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Acronyms, Abbreviations and Units 

Acronym, Abbreviation or Unit Stands For 

%S Percent sulfur 

ARD Acid Rock Drainage 

ASTM American Society for Testing and Materials 

AWMP Adaptive Water Management Plan 

cm/sec centimeters per second 

CQA Construction Quality Assurance 

EIS Environmental Impact Statement 

FTB Flotation Tailings Basin  

gal/acre/day gallons per acre per day 

GCS groundwater containment system 

gpm gallons per minute 

GPS global positioning system 

LOM life of mine (operations phase) 

LLDPE Linear Low Density Polyethylene 

LTVSMC LTV Steel Mining Company 

Max Maximum 

MCY million cubic yards 

DNR Department of Natural Resources 

mil measurement of liner thickness; a mil is a thousandth of an inch 

MPCA Minnesota Pollution Control Agency 

N/A not applicable 

OSLA Overburden Storage and Laydown Area 

OSP Ore Surge Pile 
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Acronym, Abbreviation or Unit Stands For 

psi pounds per square inch 

PTM Permit to Mine 

QC quality control 

ROMP Rock and Overburden Management Plan 

RTH Rail Transfer Hopper 

SDS State Disposal System 

SKP stockpile 

TBD to be determined 

UV ultraviolet 

WWTS Mine Site Waste Water Treatment System 
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1.0 Introduction 

This document describes the Rock and Overburden Management Plan for Poly Met Mining, 

Inc.’s (PolyMet’s) NorthMet Project (Project) and includes the presentation of the Block 

Model of rock in the mine pits, classification of waste rock and overburden based on the 

waste characterization study, stockpile design details, construction uses of waste rock and 

overburden, operating plans, reporting requirements, and adaptive management approaches. 

Incremental and final reclamation activities associated with stockpiles are also included.  

Information from this report is included in the Minnesota Department of Natural Resources 

(DNR) Permit to Mine (PTM) application and Minnesota Pollution Control Agency (MPCA) 

State Disposal System (SDS) Permit application. 

As developed in Section 4.2 of the Waste Characterization Data Package (Reference (1)), the 

overall plan for management of waste rock at the Mine Site is to classify rock by its potential 

to produce acidic and/or metalliferous drainage upon weathering and place it in one of three 

stockpiles based on that classification. Category 1 waste rock, which will produce drainage 

that is non-acidic but may be elevated in metals, is placed in a permanent stockpile. In 

addition, a portion of the Category 1 waste rock will be used for select construction 

applications at the Mine Site or placed directly in the East and Central Pits after mining 

ceases in each pit. Category 2/3 and Category 4 waste rock, which have potential to produce 

acidic drainage with elevated metals, are placed in temporary stockpiles. Waste rock from 

these stockpiles will be relocated to the East and Central Pits for subaqueous disposal after 

mining ceases in each pit. Management of waste rock is described in Section 2.1, including 

detailed reclamation plans for the waste rock stockpiles. 

Overburden includes all unconsolidated material that overlies the bedrock. Mineral 

overburden is defined, for this Project, as all non-peat unconsolidated material above 

bedrock. It includes glacial deposits, alluvial deposits, and topsoil (the top layer of 

unsaturated mineral overburden, usually the top 2 to 8 inches, with a high concentration of 

organic matter and microorganisms, which facilitate vegetative growth). Mineral overburden 

at the Mine Site is classified as either saturated or unsaturated.  

 Saturated mineral overburden:  mineral overburden that has remained below the water 

table and has not been oxidized and can release metals when exposed to air and 

oxidized. 

 Unsaturated mineral overburden:  mineral overburden that has been above the water 

table including all topsoil. At the Project site, this material has been oxidized and has 

low potential for metal release. 

As developed in Section 3.2 of Reference (1), the overall plan for management of overburden 

at the Mine Site is to place potentially reactive saturated mineral overburden in one of two 

temporary stockpiles, the Category 2/3 Waste Rock Stockpile and the Category 4 Waste 

Rock Stockpile, or to use it in DNR-approved applications, and to use non-reactive 

unsaturated mineral overburden for construction and reclamation at the Mine Site. Organic 
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overburden, hereinafter called peat, will also be used for reclamation at the Mine Site. 

Management of Mine Site overburden is described in Section 2.2. 

PolyMet has focused waste characterization and management on the overburden materials at 

the Mine Site due to the underlying Duluth Complex deposits, and the characterization work 

was designed to assess the degree to which the overburden materials reflect the potential 

presence of sulfide minerals and/or metal enrichment of this underlying bedrock. As shown 

on Large Figure 1, the Plant Site overburden materials primarily overlay schist, and granitic 

geologic materials of the Giants Range Batholith, which have been heavily disturbed as a 

result of past mining activities without record of environmental or water quality issues as a 

result of the overburden usage. With regard to the Transportation and Utility Corridors, the 

overburden materials directly overlay, from west to east, the Giants Range Batholith, the 

Biwabik Iron Formation, the Virginia Formation, and the Partridge River Intrusion of the 

Duluth Complex (Large Figure 1). Background information on overburden in the area, 

compiled as part of the characterization work (Section 2.1 of Reference (2)), indicated that 

overburden in the region is primarily a result of glacial deposition and associated processes 

from the Rainy Lobe of the Laurentian Ice Sheet. The Rainy Lobe advanced locally in a 

direction subparallel to the strike of the contact between the Duluth Complex and the country 

rocks (Section 2.1.1 of Reference (2)). Therefore, overburden at the Plant Site and the 

western half of the Transportation and Utility Corridors are unlikely to be impacted by rock 

from the Duluth Complex. In addition, with the exception of initial construction activities, 

disturbance of the overburden materials at the Plant Site and along the Transportation and 

Utility Corridors will be minimal. If disturbance of the saturated mineral overburden in the 

Transportation and Utility Corridors is necessary, PolyMet will complete waste 

characterization of the saturated mineral overburden to determine the appropriate handling 

and disposal of the material. 

1.1 Objective and Overview 

The objective of the Rock and Overburden Management Plan (ROMP) is to provide stable 

and safe storage of the Mine Site waste rock and overburden in a manner that results in 

compliance with safety and environmental regulations. 

The Mine Site layouts are presented for Mine Years 1, 2, 11, and 20 as Large Figure 2 

through Large Figure 5. Mine Years 1 and 2 are provided because they are the first two years 

of mining. Mine Year 11 is included because there is a major change in operations – mining 

in the East Pit is completed, mining in the Central Pit has begun, and the temporary waste 

rock stockpiles have reached their maximum footprints. Mine Year 20 represents the end of 

mining, with pits and the permanent waste rock stockpile at their maximum extents and the 

material in the temporary waste rock stockpiles having been relocated to the East and Central 

Pits. Cross-sections of the pits are shown on Large Figure 6 and Large Figure 7, and cross-

sections of the stockpiles are shown on Large Figure 8 through Large Figure 10. 

Some of the information provided in this document will be submitted annually to fulfill the 

PTM annual reporting requirements, including documentation on the mining and reclamation 
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activities completed during the past year and the mining and reclamation activities planned 

for the upcoming year. 

1.2 Outline 

The outline of this document is: 

Section 1.0 Introduction, objective and overview, and geology and Block Model 

Section 2.0  Description of the design of systems to manage waste rock and overburden 

including waste characterization, waste classification, and construction uses 

Section 3.0  Description of the outcomes of the design 

Section 4.0  Description of the operational plans associated with rock and overburden 

management 

Section 5.0  Description of systems to monitor the water quantity and quality from the 

stockpiles, the amount of material in the stockpiles, and the footprint of the 

stockpiles 

Section 6.0  Description of annual reporting requirements including comparison to plan, 

waste characterization update, and compliance report 

Section 7.0 Description of the reclamation plan for the stockpiles 

Because this document has evolved through the environmental review and permitting, a 

Revision History is included at the end of the document. 

1.3 Geology and Block Model 

The geology in the Project vicinity and development of the Block Model are summarized in 

the following sections. 

1.3.1 Surficial Geology 

Surficial deposits at the Mine Site, the Plant Site, along the Transportation and Utility 

Corridors, and along the Colby Lake Pipeline Corridor are dominated by the Rainy Lobe till; 

although outwash, reworked glacial sediments, and peat are also found (these deposits are 

not laterally continuous). The Rainy Lobe till has been described at a regional scale as an 

unsorted sandy loam mixture with pebbles, cobbles, and boulders (Reference (3)), which is 

generally consistent with what has been observed in soil borings collected from within the 

Mine Site and near the Tailings Basin. 

Within the Mining Area, upland areas are commonly underlain by local bedrock highs, which 

are overlain by relatively thin mantles of glacial deposits. Lowlands are commonly 
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characterized by wetlands with peat accumulations several feet thick. The surficial deposits 

range in thickness from 0 to 60 feet in the vicinity of the Mine Site and are on the order of 0 

to 40 feet near the Tailings Basin at the Plant Site. The Process Plant is on a bedrock high 

with minimal surficial deposits. North and northwest of the Tailings Basin, surficial deposits 

thicken to as much as 150 feet (Reference (4)). Along the Transportation and Utility 

Corridors, bedrock is generally near the surface. The depth to bedrock along the Colby Lake 

Pipeline Corridor increases to the south; near Colby Lake, the depth to bedrock is over 100 

feet.    

1.3.2 Bedrock Geology 

The bedrock geology in the vicinity of the Project consists of granites and associated 

lithologies overlain by metamorphosed sedimentary rock that hosts the northeast trending 

Biwabik Iron Formation and Virginia Formation, and the intruded igneous Duluth Complex, 

which is the source of the ore to be mined by the Project. Much of the Plant Site is underlain 

by the Giants Range Batholith. 

The Duluth Complex displays a generally layered fabric that dips to the southeast. The 

mineral constituents that make up the Duluth Complex form an interlocking igneous texture 

and fabric with no primary porosity or incipient discontinuity in the rock mass. The 

NorthMet Deposit occurs in troctolitic and gabbroic rocks of the Partridge River Intrusion 

(PRI). 

