides the water treatment system for Mine Years 11 and later. 

The only discharge to the environment during Reclamation will be from the tailings basin seepage 

treatment train after the water has been conditioned. Water treated at the mine water treatment trains will 

be returned to the East Pit. Additional details on the operation of the water treatment system during 

Reclamation are provided below. 

4.1 Mine Water Treatment Trains Use during Reclamation 

The mine water treatment trains will be used during Reclamation (Mine Years 2 - 7) to treat the load of 

dissolved constituents flushed into the water from backfilled rocks when the East Pit is flooded at the 

Mine Site and to treat water from the Category 1 Stockpile Groundwater Containment System. The time 

required to remove the load of dissolved constituents (flush) from the East Pit was also developed using 

the GoldSim model assuming Reclamation will start at the beginning of Mine Year 2. 

However, because it assumed that Mine Year 2 will be a holding year, an extra year of East Pit flushing was 

added (3 years of flushing total) to treat the additional load of dissolved constituents that could occur due 

to reclamation of the waste rock stockpiles not starting until Mine Year 3. This time was set at 

approximately 5 years based on removing the P50 load flushed from the backfilled rock. Thus, for the last 

three years of Reclamation (from Mine Year 8 - Mine Year 10) the mine water filtration train will be idle 

and water from the Category 1 Stockpile Groundwater Containment System will flow by gravity to the East 

Pit.  
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The projected flow to the mine water treatment trains during Reclamation will be significantly lower than 

their required design capacity for the first year of operations. Thus, no additional capital costs are needed 

to upgrade or modify the mine water treatment trains for the reclamation phase, and some equipment 

can be taken out of service to reduce maintenance costs. Additionally, a portion of the secondary 

membrane equipment from the mine water filtration train will be repurposed for use as part of the tailings 

basin seepage treatment train. 

From Mine Year 5 - Mine Year 7, a single, combined influent flow consisting of water from the East Pit and 

Category 1 Stockpile Groundwater Containment System will report to the mine water treatment trains. 

This flow will have higher concentrations than those expected in the Low Concentration Equalization Basin 

during operations, but lower than the concentrations expected for the High Concentration Equalization 

Basin. In Reclamation, all of the mine water treatment trains influent flow will initially report to the mine 

water filtration train. Unlike the operations phase, no mine water will report directly to the mine water 

chemical precipitation train during Reclamation. Because the concentrations entering the membrane 

separation units will be higher during Reclamation than during operations, the recovery through the 

primary separation units is expected to decrease, which results in a greater percentage of the flow into the 

secondary membrane separation units. 

During Reclamation, the primary membrane permeate will be directed to the East Pit. Secondary 

membrane permeate will also be directed to the East Pit. Chemical precipitation effluent is expected to 

have concentrations greater than the influent from the East Pit, so rather than return this water to the East 

Pit it will be directed to the secondary membrane units, in a closed loop. 

4.2 Tailings Basin Seepage Treatment Train Use during Reclamation 

Reclamation will include treating the water seeping from the toe of the FTB until the flows stabilize and 

concentrations meet discharge limits. In addition, water from the FTB Pond will be treated until it can be 

discharged as stormwater during Closure. To treat these flows, the capacity of the tailings basin seepage 

treatment train will need to be increased from 2,000 gpm to 3,000 gpm in the first three years of 

Reclamation. The tailings basin seepage treatment train will be operated at its design capacity of 2,000 

gpm for the first three years of Reclamation and then operated at the increased design capacity of 

approximately 3,000 gpm for the remainder of the reclamation phase. 

During the end of the reclamation phase, the influent flow and concentrations are expected to trend 

downward toward the values used for Closure (Section 5.0). 

For the first three years of Reclamation, the tailings basin seepage treatment train operations will include 

primary membrane separation, secondary membrane separation, and effluent conditioning. The primary 

effluent will be conditioned and discharged to the environment, while the concentrate will be treated by 

the mine water chemical precipitation train.  
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 Closure Water Treatment Process Descriptions and Timelines 

During Closure, all water from the Mine Site will continue to be conveyed to the WWTS for treatment 

prior to discharge to the environment. When the water elevation in the East Pit no longer allows the water 

from the Category 1 Stockpile Groundwater Containment System to flow by gravity to the East Pit, that 

water will be pumped to the East Pit. When the East Pit water reaches its designed long-term elevation it 

will be pumped to the Central Pumping Station and then to the WWTS via the Mine to Plant Pipelines to 

prevent pit overflow. The mine water chemical precipitation train will continue to be used at the WWTS 

but the other portions of the mine water treatment trains will be decommissioned and taken out of 

service, with some equipment and parts stored for future use/replacement within the WWTS. 

Water treatment during Closure at the Plant Site will consist of mechanical treatment, using primarily the 

same tailings basin seepage treatment train systems employed during the final years of Reclamation. The 

capacity of the tailings basin seepage treatment train from Reclamation will be sufficient to treat the 

modeled flows for Closure. 

 Operating Costs 

Detailed estimates for the operating costs are provided in Appendix A. The costs for operation include the 

following items: 

 Maintenance costs for routine replacement of membranes. 

 Miscellaneous operations costs. 