Geotechnical drilling at the Mine Site by Golder Associates (Golder) indicated core 

recoveries near 100% and excellent rock quality designation (RQD), typically exceeding 

95% (Reference (5)). The higher the number, the less fractured the rock. Golder conducted 

additional geotechnical testing, including Uniaxial Compressive Strength and Young’s 

modulus (Reference (5)). In addition, over 14,000 RQD measurements were recorded for 

more than 217,000 feet of core during the resource drilling within the proposed pits. The 

RQD data from exploratory drilling indicates that rock quality in the Duluth Complex is 

generally excellent (>90%), indicating that the bedrock has a low fracture frequency. 

Average RQD increases from 73% at the top of bedrock to 94% within 40 feet below the top 

of bedrock (Reference (6)). 

1.3.3 Block Model 

The Block Model is a mathematical representation of the NorthMet Deposit and is used to 

develop a mine design and mining schedule. The schedule drives the required capacity for 

stockpiles. The development of the Block Model is described in Attachment A.  
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2.0 Mine Waste Management System Design 

Mine waste that will be excavated in the process of exposing the ore at the Mine Site 

includes waste rock and overburden. Management of these mine wastes includes estimating 

the amount of each type of material to be excavated, evaluating the potential construction 

uses for each type of material, making use of a portion of these materials in on-site 

construction activities, and designing and implementing storage areas for the materials that 

are not used for construction. Waste rock management systems are described in the following 

subsections of Section 2.0. Procedures used to classify and segregate waste rock during 

operations are described in Section 4.1, and procedures used to classify and segregate 

overburden during operations are described in Section 4.2. 

2.1 Waste Rock 

Waste rock will be excavated and hauled by truck to waste rock stockpiles or to the East and 

Central Pits for backfilling. Waste rock will be categorized based on the geochemical 

properties of the waste rock. 

2.1.1 Rock Characterization and Classification 

Based on work described in Section 4 of Reference (1), waste rock has been divided into four 

categories according to its sulfur content, in ascending order of reactivity. These waste rock 

categories are summarized in Table 2-1 and described in more detail below.  

Table 2-1 Summary of Waste Rock Properties 

Waste Rock 
Categorization 

Sulfur Content 
(%S)(1) 

Approximate % of 
Waste Rock Mass Applications(3) 

Category 1 %S ≤ 0.12 70% 
Construction and East Pit 

Backfill 

Category 2 0.12 < %S ≤ 0.31 24% East and Central Pit Backfill 

Category 3 0.31 < %S ≤ 0.6 3% East and Central Pit Backfill 

Category 4(2) 0.6 < %S 3% East and Central Pit Backfill 

(1) In general, the higher the rock’s sulfur content, the higher its potential for generating Acid Rock Drainage (ARD) or 
leaching heavy metals.  

(2) Includes Virginia formation rock. 
(3) Applications include uses of the material other than stockpile storage. 

The decision on where to haul the waste rock will depend on the rock’s waste category, which will 

be determined through a sampling and analysis program reviewed by the DNR, as discussed in 

Section 4.0.  

As shown in Table 2-2, during Mine Years 1 through 11, Category 2, 3, and 4 waste rock 

will be placed on the temporary Category 2/3 or Category 4 Waste Rock Stockpiles 

(Large Figure 2 through Large Figure 4). Beginning in Mine Year 11, after mining of the 
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East Pit is complete, Category 2, 3, and 4 waste rock will be placed directly in the East Pit. 

Category 2, 3, and 4 waste rock will also be used to backfill the Central Pit, once mining 

ceases in that pit. The material in the temporary Category 2/3 and Category 4 Waste Rock 

Stockpiles will be relocated to the combined East and Central Pit, after mining ceases in each 

pit. In addition, approximately 49 million tons of Category 1 waste rock mined after Mine 

Year 11 will be placed in the East and Central Pits. This will result in backfilling the East 

Pit, which includes the Central Pit, with approximately 45% of the total waste rock mined. 

See Section 7.3.1 for more details on East Pit backfilling. 

Stockpiles will be designed to comply with Minnesota Rules, parts 6132.2200 and 

6132.2400. When at their maximum extent, each stockpile is estimated to have the 

approximate area, height, volume, and elevation shown in Table 2-3. Large Figure 11 also 

summarizes stockpile capacities. 
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Table 2-2 Waste Rock Placement 

Mine Year 

Category 1 Waste 
Rock – Mine to 
Stockpile (tons) 

Category 2/3 
Waste Rock - Mine 

to Stockpile 
(tons) 

Category 4 Waste 
Rock - Mine to 

Stockpile (tons) 

Category 1, 2/3, 
and 4 Waste Rock - 
Mine to East Pit(1)(3) 

(tons) 

Category 2/3 and 4 
Waste Rock - 

Stockpiles to East 
Pit(1)(3) (tons) 

Total Rock 
Moved(1) 

(tons) 

1 18,707,500 5,238,800 1,489,200 0 0 25,435,500 

2 15,016,700 4,432,900 762,500 0 0 20,212,100 

3 16,139,000 4,297,100 1,127,700 0 0 21,563,800 

4 12,796,600 3,655,600 827,500 0 0 17,279,700 

5 11,741,300 2,415,000 441,900 0 0 14,598,200 

6 16,842,200 4,349,000 665,600 0 0 21,856,800 

7 10,405,000 2,566,000 549,000 0 0 13,520,000 

8 16,939,800 4,332,200 110,600 0 0 21,382,600 

9 12,556,200 4,660,200 133,500 0 0 17,349,900 

10 12,974,200 4,070,500 76,800 0 0 17,121,500 

11 10,180,400 4,003,900 22,400 0 6,206,800 20,413,500 

12 10,773,100 0 0 4,834,700 5,739,500 21,347,300 

13 2,850,000 0 0 11,032,700 5,739,500 19,622,200 

14 0 0 0 12,177,700 5,739,500 17,917,100 

15 0 0 0 10,949,900 5,739,500 16,689,400 

16 0 0 0 9,099,300 5,739,500 14,838,800 

17 0 0 0 6,955,500 5,739,500 12,695,000 

18 0 0 0 8,841,600 5,739,500 14,581,100 

19 0 0 0 11,944,200 3,844,400 15,788,600 
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Mine Year 

Category 1 Waste 
Rock – Mine to 
Stockpile (tons) 

Category 2/3 
Waste Rock - Mine 

to Stockpile 
(tons) 

Category 4 Waste 
Rock - Mine to 

Stockpile (tons) 

Category 1, 2/3, 
and 4 Waste Rock - 
Mine to East Pit(1)(3) 

(tons) 

Category 2/3 and 4 
Waste Rock - 

Stockpiles to East 
Pit(1)(3) (tons) 

Total Rock 
Moved(1) 

(tons) 

20 0 0 0 14,128,000 0 14,128,000 

Total 167,922,000(2) 44,021,200 6,206,700 89,963,600 50,227,700 358,341,100(1) 

% Total 

Rock(1) 
54.5% 14.3% 2.0% 29.2% N/A N/A 

(1) The total rock listed includes movement of rock from the temporary Category 2/3 and Category 4 Waste Rock Stockpiles to the E ast and Central Pits. There will be 
approximately 311 million tons of waste rock, with about 50 million tons being double-handled for disposal in these pits. At reclamation, waste rock storage will be in 
either the Category 1 Waste Rock Stockpile or the East and Central Pits. Values reported above exclude saturated mineral overburden. Approximately 3,262,000 cubic 
yards of saturated mineral overburden will also be backfilled in the East and Central Pits.  

(2) A portion of the Category 1 waste rock may be used for DNR-approved on-site construction. The balance will be placed in the Category 1 Waste Rock Stockpile or in 
the East and Central Pits. 

(3) East/Central Pit capacity below closure water elevation 1,592 ft. AMSL is approximately 150,000,000 tons (at assumed waste ro ck in-place density of 141 pounds per 
cubic foot). East/Central Pit capacity between closure water elevation 1,592 ft. AMSL and typical pit rim elevation 1,594 ft. AMSL is approximately 1,300,000 tons (at 
density noted above).  
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Table 2-3 Maximum Stockpile Dimensions – Approximate  

Stockpile 

Mine Year of 
Maximum 
Footprint 

Maximum 
Footprint 

(acres) 

Capacity (tons) Height (feet) 

Maximum 
Elevation  

(feet above sea 
level) 

Planned(1) 
Maximum 
Capacity Planned(1) 

Height at 
Maximum 
Capacity 

At Maximum 
Capacity 

Category 1 
(Permanent) 

6/21(2) 508/526(2) 168M 172M 200 240 1840 

Category 2/3  
(Temporary) 

6 180 44.0M 60.6M 160 200 1770 

Category 4 
(Temporary) 

3 57 6.21M 15.0M 80 180 1790 

Ore Surge Pile 
(Temporary) 

N/A(3) 31 2.50M 3.07M 40 40 1645 

(1) The planned capacity of the stockpile is the capacity that will be utilized per the current plan described in this document. The maximum capacity reflects the full capacity of the 
stockpile based on its planned footprint, but filled to maximum achievable height. Maximum capacities of the temporary stockpiles and planned capacity of the permanent 
stockpile were used for impact evaluations. 

(2) The Category 1 Waste Rock Stockpile has a maximum footprint of 508 acres while active. It will reach this size by Mine Year 6. The stockpile will be re-graded as part of 
reclamation with a final footprint of 526 acres in Mine Year 21. 

(3) The OSP is a surge pile that will have ore moving in and out as needed to meet mine and plant conditions. 
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2.1.2 Permanent Stockpile – Category 1 Waste Rock Stockpile 

The majority of the Category 1 waste rock will be placed in the permanent Category 1 Waste 

Rock Stockpile, which is the only permanent stockpile. Some Category 1 waste rock will be 

used to backfill the East or Central Pit. Located north and west of the West Pit, the 

Category 1 Waste Rock Stockpile, at its final configuration (Mine Year 21), will contain 

approximately 168 million tons of waste rock, cover approximately 526 acres, and be 

approximately 200 feet high. If filled to its maximum capacity, the Category 1 Waste Rock 

Stockpile will be 240 feet high.  

The Category 1 Waste Rock Stockpile contains rock that is not expected to generate acid 

rock drainage (ARD), but may leach metals; therefore, it will be constructed differently than 

the temporary waste rock stockpiles that will contain waste rock with potential to generate 

ARD. Minnesota Rule, part 6132.2200, subpart 2, item B(2) mandates collection of water 

that drains from mine waste; therefore a groundwater containment system will be constructed 

in stages around the stockpile to collect Category 1 Waste Rock Stockpile drainage and 

convey it to the Waste Water Treatment System (WWTS) for treatment. This groundwater 

containment system is being developed in lieu of a liner system under the stockpile . 

Sections 2.1.2.2 and 2.1.2.3 describe the Category 1 Stockpile Groundwater Containment 

System. 

Details on reclamation of the Category 1 Waste Rock Stockpile are discussed in 

Section 7.1.1 for progressive reclamation, Section 7.2 for closure and postclosure 

maintenance. 

2.1.2.1 Stockpile Design 

The Category 1 Waste Rock Stockpile will be the only permanent stockpile and has been 

designed to comply with Minnesota Rules, part 6132.2400 to minimize hydrologic impacts, 

be structurally stable, control erosion, promote progressive reclamation, and enhance the 

survival and propagation of vegetation. In order to meet these requirements, the stockpile has 

been designed with a maximum lift height of 40 feet, final bench width of 30 feet, initial 

slopes between benches at the angle of repose of the waste rock, and final reclamation slopes 

between benches of 3.75 (horizontal) to 1 (vertical).  

In preparation for building the stockpile, geotechnically unsuitable soils will be removed 

from around the perimeter to insure the long-term stability of the stockpile and the adjacent 

groundwater containment system. For more details on the geotechnical design and modeling 

to support the design, see Reference (7). Select permit design drawings of the Category 1 

Waste Rock Stockpile are included in Attachment B.  

Surface water management on active portions of the stockpile has been designed to minimize 

erosion of the stockpile surface. The benches and top surfaces of the stockpile will be 

backsloped away from the crests to minimize the potential for breakout of ponded water from 

eroding the outer slopes. In addition, crest berms (Detail 3, Drawing SPK-032 in 
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Attachment B) will be constructed along the operational crest perimeters to provide further 

assurance that surface runoff from active areas will not overflow to the reclaimed areas along 

the lower slopes. Outslope drainage will be managed in part by using channels constructed 

on the inboard side of the stockpile ramps, as illustrated on Detail 4 on Drawing SPK-032 of 

Attachment B. Drainage and any surface runoff from active portions of the stockpile will be 

collected in the groundwater containment system along the base of the stockpile. 

2.1.2.2 Groundwater Containment System Design 

A groundwater containment system will be constructed to capture drainage and surface 

runoff from the Category 1 Waste Rock Stockpile. The Category 1 Stockpile Groundwater 

Containment System will provide the ability to collect and treat the drainage from the 

Category 1 Waste Rock Stockpile. 

The Category 1 Stockpile Groundwater Containment System will consist of a cutoff wall (a 

low hydraulic conductivity compacted soil hydraulic barrier) combined with a drainage 

collection system around the perimeter of the stockpile near the stockpile toe. The final 

configuration of the groundwater containment system will completely encircle the stockpile 

as shown on Figure 2-1. Attachment C contains the permit application support drawings for 

the Category 1 Stockpile Groundwater Containment System for reference in conjunction with 

the following discussion of the groundwater containment system design. The design will 

meet the applicable requirements of Minnesota Rules, part 6132.2200, subpart 2, items B and 

C. During operations, the water collected by the groundwater containment system will be 

pumped from the Mine Site to the WWTS and treated and then pumped to the FTB or to the 

East or Central Pits to flood the pits more rapidly. During reclamation, closure, and 

postclosure maintenance, this water will be treated at the WWTS and pumped to the East or 

West Pits or discharged to a small watercourse that flows into the Partridge River, as 

described in Section 7.0.  

Groundwater containment systems are commonly used at facilities where there is a need to 

manage groundwater flow due to existing or potential facility impacts on groundwater 

quality, such as municipal and industrial solid waste landfills, brownfield sites, and tailings 

basins. The combined use of a cutoff wall and a groundwater collection system as an 

effective means of groundwater quality protection is acknowledged by academic, 

governmental, and industry authorities and by construction markets, as detailed in 

Attachment D.  

The groundwater containment system will collect stockpile drainage and draw down the 

water table on the stockpile side of the cutoff wall, thereby maintaining an inward gradient 

along the cutoff wall and eliminating the potential for stockpile drainage passing through the 

cutoff wall (hydraulic barrier) (i.e., leakage through the cutoff wall will be inward into the 

groundwater containment system). Figure 2-2 shows a conceptual cross-section of the 

Category 1 Stockpile Groundwater Containment System. The design of the groundwater 

containment system is shown in Attachment C, including typical sections during operations 

on Drawing GCS-010.  



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 12 

 

 

A groundwater flow model was developed to assess the ability of the proposed groundwater 

containment system to collect groundwater from beneath the Category 1 Waste Rock 

Stockpile and estimate the average groundwater flow rate to the collection system. See 

Attachment E for a description of this modeling. 
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Figure 2-1 Category 1 Stockpile Groundwater Containment System 
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Figure 2-2 Conceptual Representation of Category 1 Stockpile Groundwater Containment 
System – Operating Conditions Cross-Section 

Groundwater flow modeling indicates that stockpile drainage recharging groundwater 

beneath the Category 1 Waste Rock Stockpile has the potential to flow within the bedrock 

prior to reaching the groundwater containment system. Groundwater flow within the bedrock 

is primarily through fractures or other secondary porosity features, as the bedrock has a low 

primary hydraulic conductivity. At the scale of the model, the fractures are assumed to be 

sufficiently interconnected that the fractured rock behaves similar to a porous medium. In 

order for the groundwater containment system to capture groundwater from the bedrock, a 

hydraulic connection between the drainage collection system and the bedrock must be 

established, as described in Section 2.1.2.3. 

The groundwater containment system will be constructed in stages from the construction 

phase through Mine Year 5 as shown on Drawings GCS-003 through GCS-007 of 

Attachment C. The Mine Year 5 configuration of the groundwater containment system will 

completely contain the stockpile, capturing drainage from the stockpile in its entirety.  

2.1.2.3 Groundwater Containment System Configuration and Operation 

The groundwater containment system will consist of a cutoff wall and a drainage collection 
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system. The cutoff wall, with a soil hydraulic conductivity of no more than 1x10 -5 cm/sec, 

will be constructed by excavating a trench near the toe of the stockpile to bedrock and 

backfilling the trench with a suitable compacted soil material (compacted natural silty clay 

soil or bentonite amended soil) or by placing a geosynthetic barrier in the trench. Any of 

these barrier systems will serve the intended function; the type to be installed will be decided 

based on soil availability, overall cost, and timing/duration of construction at that point in 

time (i.e., spring, summer, and fall) when construction services are procured and initiated. 

The drainage collection system will consist of a combination of pipes and ditches. This 

includes a slotted or perforated horizontal drain pipe surrounded by aggregate within a trench 

excavated to bedrock and backfilled with free-draining granular material. In order to 

establish a hydraulic connection between the collection drain and the bedrock, the elevation 

of the horizontal drain pipe must be low enough to produce an upward vertical hydraulic 

gradient between the drain pipe and the bedrock. The existing low hydraulic conductivity 

soils below the drain pipe will be excavated down to bedrock and backfilled with a high 

hydraulic conductivity granular material. This should establish the hydraulic connection 

between the groundwater containment system and bedrock along most of the west, north and 

east sides of the stockpile where it is estimated that the water level will be above the 

elevation of the drain pipe. However, along the south side of the stockpile, the water level is 

likely to be below the drain pipe elevation. Some of the stockpile drainage entering bedrock 

and flowing south will not be captured by the groundwater containment system but will 

instead flow into the West Pit. 

Along the west, north, and east sides of the stockpile, there may be localized areas where the 

drain pipe cannot be installed at an elevation low enough to prevent groundwater from 

flowing beneath the cutoff wall. PolyMet assumed that water collection performance 

monitoring points will be defined in SDS permitting to confirm (via monitoring differential 

hydraulic head) whether or not post-construction seepage loss is occurring beneath the cutoff 

wall. If monitoring confirms that seepage losses are occurring to an extent potentially 

detrimental to water quality, then groundwater recovery wells can be installed to supplement 

the groundwater containment system. 

Stockpile drainage collected in the horizontal drain pipe will flow by gravity to a low point 

near the northeast corner of the stockpile. From the northeast corner of the stockpile, a non-

perforated pipe will convey the flow to a collection sump where it will be pumped to the 

WWTS. As the stockpile development progresses to the west, an additional section of the 

groundwater containment system will collect and convey drainage from the southwest corner 

of the stockpile by gravity flow to another collection sump where it will be pumped to the 

WWTS. The two collection sumps will have emergency overflows (by gravity) to the East or 

West Pits.  

In addition to the drainage collection system around the stockpile, a mine water ditch will be 

incrementally built along the base of the stockpile as the stockpile is built.  Stockpile mine 

water originating from surficial seeps and runoff will be collected and pumped to the 
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Equalization Basin Area at the Mine Site, and then further sent to the WWTS via the Mine to 

Plant Pipelines. To accomplish this, the groundwater containment system horizontal drain 

pipe will have vertical risers extending upward into the mine water ditch. The portion of the 

risers above ground will be slotted or perforated and encapsulated in aggregate to allow 

stockpile mine water originating from surficial seeps and runoff collected in the mine water 

ditch to drain through the risers into the horizontal drain pipe, while excluding soil particles 

of a size that could clog or otherwise be difficult to clean from the pipe. These risers will 

also function as access points for cleanout of the horizontal pipe. The correct specification of 

the aggregate and vertical riser slot size in combination with the ability to access the 

horizontal pipe to implement periodic preventive cleaning will minimize the risk of clogging 

the drain pipe.  

Shortly after construction and before vegetative cover is fully established, these systems can 

occasionally fill in with sediments. Multiple cleanout access points will be provided to 

accommodate equipment needed to prevent and/or remedy clogs if they occur. Periodic 

maintenance will consist of inspection via video camera of the drain pipe to make sure it is 

not blocked by sediments or collapsed. If sediments are observed, they will be cleaned out by 

flushing through the vertical risers. If collapse is observed, the collapsed section will be 

repaired. The periodic inspections to evaluate the need for maintenance will be every 5 years 

unless monitoring of the amount of water collected by the groundwater containment system 

indicates there has been an unusual change in flow not attributed to weather that could be 

caused by collapse or damage to the groundwater containment system. Over the long-term, 

once a dense vegetative cover is established, the availability of sand, silt and clay size 

particles to erode into the system is substantially reduced, as are the potential for clogging 

and the need for occasional pipe cleaning. 