 Energy costs for the major water treatment operations, as well as an overall cost for heating, 

lighting, and other operations. Electrical costs for the unit operations are based on operating flow 

rates estimated from modeling and vendor data provided in response to a preliminary request for 

information from potential equipment vendors, which is similar to the currently planned 

equipment, although some modifications have been made to the operations and others are 

expected during the continuing design process. Energy costs are calculated on a separate 

worksheet for each modeled WWT train. 

Costs for chemicals consumed are estimated individually for each of the major unit operations and are 

also based on the results of water treatment modeling and vendor data included with preliminary 

equipment proposals. This information is included in Appendix D. The cost for disposal of solids 

generated during the treatment process is based on information from local licensed disposal facilities. 

This information is included in Appendix D. 
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The following items are excluded from the cost estimates: 

 Periodic replacement of all capital equipment over an extended period of time. The estimated 

cost of the equipment in service is provided, so that a reasonable percentage of this cost could be 

applied on an annual basis to account for replacement of capital items. 

 Labor costs for management and operation of the WWT system are not included with the 

treatment costs because they are included in other portions of the projected reclamation costs, 

per instructions from PolyMet Mining, Inc. (PolyMet). 

6.1 Cost Uncertainties 

Uncertainties are built into the cost estimating process due the nature of the information used to develop 

the tailings basin seepage treatment train and mine water treatment trains model. In particular, the 

influent information for the WWT modeling is derived from the GoldSim modeling of the water 

management strategy for the Project in the FEIS. The FEIS GoldSim modeling was developed to provide a 

probabilistic range of potential outcomes to evaluate the full spectrum of potential environmental effects. 

The use of this information as influent to the WWT system first requires an initial conversion of the 

probabilistic output into a deterministic input for the WWT system. Then, the resulting deterministic input 

values need to be adjusted to allow chemical balance modeling in support of chemical usage and sludge 

generation calculations. The uncertainties attributed to these two steps in the cost estimating process are 

described in the following paragraphs. 

6.1.1 Development of Deterministic Input values 

As noted previously, the P50 water quality and quantity values were selected from the FEIS models for use 

as the influent to the mine water treatment trains and the tailings basin seepage treatment train for MY1 

Closure. Selecting the median value provides an overall estimate of the likely flows and loads to the mine 

water treatment trains and the tailings basin seepage treatment train, but does not necessarily account for 

the variability in the operation of the systems over the course of hours, days, or weeks due to the inherent 

variability of the influent flows. The design strategy of the WWTS accounts for this variability, as it is based 

on the P90 water quality and quantity values for the initial MY1 buildouts.  

6.1.2 Charge Balancing of Deterministic WWT Inputs 

Selecting the median expected value for each water quality parameter from the FEIS model as the input to 

the waste water treatment model results in an initial water quality that does not contain equal amounts of 

cations and anions. Thus, the charge balance of the WWTS influent water quality needs to be adjusted 

prior to use in the process model. To complete this charge balance, alkalinity was added when additional 

anions were needed and calcium was added when additional cations were needed. These constituents 

were chosen based on their limited effect on treatment processes. Both alkalinity and calcium affect the 

chemical requirements and sludge production in the chemical precipitation train at the WWTS. The costs 
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of influent charge balancing are included in the O&M costs shown on Table 1 represents approximately 1 

to 10% of the total O&M cost. 

 Equipment Replacement Costs 

The cost estimates for equipment replacement for the WWTS are provided in Appendix B. 

The approach used was to use the detailed capital cost estimate developed by PolyMet in 2014 for the 

Mine Year 1 buildouts for the WWTS at that time and update them for inflation to 2016 dollars. The 2016 

estimate was then grouped into categories and a service life assigned to each category. 

The capital cost for each category was divided by the service life to calculate the annual equipment 

replacement cost for each category. The total annualized equipment replacement cost was divided by the 

total capital cost to calculate the overall equipment replacement percentages for the WWTS. 

The overall equipment replacement percentages were then multiplied by the estimated cost of the 

equipment in service for Mine Year 15 to calculate annualized equipment replacement costs. See 

Appendix B for more details on development of equipment replacement costs. 

 Cost Assumptions 

The cost estimates provided in this memorandum are made on the basis of Barr’s experience and 

represent our best judgment as experienced and qualified professionals familiar with the Project. The 

estimated costs are based on modeling information available to Barr and are subject to change as site-

specific information is considered. In addition, because Barr has no control over the cost of labor, 

materials, equipment, or services furnished by others, or over contractors’ methods of determining prices, 

or over competitive bidding or market conditions, Barr cannot and does not guarantee that the actual 

costs will not vary from the referenced estimates, proposals, or bids used for the preparation of this 

estimate. 

 Water Management Strategy for Closure After Selected Mine Years 

PolyMet will update its reclamation costs for water treatment annually based on Project features, as well 

as other regulatory and technological changes that may occur. Table 3 provides a summary of estimated 

P50 annual average flows and associated estimated durations for Mine Water Treatment Trains pit 

flushing, pit flooding and for Tailings Basin Seepage Treatment train closure and postclosure maintenance 

if closure were to occur after Mine Years 1, 3, 11, or 20. 
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