Reclamation of the groundwater containment system, including the mine water ditch, is 

described in Section 7.3. 

As shown in Table 2-4 and Attachment E, the groundwater model simulations indicate that 

the groundwater containment system is capable of capturing 91% to greater than 99% of the 

drainage from the Category 1 Waste Rock Stockpile over the life of the mine (LOM) and 

during the closure and postclosure maintenance phases. The majority of the remaining 

drainage eventually flows to the mine pits. A small percentage, less than 1% to 2% (<0.01-6 

gpm) during operations and less than 1% (<0.01 gpm) during closure and postclosure 

maintenance, is not captured in the groundwater containment system or the mine pits and is 

estimated to flow off site.  

The groundwater modeling simulations show that the majority of the flow not captured by 

the Category 1 Stockpile Groundwater Containment System or the pits follow deep and long 

bedrock flow paths to the south, southeast, and east. These potential uncaptured flows are not 

significant due to the relatively small volumes of groundwater flow that these flow paths 

represent and the long travel time along these flow paths (estimated at over 1,500 years 

travel time to downgradient surface water locations, as described in Attachment E). 
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However, these potential flows from the Category 1 Waste Rock Stockpile to bedrock south , 

southeast, and east of the West Pit, along with outflow from the West Pit, are included in the 

Mine Site water quality model to determine potential impacts from this groundwater to 

downgradient surface water locations. 

Table 2-4 Category 1 Waste Rock Stockpile Drainage Modeling Results 

Mine Year Flow Component Flow Rate (gpm) 

Overall 
Capture 

Efficiency 

Mine Year 1 

Total Drainage 140.7 gpm 

>99.9% 

Capture by Containment System 140.2 gpm 

Capture by West Pit 0 gpm 

Capture by East Pit 0.5 gpm 

Uncaptured Flow <0.1 gpm 

Mine Year 10 

Total Drainage 361.2 gpm 

98.5% 

Capture by Containment System 328.9 gpm 

Capture by West Pit 20.6 gpm 

Capture by East Pit 6.1 gpm 

Uncaptured Flow 5.5 gpm 

Mine Year 20 
(virtually all 

final cover in 
place) 

Total Drainage 3.7 gpm 

99.9% 

Capture by Containment System 3.5 gpm 

Capture by West Pit 0.2 gpm 

Capture by East Pit <0.01 gpm 

Uncaptured Flow <0.01 gpm 

Mine Year 30 

Total Drainage 3.7 gpm 

99.9% 

Capture by Containment System 3.5 gpm 

Capture by West Pit 0.2 gpm 

Capture by East Pit <0.01 gpm 

Uncaptured Flow <0.01 gpm 
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Mine Year Flow Component Flow Rate (gpm) 

Overall 
Capture 

Efficiency 

Mine Year 40 

Total Drainage 3.7 gpm 

99.9% 

Capture by Containment System 3.5 gpm 

Capture by West Pit 0.2 gpm 

Capture by East Pit 0 gpm 

Uncaptured Flow <0.01 gpm 

Postclosure 
Maintenance 

(Steady 
State) 

Total Drainage 3.7 gpm 

99.9% 

Capture by Containment System 3.5 gpm 

Capture by West Pit 0.2 gpm 

Capture by East Pit 0 gpm 

Uncaptured Flow <0.01 gpm 

   
 

Prior to the stockpile being covered, the model is estimating that there is some potential for a 

very small amount of stockpile drainage (0.2 gpm; a portion of the 5.5 gpm in Mine Year 10) 

to flow underneath the groundwater containment system and discharge to the adjacent 

wetlands in areas along the northeast and northwestern sides of the stockpile. These areas 

will be investigated prior to the construction of the corresponding segment of the 

groundwater containment system. If field conditions, particularly depth to bedrock, are 

similar to modeling assumptions, the design of the groundwater containment system may be 

modified to account for capture at lower elevations or to include groundwater extraction 

wells that will collect water from a greater depth than the groundwater containment system is 

currently designed and modeled to collect water. 

2.1.2.4 Construction Use of Waste Rock 

A significant amount of construction material will be required in the construction phase and 

the first few years of operation to develop the Mine Site. Construction material requirements 

change over time, but material continues to be needed throughout the LOM for new and 

expanded haul roads, stockpile foundations and liners, and ancillary infrastructure. A subset 

of Category 1 waste rock with sulfur content of 0.05% or less, herein referred to as Duluth 

Complex construction rock, will be used as a construction material. Procedures for selecting 

Duluth Complex construction rock that meets environmental criteria are presented in 

Attachment F.  

In addition to Duluth Complex construction rock, construction material may also be sourced 

from the regionally-available Biwabik Iron Formation (BIF), provided it meets Project-

specific criteria indicating minimal potential for acidic and metalliferous drainage, detailed 
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in Attachment F. Sources of BIF for construction include, but are not limited to, a state-

owned waste rock stockpile, Stockpile 2012, from LTVSMC Area 3 and/or 2 located 

approximately 5 miles west of the Mine Site along Dunka Road or from the inactive LTV 

Steel Mining Company (LTVSMC) Area 5 (Large Figure 12) to the east of the Flotation 

Tailings Basin.   

2.1.3 Temporary Waste Rock Stockpiles (including the Ore Surge Pile) 

There are two temporary waste rock stockpiles and one temporary OSP. Although the OSP 

does not store waste rock, the design of the stockpile is similar to the design of the temporary 

waste rock stockpiles and is thus included in this section. The locations of the stockpiles, as 

shown in Large Figure 2 through Large Figure 5, are as follows:  

 The temporary Category 2/3 Waste Rock Stockpile is located southeast of the East Pit, 

near Dunka Road. 

 The temporary Category 4 Waste Rock Stockpile is located west of the East Pit, over the 

Central Pit. 

 The OSP, which is a temporary storage pile of ore, is located south of the East Pit, along 

Dunka Road, east of the Rail Transfer Hopper (RTH). 

The temporary waste rock stockpiles will receive material from the East Pit from Mine 

Year 1 to 11 and from the West Pit from Mine Year 2 through 11. Beginning in Mine 

Year 11, after mining of the East Pit is complete, Category 2, 3, and 4 waste rock mined from 

the West and Central Pits will be hauled directly to the East Pit for disposal. Category 2, 3, 

and 4 waste rock will also be used to backfill the Central Pit, after mining ceases in that pit 

in Mine Year 16. Starting in Mine Year 11, the temporary waste rock stockpiles will be 

relocated to the East and Central Pits for ultimate disposal, after mining ceases in each pit. 

The OSP will allow for temporary storage of ore until it can be added to the ore delivery 

schedule or as required due to operating delays. Use of the OSP will allow for delivery of a 

steady annual flow and assist in providing a uniform grade of ore to the Process Plant.  Ore 

will be added to and removed from the OSP during the LOM as needed to meet mine and 

plant operating conditions. The OSP footprint is approximately 32 acres with capacity for 

2.5 million tons for one 40-foot lift and a maximum capacity of 4.4 million tons in three 

40-foot lifts with side slopes at the angle of repose. The OSP will be removed at the 

completion of mining activities, with the remaining ore processed at the plant or placed in 

the East or Central Pits for ultimate disposal. 

2.1.3.1 Stockpile Design 

The temporary stockpiles have been designed to comply with Minnesota Rules, part 

6132.2200 to provide for the collection of substantially all water, and Minnesota Rules, part 

6132.2400 to minimize hydrologic impacts, be structurally sound, and control erosion on the 
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stockpile surface. Because they are temporary stockpiles, their design does not include 

progressive reclamation. The stockpiles have been designed with a maximum lift height of 

40 feet, bench width of 30 feet, and slopes between benches at the angle of repose of the 

material, as specified in the Minnesota Rules, part 6132.2400. The stockpile designs include 

the foundation; underdrain system (when required); liner system; and overliner drainage 

system. Design of the stockpile sumps and stockpile water management is described in the 

NorthMet Water Management Plan-Mine (Reference (8)). Details on reclamation of the 

temporary stockpiles are discussed in Section 7.3 for the Category 2/3 and Category 4 Waste 

Rock Stockpiles. 

In preparation for building the temporary stockpiles, the sites will be cleared, grubbed, and 

geotechnically unsuitable soils excavated as needed to support a stable foundation. 

Unsuitable soils are classified as Pt, OH, OL, MH and CH based on the Unified Soil  

Classification System. Structural fill will then be placed, as needed, to meet the foundation 

grades designed to provide gravity drainage of water collected on the stockpile liner. In areas 

for which there is a risk of elevated groundwater levels or excess pore water pressure 

generation below the liner, the stockpiles will be constructed with a foundation underdrain 

system. After the underdrain system is installed, the liner system will be constructed. 

2.1.3.2 Liner System Design 

The stockpile liner is an engineered system comprised of, from the bottom up, a compacted 

soil liner, a geomembrane liner, and an overliner drainage layer. An underdrain system will 

be installed beneath the compacted soil liner if deemed necessary, to help manage 

groundwater to facilitate construction of the liner system and/or to prevent the development 

of excess foundation pore water pressures during stockpile loading. The determination of 

need for underdrains will depend on groundwater level and soil types encountered at the time 

of stockpile liner construction. The composite liner, defined as a compacted soil liner 

overlain by a geomembrane, has been designed to prevent downward infiltration of water. 

The high hydraulic conductivity overliner drainage layer minimizes the development of 

hydraulic head on the liner by collection and gravity conveyance of water collected above the 

liner to a series of perimeter stockpile sumps. The design components (including the 

underdrains, composite liner, and overliner drainage layer) function as a system to enhance 

liner integrity and stockpile stability. 

The composite liners are designed to perform commensurate with the level of environmental 

risk expected by the waste rock classification type. The composite liner system for each 

temporary stockpile consists of a minimum of one foot of compacted soil overlain by an 80-

mil thick Linear Low Density Polyethylene (LLDPE) geomembrane liner and a minimum of 

two feet of granular drainage material. The temporary stockpile liner systems are described 

below and are summarized in Table 2-5: 

 Category 2/3 Waste Rock Stockpile: A minimum of one foot of compacted soil liner 

overlain by an 80-mil thick geomembrane liner and a layer of overliner drainage 

material. The soil liner will consist of local materials that are scarified, moisture-
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conditioned, and compacted to meet a maximum hydraulic conductivity requirement of 

1x10-5 cm/sec. Based on the available laboratory and site investigation data (Section 4.1 

of Reference (7)), it is anticipated that local glacial till soils will meet the hydraulic 

conductivity requirements specified for the soil liner materials. This data indicates that 

the hydraulic conductivity of foundation soils is matrix-supported, i.e., the hydraulic 

conductivity is governed by matrix soils. If necessary, the soil liner materials will be 

processed to meet the 1x10-5 cm/sec hydraulic conductivity design criteria. 

 Category 4 Waste Rock Stockpile and Ore Surge Pile: A minimum of one foot of 

compacted soil liner with a maximum hydraulic conductivity of 1x10-6 cm/sec, overlain 

by an 80-mil geomembrane liner and a layer of overliner drainage material. Based on the 

available laboratory and site investigation data (Section 4.1 of Reference (7)), it is 

anticipated that the compacted soil liner will consist of locally excavated soils.  This 

assumption of using local material is also supported by the long-term hydraulic 

conductivity values for glacial till reported in the literature (e.g., Reference (9) evaluated 

the mean field saturated conductivity for glacial till of 3x10-6 cm/sec when used for 

cover materials). As the liner soils are subject to much higher confining pressures, are 

overlain by waste rock, and are therefore protected from freeze, thaw, and desiccation 

effects, the long-term maximum liner hydraulic conductivity of 1x10-6 cm/sec for on-site 

soils is likely achievable. If necessary, the soil liner materials will be processed to meet 

the 1x10-6 cm/sec hydraulic conductivity design criteria. The Ore Surge Pile requires a 

thicker overliner drainage layer than the other temporary stockpiles due to the 

anticipated mine equipment operating on the overliner drainage layer. 

Table 2-5 Temporary Stockpile Liner System Design 

Temporary Stockpile Liner System 

Category 2/3 Waste 
Rock Stockpile 

12-inch compacted (1x10-5 cm/s) soil liner subgrade overlain 
by an 80-mil LLDPE geomembrane, covered by a 24-inch 

overliner drainage layer 

Category 4 Waste 
Rock Stockpile 

12-inch compacted (1x10-6 cm/s) soil liner subgrade overlain 
by an 80-mil LLDPE geomembrane, covered by a 24-inch 

overliner drainage layer 

Ore Surge Pile 
12-inch compacted (1x10-6 cm/s) soil liner subgrade overlain 

by an 80-mil LLDPE geomembrane, covered by a 6-foot 
overliner drainage layer 

 

 

2.1.3.2.1 Liner Leakage Analyses 

Each of the selected liner systems was evaluated by conducting liner leakage analyses. The 

methodology and results of these evaluations are provided in Section 5.2.2 and Section 6.1.1 
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of Reference (10). Results of leakage analyses conducted on the proposed liner systems 

assuming long-term steady state conditions are summarized as follows: 

 Category 2/3 Waste Rock Stockpile: The proposed liner system for the Category 2/3 

Stockpile is estimated to provide an average annual leakage rate based on the 90th 

percentile of approximately 0.63 gal/acre/day prior to the stockpile being relocated to 

the East Pit; and 

 Category 4 Waste Rock Stockpile and Ore Surge Pile: The proposed liner system for 

these stockpiles is estimated to provide an average annual leakage rate based on the 90th 

percentile of approximately 0.18 gal/acre/day prior to the stockpile being relocated to 

the East Pit or removed. 

The calculated liner leakage rates listed above disregard the influence of the waste rock 

uptake potential. This is likely a conservative assumption that inherently overestimates liner 

leakage because the stockpile materials will be placed dry of the specific retention moisture 

content (also referred to as field capacity), which is the minimum moisture content required 

to overcome the gravimetric surface tension so that gravity drainage of precipitation to the 

bottom of the stockpile can occur (Reference (11)). The moisture content difference between 

the specific retention and the moisture content of the originally placed waste rock represents 

the quantity of water that is permanently lost due to moisture uptake by the waste rock. The 

quantity of water lost from uptake is not available on a bulk basis for drainage. In addition, 

uptake by the waste rock is expected to delay the onset of drainage from meteoric water 

through the waste rock due to the amount of time needed for "break-through" of the wetting 

front on a bulk basis. Hutchison and Ellison (Reference (12)) note that for waste rock placed 

at a moisture content below its specific retention value “... possibly even for several months 

or years, percolation will go toward raising the moisture content of the waste to levels at 

which leachate flow can ultimately occur.” It is anticipated that a minor percentage of 

“short-circuiting” may occur at stockpile boundaries, but the total waste rock uptake is likely 

to remain significant. For instance, 40 feet of material placed in a single lift with a 5% (by 

volume) uptake differential will need approximately one year for break-though, assuming no 

evaporation and runoff losses. Therefore, the overall stockpile will essentially behave as a 

“sponge” with the majority of the precipitation being permanently lost as uptake until the 

specific retention moisture content is reached. 

No operational water balance quantifying the permanent uptake for the stockpiles was 

conducted for this permit-level design, as the material characteristics required to define the 

required parameter have not been developed. In particular, to define the uptake potential, the 

expected moisture content of the materials placed on the stockpiles and their corresponding 

specific retention moisture contents are required. Limitations for on-site disturbance 

currently prohibit the collection of this data. Based on experience on other similar projects, 

the difference between the initial moisture content of the waste rock and its specific retention 

value is generally in the range of 1% to 5% by weight, depending on the material’s specific 

properties.  
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2.1.3.2.2 Foundation Settlement 

Compacted waste rock (i.e., Duluth Complex construction rock or BIF) and/or native soils 

will be used for foundation grading. The foundation soils may exhibit moderate settlement 

under the high-stress design conditions, as discussed in Section 6.1 of Reference (7). As a 

result, a LLDPE geomembrane or similar elastic polymer geomembrane will be used for the 

geomembrane barrier layer component of the liner system for the Category 2/3 and Category 

4 Waste Rock Stockpiles and Ore Surge Pile due to its reliability to accommodate high strain 

deformations. Foundation settlement and liner strain calculations are discussed in Section 6 

of Reference (7).  

Structural fill will dominantly consist of native till soils compacted to 95% of the maximum 

dry density as determined by the standard Proctor compaction test (ASTM D 698). When 

waste rock is used to develop the foundation grades, rock fill will be placed in controlled lifts 

and compacted in accordance with a specified rock fill compaction method. 

2.1.3.2.3 Overliner Drainage Layer Design 

The overliner drainage layer material will consist of crushed rock or processed gravel from 

on-site materials. The use of a crushed rock overliner has been a standard of practice for high 

stress mine waste applications for decades; e.g., crushed ore has been used extensively in 

high stress heap leach liner systems for mining applications for over 20 years. The overliner 

drainage layer provides a buffer to protect the geomembrane from damage during placement 

of the waste rock, from wildlife, and from the elements (e.g., UV radiation, wind, storm 

flows).  

The overliner drainage layer thickness for the OSP is different from the temporary waste 

rock stockpiles due to the potential for equipment to be operating on the overliner drainage 

materials while loading ore onto trains. The OSP requires a minimum overliner thickness of 

6 feet, which is based on liner stress computations conducted to accommodate the design 

criteria of 8 pounds per square inch (psi) maximum vertical stress on the liner from the 

anticipated mine equipment operating over the liner. The liner system stress calculations are 

provided in Attachment G.  

The overliner drainage layer contains a liquid collection piping network as shown on Details 

2 and 3 on Drawing SKP-035 of Attachment B. The preliminary layout of the overliner 

drainage network of piping are shown on Drawings SKP-017, SKP-023, and SKP-029 in 

Attachment B. The liquid collection piping design calculations are provided in 

Attachment H. 

2.1.3.2.4 Overliner Drainage and Underdrain Flows Collection 

The stockpile subgrades will be constructed to promote positive drainage of future stockpile 

drainage towards the lined Overliner Collection Sumps (Overliner Sumps). Locations of the 

Overliner Sumps are shown in Drawings SKP-017, SKP-023, and SKP-029 in Attachment B. 

Liner grades as shown in Drawings SKP-015, SKP-021, and SKP-027 have been designed to 
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minimize the number of Overliner Sumps at each stockpile. The Overliner Sump design is 

described in detail in Section 2.1.4 of Reference (8) and is shown on Large Figure 4 through 

Large Figure 6 of Reference (8).  

Underdrain flows will be collected in a series of unlined Underdrain Sumps that will be 

located directly adjacent to the Overliner Sumps, which are shown in Drawings SKP-015, 

SKP-021, and SKP-027 in Attachment B. An Underdrain Sump manhole design is shown on 

Detail 5 on Drawing SKP-035 of Attachment B. The Underdrain Sumps are designed to 

contain the 24-hour volume of consolidation water expelled from the pores of the underlying 

soils during the loading process. In addition, the Underdrain Sumps will collect shallow 

groundwater if intercepted by the underdrain piping network.  

Stockpile drainage collected in the Overliner Sumps is considered mine water and will be 

pumped to the Equalization Basin Area for conveyance to the WWTS (Section 2.1.4 of 

Reference (13)). Water collected in the Underdrain Sumps will initially be directed to the 

Overliner Sumps for conveyance to the Equalization Basin Area. It is anticipated that the 

water quality associated with the Underdrain Sumps will be the same as groundwater quality 

and will be of sufficient quality to direct off-site through the stormwater system. 

2.1.3.3 Stockpile Construction Quality Assurance Plan 

A Construction Quality Assurance (CQA) Plan has been developed for the stockpile 

construction and is provided in Attachment I. This plan outlines CQA procedures for the 

installation of the foundation and liner components of the temporary stockpile construction.  

This plan has been developed to assure that the construction of the soil and geosynthetic 

components are in compliance with the project specifications and to demonstrate that the 

regulatory requirements for the construction are achieved.  

The objective of the CQA Plan is to assure that the Contractor uses the proper materials, 

construction techniques, and procedures, and that the intent of the design is achieved. This 

plan also provides the means for resolution of problems that may occur during construction.  

The CQA Plan is independent of the quality control (QC) programs to be followed by the 

manufacturers, installers, and the Contractor. 

2.2 Overburden 

As noted in Section 1.0, overburden (about 4% of the excavated volume for pits and 

stockpile foundations) includes all unconsolidated material that overlies bedrock. 

Overburden excavated to access ore and waste rock and to construct stockpile foundations 

will be classified based on the physical and geochemical properties of the material, and will 

be used or disposed of based on the classification. 

2.2.1 Overburden Characterizations and Classification 

Based on work described in Section 4 of Reference (1), the overburden has been classified 

into three types, based on their physical and chemical characteristics:  
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1. Peat – this includes all organic soils.  

2. Saturated mineral overburden – this includes all mineral overburden (non-peat) that 

has remained below the water table, has not been oxidized, and can release metals 

when exposed to air and oxidized (referred to hereafter as saturated mineral 

overburden in this document).  

3. Unsaturated mineral overburden – this includes all mineral overburden (non-peat) 

located above the water table, including all topsoil. This material has been oxidized 

and has low potential for metal release (referred to hereafter as unsaturated mineral 

overburden in this document).  

The primary criteria for distinguishing between saturated and unsaturated mineral 

overburden will be the location of the water table.  

2.2.2 Overburden Storage and Laydown Area 

The Overburden Storage and Laydown Area (OSLA) will be located south of the West Pit 

and west of the RTH. This area will be used to screen, sort, and temporarily store peat and 

unsaturated mineral overburden for future use.  

The OSLA will be graded to facilitate drainage around storage and processing areas and to 

allow for storage and future use of unsaturated mineral overburden and peat. Grading of the 

site will direct drainage to an unlined mine water pond in the southwest corner. The OSLA 

will be unlined, but will be compacted sufficiently to support equipment operation in most 

areas of the site.  

2.2.3 Construction Uses of Overburden 

A significant amount of construction material will be required in the first few years of 

operation to develop the Mine Site. Construction material requirements change over time, but 

material will continue to be needed throughout the LOM for new and expanded haul roads, 

haul road maintenance, stockpile liners, and ancillary infrastructure.  The ability to use 

overburden as a construction material will be dependent on the application, the expected 

effect on surface and groundwater quality, and the availability of material relative to when it 

is needed.  

Table 2-6 provides the estimated overburden excavation requirements based on the current 

design of the stockpiles and pits. This table provides the best available estimate of actual 

excavation. These quantities were developed based on the depth to groundwater map 

(Large Figure 13) and depth to bedrock map (Drawing SKP-009 in Attachment B), both of 

which will be refined throughout the LOM, and have been developed based on drilling 

records, test pit logs, and monitoring well data collected at the site. The overburden 

excavation volumes for the pit footprints are based on stripping of overburden down to 

bedrock. The excavation requirements for the Category 2/3 and Category 4 Waste Rock 

Stockpile footprints and OSP footprint, however, are based on excavation down to the 

stockpile liner grades and the estimated removal of geotechnically unsuitable overburden 

(mainly peat and highly plastic clays) below liner grade, as necessary. The excavation 
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requirements for the Category 1 Waste Rock Stockpile footprint only include removal of 

geotechnically unsuitable material around the perimeter for long-term stability of the 

stockpile and the groundwater containment system. While current excavation quantity 

estimates are based on earthwork activities necessary to implement the design of stockpi les 

and pits, additional excavation will occur at targeted locations to remove unsaturated mineral 

overburden that can be used to meet future construction needs. This will be necessary for 

locations where access will be limited by mining activities in the future (e.g., within the 

eastern half of the Category 1 Waste Rock Stockpile footprint). Refinements such as this will 

occur on a real-time basis during construction.    

The depth to bedrock map (Drawing SKP-009 in Attachment B) is based on 2010 high 

resolution topographic mapping of the Mine Site and data collected from drilling, test pits, 

and geophysical surveys. The depth to groundwater map (Large Figure 13) is also based on 

this topographic map and data collected from drilling, test pits, and geophysical surveys. 

Table 2-6 provides the estimated volumes of overburden, by type, based on this information.   

Table 2-7 lists the proposed construction uses of saturated mineral overburden, which allows 

for an estimate of the approximate volume for disposal in the Category 2/3 and 4 Waste Rock 

Stockpiles or pits. The estimated saturated mineral overburden excavated for the stockpile 

and pit footprints is approximately 5.6 million cubic yards (MCY). The estimated 

construction applications listed in Table 2-7 will use approximately 2.3 MCY, assuming 

these uses are acceptable to the DNR in permitting. This analysis results in a saturated 

mineral overburden storage need between 3.3 and 5.6 MCY in the Category 2/3 and Category 

4 Waste Rock Stockpiles or directly in the East and Central Pits. 
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Table 2-6 Estimated Overburden Excavation Volumes 

Mine Feature 
Area 

(acres) 

Estimated Overburden Excavation Volume  
(bank cubic yards) 

Saturated 
Mineral 

Overburden 

Unsaturated 
Mineral 

Overburden Peat Total 

Ore Surge Pile 31 21,000 202,000 4,000 227,000 

Category 1 Waste 
Rock Stockpile(1) 

526(1) 0 0 220,500 220,500 

Category 2/3 Waste 
Rock Stockpile 

180 27,000 274,000 462,000 763,000 

Category 4 Waste 
Rock Stockpile(2) 

57 3,000 53,000 43,000 99,000 

West Pit 321 4,491,000 1,193,000 1,498,000 7,182,000 

East/Central Pits(2) 207 1,047,000 1,450,000 227,000 2,724,000 

TOTAL(2) 1,275(2) 5,589,000 3,172,000 2,454,500 11,215,500 

(1) The Category 1 Waste Rock Stockpile overburden excavation volumes include excavation of peat within 100 feet 
from the outer edge of the stockpile for stockpile stability.  The stockpile is 508 acres while active but will be re-
graded as part of reclamation, resulting in a final footprint of 526 acres. The 508-acre footprint was used to 
calculate excavation volumes within the 100-foot buffer for stockpile stability. The groundwater containment system 
will surround the final 526-acre footprint. 

(2) The Category 4 Waste Rock Stockpile footprint overlaps with the Central Pit footprint. The individual areas are 
greater than the total, which takes into account the overlap. The volumes listed for the East/Central Pits only 

include the volumes in excess of the Category 4 Waste Rock Stockpile . 



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 28 

 

 

Table 2-7 Proposed Construction Applications for Saturated Mineral Overburden 

Application Water Quality Rationale 
Estimated 

Cubic Yards(1) 

Stockpile Foundation Material Below 
the Water Table 

Operations: Overburden will remain below 
the water table.  

Closure: Overburden will remain below the 
water table. 

823,000 

Temporary Stockpile (Category 2/3 
and 4 Waste Rock Stockpile and Ore 

Surge Pile) Drainage Layer 

Operations: Water draining through this 
material will be collected and treated.  

Closure: This material will be removed prior 
to removal of the liner during stockpile 
reclamation.  

1,045,000 

In-Pit Haul Road Top Dressing 

Operations: Water contacting this material 
will flow into the pit and be collected and 
treated, or used to flood the East Pit.  

Closure: Any material remaining above the 
water table will be moved down below the 
water table within the pits. 

10,000 

Mine Water Sumps and Ponds Liner 
Cover Material 

Operations: Most of this material will be 
submerged; drainage through this material 
will be collected and treated.  

Closure: The liner will be removed from 
these ponds/basins. Mine water ponds may 
be reclaimed as wetlands, or will be regraded 
and revegetated; the liner cover material will 
be placed below the water level in the pits. 
The equalization basins will be reclaimed by 
re-grading and vegetating the areas, with 
liner cover material placed below the water 
level in the pits. 

49,000 

Soil Liner Below a Temporary 
Geomembrane Liner 

Operations: Geomembrane liner will prevent 
water from draining through this material.  

Closure: This material will be removed with 
the geomembrane liner during stockpile 
reclamation. 

421,000 

TOTAL N/A 2,348,000 

(1)  Estimated Cubic Yards are based on current designs; quantities can be expected to increase or decrease due to normal 
variability in site conditions typically encountered during construction and/or based on incremental adjustments to 
constructed earthwork infrastructure normally expected during construction. 

Due to the geochemical differences between the unsaturated mineral overburden, saturated 

mineral overburden, and peat, the use of the material will mainly depend on the potential 

impact to water quality. Based on the geochemical analysis to-date, the unsaturated mineral 

overburden can be used in most applications across the site as described below. Peat will be 
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used for reclamation activities. Saturated mineral overburden will only be used in specific 

applications as described in Section 2.2.3.1. 

Granite boulders are proposed to be segregated from other non-granitic boulders so they can 

be crushed and used as needed for haul road cover and railroad ballast. Granite boulders are 

distinguishable from other non-granitic rock types by their visible crystals of pink feldspar, 

white or grey quartz, and black mica. There is no horizontal banding in granite as would be 

visible in some sedimentary and metamorphic rock types, and most other rock types have 

uniform crystal size and color throughout the rock – very different from the speckled color 

and larger and variable grain size throughout granite. Granite is a commonly used 

construction material, so most people can identify it. Even soil-covered boulders, once 

scraped by a dozer or backhoe or washed clean by rainfall to expose a fresh surface can 

readily be identified and separated from other types of boulders. 

During Mine Site earthwork construction activities, backhoe and dozer operators will 

preferentially push and stockpile granite boulders for review and acceptance by the on-site 

construction observer. The operators will push the granite boulders into small discrete piles 

that will be “audited” by a construction observer with training and experience sufficient to 

identify granite by visual inspection. Non-granitic boulders will be marked for exclusion 

from the stockpile during subsequent loading of the boulders into trucks for hauling to the 

crushing plant. Boulders that are marked for exclusion will be incorporated for uses specified 

for saturated and unsaturated mineral overburden, independent of rock type, or placed within 

the appropriate waste rock stockpile based on type. No effort will be made to further 

characterize the boulder rock types other than for separation of granitic boulders.  

A flow diagram of overburden materials and waste rock through the entire LOM is shown in 

Large Figure 14. This allows for a visual representation of the flow of these materials being 

removed, stored, and used in construction applications. In addition to overburden movement, 

the use of Duluth Complex construction rock and borrow material needed for construction 

purposes, as well as excavated waste rock are also included in the schematic. 

As shown on Large Figure 14, borrow material may be required throughout the LOM for 

multiple applications. This will occur when the material requirements are not available from 

on-site sources, such as in the first year of the Mine Site development when Duluth Complex 

construction rock is not yet available or if there are times when there is a greater demand 

than supply of on-site construction materials. On-site borrow sources of unsaturated mineral 

overburden will be identified in upland areas or areas planned as future pit or stockpile 

footprints. In addition to on-site borrow areas, additional borrow sources have been 

identified for use, including the state-owned waste rock stockpile (Stockpile 2012) located 

approximately 5 miles west of the Mine Site along Dunka Road and the overburden and 

waste rock stockpiles from the inactive LTVSMC Area 5 east of the Tailings Basin 

(Large Figure 12). 
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2.2.3.1 Saturated Mineral Overburden  

Saturated mineral overburden will be used for DNR-approved construction applications. 

Potential construction uses, as listed below, include applications where it will be placed in a 

permanently saturated zone, above temporary membrane liners prior to ultimate disposal in a 

permanently saturated zone, or as the temporary stockpile soil liner immediately below the 

geomembrane liner. Potential quantities of saturated mineral overburden are shown in 

Table 2-6, and the proposed construction applications are described in Table 2-7. 

2.2.3.1.1 Stockpile Foundation Material Below the Water Table 

The foundations for the Category 2/3 and Category 4 Waste Rock Stockpiles and OSP 

require excavation of geotechnically unsuitable material (mainly peat and high plasticity 

clays) and replacement with geotechnically suitable material. The Category 1 Waste Rock 

Stockpile will also require excavation of some unsuitable material (peat and high plasticity 

clays) around the perimeter of the stockpile for long-term stability. The material used to 

backfill these excavations could be saturated mineral overburden if the fill will be placed 

below the water table and if the saturated mineral overburden is geotechnically suitable, or it 

could be other construction material meeting PolyMet’s selection criteria (Attachment F).  

2.2.3.1.2 Temporary Stockpile Drainage Layer 

The liner systems of the Category 2/3 and Category 4 Waste Rock Stockpiles and OSP 

include geomembrane liners and require a layer of material above the liner to facilitate 

drainage and protect the integrity of the liner during construction and decommissioning.  

Because water passing through these materials above the liner will be collected and 

subsequently treated, this material can be saturated mineral overburden or other construction 

material meeting PolyMet’s selection criteria (Attachment F).  

2.2.3.1.3 In-Pit Haul Road Top Dressing 

The primary material used for haul road top cover will be crushed rock; however, in-pit haul 

roads may have a top cover of select graded overburden (1-inch minus road aggregate). 

Because water flowing over or through the haul roads in the pits will be collected and treated 

during operations and submerged in reclamation, closure, or postclosure maintenance, 

saturated mineral overburden can be used as the top cover material for haul roads within the 

mine pits if it meets material specifications. If saturated mineral overburden is not used for 

this application, other construction material meeting PolyMet’s selection criteria will be used 

(Attachment F). 

2.2.3.1.4 Mine Water Pond and Equalization Basin Liner Cover Material 

Most of the mine water ponds and each of the equalization basins will have a geomembrane 

liner with a protective layer of material over the top. The protective layer may be constructed 

using one or both of saturated and unsaturated mineral overburden depending on material 

types and quantities available at locations near the feature being constructed. Because the 

liner cover material (protective layer over the liner) will remain perpetually saturated (and 
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water draining off this material during operations will be collected and treated), this layer 

can be constructed with saturated mineral overburden. During reclamation, mine water ponds 

will be cleaned out, liners will be removed, and the pond footprints will be reclaimed as 

wetlands or will be re-graded and vegetated. Material used to construct the mine water ponds 

will either remain in place as the saturated wetland substrate or be placed into the East or 

Central Pits for disposal. During reclamation, once the Equalization Basin Area is no longer 

necessary, the equalization basins will also be cleaned out, liners will be removed, liner 

cover materials will be placed in the East or Central Pit for subaqueous disposal, and the area 

will be reclaimed as wetlands or re-graded and vegetated. If saturated mineral overburden is 

not used in this application, other construction material meeting PolyMet’s selection criteria 

will be used (Attachment F). 

2.2.3.1.5 Soil Liner Below a Temporary Geomembrane Liner 

As described in Section 2.1.3.2, the Category 2/3 and Category 4 Waste Rock Stockpiles and 

OSP consist of, from top to bottom, a geomembrane liner over a compacted soil liner over a 

foundation underdrain system, if required. The purpose of the underdrain system is to 

prevent the development of excess foundation pore pressure below the liner. If required, the 

soil liner will be removed with the liner system and the underdrain system during stockpile 

reclamation. If saturated mineral overburden is not used in this application, other 

construction material meeting PolyMet’s selection criteria will be used (Attachment F). 

2.2.3.1.6 Other Potential Uses of Saturated Mineral Overburden 

As described earlier, saturated mineral overburden as a construction material will generally 

be limited to use in a permanently saturated zone, above a temporary membrane liner, or as 

the temporary stockpile soil liner immediately below the geomembrane liner. No other uses 

of saturated mineral overburden are proposed at this time. 

2.2.3.2 Unsaturated Mineral Overburden 

Unsaturated mineral overburden will be used as a general construction material at the Mine 

Site with some material temporarily stored in the OSLA. Specific uses will not be limited, as 

it will be used in any application requiring construction material.  In order to meet the 

required specifications for some of the construction materials, unsaturated mineral 

overburden may be screened and compacted during construction, but cobbles and boulders 

from this material will not be crushed with the exception of granite boulders, which may be 

used for haul road cover and railroad ballast. Excess unsaturated mineral overburden could 

be placed in the mine pits during reclamation to facilitate wetland development in the East 

and Central Pits or provide improved habitat for the West Pit lake. 

In locations where unsaturated mineral overburden depths are very thin, it may not be 

practical to excavate the unsaturated mineral overburden separately from saturated mineral 

overburden. In these cases, the excavated mixed soils will be treated as saturated mineral 

overburden.  
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2.2.3.3 Peat 

Peat will be used for restoration and reclamation activities at the Mine Site  or in off-site 

wetland reclamation activities. This may include the development of wetlands in the East and 

Central Pits and within the reclaimed temporary stockpile footprints. Peat will also be mixed 

with unsaturated mineral overburden to increase the organic content for reclamation across 

the Mine Site, including over the geomembrane cover of the Category 1 Waste Rock 

Stockpile. Excess peat will be stored in the OSLA until it is able to be used for reclamation. 

2.2.4 Disposition of Overburden Not Used for Construction  

Maximizing the use of overburden for construction is beneficial; however, not all of the 

overburden removed can be used for construction. Excess and unusable material will require 

storage for ultimate use or disposal. 

2.2.4.1 Saturated Mineral Overburden 

Saturated mineral overburden not used for construction will be commingled with the 

temporary Category 2/3 or Category 4 Waste Rock Stockpiles. These temporary stockpiles 

will be relocated to the East and Central Pits after Mine Year 11 and, wherever possible, 

wetlands will be developed on the space vacated as described in Section 2.2 of Reference 

(14). Saturated mineral overburden in the stockpile subgrade could be used as wetland 

substrate within the wetlands if permanently saturated. Otherwise, saturated mineral 

overburden used in the stockpile subgrade will be placed into the East and Central Pits for 

disposal.  

2.2.4.2 Unsaturated Mineral Overburden 

Unsaturated mineral overburden not initially used for construction will be stockpiled in the 

OSLA or temporarily in areas near its ultimate use. Any temporary stockpiles needed will be 

built on upland areas or areas planned as future pit or stockpile footprints. Unsaturated 

mineral overburden may also be placed in the temporary waste rock stockpiles for ultimate 

disposal in the East and Central Pits.  

2.2.4.3 Peat 

Peat not initially used for construction will be stockpiled in the OSLA or temporarily in areas 

near its ultimate reclamation use. Any temporary stockpiles needed will be built on upland 

areas or areas planned as future pit or stockpile footprints. If permanent stockpiles become 

necessary in the future, they will be built on upland areas with runoff collection similar to 

that planned for the OSLA until the area is adequately reclaimed, at which time runoff 

collection will cease. 
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2.3 Earthwork Balance 

Development of the Project will involve excavating, moving, and stockpiling waste rock and 

overburden. PolyMet has prepared an earthwork material balance (earthwork balance) for the 

Project, which is based on current data and will be updated and refined as more data are 

developed during operations. The earthwork balance includes movement of waste rock, 

overburden, and construction material. The earthwork balance was performed for both the 

Mine Site and the Plant Site.  

2.3.1 Mine Site Earthwork Balance 

Construction activities at the Mine Site will maximize, to the extent practical and 

permissible, the use of on-site excavated material. Potential on-site construction materials 

include saturated mineral overburden, unsaturated mineral overburden, Duluth Complex 

construction rock, and peat. Potential off-site borrow sources are anticipated to include BIF 

construction rock, and other materials that require specific gradations that are not available 

from on-site sources (e.g., drain rock). Materials used for construction, whether sourced from 

on- or off-site, will meet criteria designed to be protective of water quality. Procedures used 

for selecting material are described in Attachment F. 

The construction material types that have been identified associated with rock and 

overburden management at the Mine Site are identified on the permit application support 

drawings and include the following specifications, which will be refined in final design: 

6-inch Minus (Common Fill 1) – Non-organic overburden with a maximum particle size of 6 

inches (8-inch max. particle size when used as structural fill). 

Lateral Drainage Layer (3/8-inch Minus Rock, Fine Filter Aggregate) – silty sand or sandy 

overburden meeting the following requirements: 

 Top of Stockpile and Benches – gradation having 100% of particles less than 3/8-inch, 

rounded to sub-rounded particles and a compacted hydraulic conductivity of less than or 

equal to 1 x 10-3 cm/sec. 

 Stockpile Side Slopes – gradation having 100% of particles less than 3/8-inch, 

rounded to sub-rounded particles and a compacted hydraulic conductivity of less than 

or equal  1 x 10-2 cm/sec. 

Overliner Granular Drainage Material – crushed rock or processed gravel with a minimum 

hydraulic conductivity of 1x10-2 cm/sec at 190 psi and a gradation with a maximum of 6% by 

weight of particles passing the No. 200 sieve, 5 to 55% passing the No. 4 sieve, 70 to 100% 

less than 3/4 inch, and a maximum particle size of 1-1/4 inch. 

Riprap – MnDOT current material specifications for Class III, IV and V; D50 size ranging 

from 9 inch to 18 inch as appropriate to riprap classification and location-specific use.  
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Soil Liner 1 – on-site fine grained overburden with maximum 1.5-inch particle size, capable 

of being compacted to achieve an in-place hydraulic conductivity of less than or equal to 1 x 

10-6 cm/sec, 12 to 100% by weight of particles passing a No. 200 sieve, and 98 to 100% less 

than 1-1/2 inch particle size. 

Soil Liner 2 – on-site fine grained overburden with maximum 1.5-inch particle size, capable 

of being placed, moisture-conditioned and compacted to achieve an in-place hydraulic 

conductivity of less than or equal to 1 x 10-5 cm/sec, 12 to 100% by weight of particles 

passing a No. 200 sieve, and 98 to 100% less than 1-1/2 inch particle size.  

Underdrain Rock (Granular Drainage Material) – crushed rock or processed gravel with a 

minimum hydraulic conductivity of 1x10-2 cm/sec at 190 psi and a gradation with a 

maximum of 6% by weight of particles passing the No. 200 sieve, 5 to 55% passing the No. 4 

sieve, 70 to 100% less than 3/4 inch, and a maximum particle size of 1-1/4 inch. 

Lateral Drainage Layer (Granular Drainage Material) – granular overburden with Unified 

Soil Classification System (USCS) classification of SP or SM, capable of being placed to 

achieve an in-place hydraulic conductivity as specified for stockpile liner and cover. 

Vertical Percolation Layer (Unified Soil Classification – ML) – silty overburden, with 

organic content equal or greater than 3% for reclamation cover zone to be vegetated. 

General earthwork material movement for the Mine Site is presented on Large Figure 14. An 

earthwork balance, prepared to estimate material quantities and evaluate the movement of 

waste rock and overburden for the Mine Site for each of the material uses on 

Large Figure 14, was developed using the following process: 

1. Delineate boundaries between mineral overburden, peat, and bedrock based on the 

most up-to-date geological and geotechnical data available. 

a. Delineate the boundary between saturated and unsaturated mineral 

overburden using the most up-to-date estimate for groundwater levels 

b. Delineate the boundaries between ore and waste rock types using the most up-

to-date version of the Block Model    

2. Establish Project feature earthwork limits (horizontal and vertical)  

3. Perform cut/fill assessment for each Project feature (e.g., Dunka Road, Category 1 

Waste Rock Stockpile, Ore Surge Pile) 

a. Determine cut requirements and track quantities, by material type, for each 

Project feature 

b. Determine fill requirements and track quantities, by material type, for each 

Project feature 
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4. Assess and determine movement of each material type based on cut and fill needs 

a. Move cut construction materials to fill areas based on material type needs and 

availability 

b. Move cut construction materials not needed for fill to appropriate storage or 

disposal locations (e.g., OSLA, waste rock stockpiles) 

c. Move construction materials from storage or disposal locations to fill areas as 

needed 

d. Move excavated waste rock to waste rock stockpiles or to the East or Central 

Pits for in-pit disposal depending on the development stage of the Mine Site 

5. Sum quantities for cut and fill by material type and Project feature; track material 

movements for each Project feature (Large Figure 14)  

The steps above will be repeated as new data becomes available based on further 

geotechnical evaluations, detailed engineering design, and development of the construction 

schedule. AutoDesk Civil 3D (using the volume calculation module) and ESRI ArcGIS were 

used to generate the overburden, bedrock, and groundwater surfaces and to compute cut and 

fill volume estimates necessary to develop quantity estimates and evaluate material 

movement. Earthwork estimates account for swell and shrink of excavated and installed 

materials, respectively.  

Table 2-8 compares the estimated amount of unsaturated mineral overburden available from 

earthwork activities with the amount needed for construction during the construction phase 

(18 to 24 months prior to the start of operations) and during the LOM at the Mine Site. This 

table demonstrates that the Project contains sufficient overburden at the Mine Site for 

planned construction uses. As listed on Table 2-8, there are several areas that have been 

identified as potential borrow areas for unsaturated mineral overburden. Large Figure 15 

shows the potential on-site borrow sources included in this evaluation. Use of many of these 

borrow sources will require further geotechnical evaluation and may require additional 

permitting prior to their use (e.g., wetland, stormwater). 
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Table 2-8 Estimated Unsaturated Mineral Overburden Earthwork Balance 

Description 
Construction 
Phase (Cubic 

Yards) 

Total Mine Life 
(Cubic Yards) 

Estimated Volume of Unsaturated Mineral Overburden 
from Feature Footprints 

1,643,000 3,676,000(2) 

Estimated Volume of Unsaturated Mineral Overburden 
Needed for Construction 

1,436,000 3,885,000 

Excess Unsaturated Mineral Overburden +207,000 -176,000 

Additional Volume from Potential On-Site Borrow 
Sources(1) 

5,316,000 

(1) Additional volume from potential on-site borrow sources includes areas within the Mining Area boundary at the Mine Site 
where excavation is not currently planned for Mine Site feature construction. These areas could be excavated, with permit 
updates if necessary, for additional construction material. 

(2) Includes quantities for planned infrastructure, in addition to Mine features reported on Table 2-6. 

2.3.2 Plant Site Earthwork Balance 

The earthwork balance for the Plant Site is similar to that described for the Mine Site above. 

Key differences for the Plant Site earthwork balance are that a large volume of imported 

borrow material is required for Plant Site construction. Potential construction materials at the 

Plant Site are anticipated to include overburden, LTVSMC tailings, BIF construction rock, 

and other off-site materials that require specific gradations that are not available from on-site 

sources. Procedures used for selecting material are described in Attachment F. General 

earthwork material movement for the Plant Site is presented on Large Figure 16.  
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3.0 Geotechnical Modeling Outcomes  

To support the permitting-level engineering designs, global stability analyses were 

completed to evaluate stockpile stability under static and pseudo-static (i.e., earthquake 

loading) conditions. The geotechnical evaluations completed for the NorthMet stockpile 

designs are documented in the Geotechnical Data Package Volume 3 (Reference (7)) with 

stockpile geotechnical modeling methods and results presented in Section 6.0 and 

Attachment I of Reference (7) and summarized below. The conclusion of the geotechnical 

evaluation is that the stockpiles with the proposed configurations are expected to meet or 

exceed the following minimum factors of safety:  

 long-term (effective stress) operational static factor of safety for deep-seated failures 

(waste rock mass thickness in excess of 30 feet):  1.3. 

 short-term (total stress) operational static factor of safety for deep-seated failures 

(waste rock mass thickness in excess of 30 feet):  1.1. 

 composite slope (effective stress) pseudo-static factor of safety:  1.0. 

 composite slope static factor of safety at closure:  1.5. 

 composite slope pseudo-static factor of safety at closure:  1.1. 

 design earthquake peak ground acceleration (PGA) (operations and closure):  0.05 g 

(g being the acceleration due to Earth’s gravity) with a return period of approximately 

500 years. The PGA for the Mine Site is approximately 0.05 g using the FEMA maps 

(Reference (15)) for the spectral accelerations with a 10% probability of exceedance 

in 50 years. 

A Phase II geotechnical evaluation will be implemented prior to the initial stockpile 

construction to verify the geomembrane/soil interface strength parameters, foundation and 

stockpile material parameters, and to confirm the stockpiles’ factors of safety. 
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4.0 Operating Plan  

4.1 Waste Rock  

4.1.1 Determining Ore/Waste and Waste Category 

Proper identification and separation of the ore from the waste rock, and classification and 

separation of waste rock are critical to the operation of the mine. Rock sampling will be 

conducted to continually confirm the location of the ore and waste rock as well as the waste 

rock category. The Block Model, which estimates the location of ore and different types of 

waste rock, will be updated as new information is available to further delineate the 

boundaries between ore and the different waste rock categories. This Block Model will be 

used by the mining engineers to continually refine mining activities. This process is 

illustrated in Figure 4-1 and described in more detail in this section. The Block Model will 

also be used in the GPS Mine Dispatch System to guide excavation and track each truck load 

of ore and rock. The Block Model is further described in Attachment A. 

 

Figure 4-1 Ore and Waste Rock Categorization Sequence 

4.1.2 Update Block Model Based on Core Drilling 

Additional core drilling will be completed as mining progresses. The information resulting 

from this drilling will be used to refine the Block Model to continually confirm ore and 

waste rock contacts and evaluate sulfur grade to classify waste rock into categories. The new 

% S Data from Drill 
Hole Assays 

Infill/Reserve 
Replacement Drilling 

Pre-Mining 
Phase 

Continually Updated 3D 
Block Model 

Blast Hole Cuttings and 
Blast Rock Assays 

Daily Geologic Field 
Mapping by Site Geologist(s) 

Mining 
Phase 

Initial 3D Block Model 



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 39 

 

 

drill core information will be incorporated into the Block Model using the process described 

in Attachment A and summarized below. 

The ore body and waste rock are represented as three dimensional (3D) blocks in the Block 

Model. The Block Model represents the land area as a grid with various layers at depth 

forming the 3D blocks. Each block is located by a latitude, longitude, and depth. The model 

is populated with assay data from drill cores, and data are extrapolated to estimate the 

chemical content of all blocks. Every pit location is covered by a 50 foot long, 50 foot wide, 

and 20 foot deep block. The blast hole spacing for block model refinement will be less than 

the 50 foot by 50 foot horizontal dimensions of the Block Model, with preliminary spacing 

provided in Table 2-1 of the NorthMet Project Mine Site Blasting Plan (Reference (16)). As 

additional assay data becomes available, the Block Model is updated to improve chemical 

content estimates.    

An example cross-section from the Block Model showing the distribution of waste rock 

categories around the ore zones with the location of drill cores is shown in Figure 4-2.  

 
1 Drill Cores 
2 Block Size: 50x50x20 feet  
3Above Sea Level 

Figure 4-2 Example Distribution of Waste Rock Categories 

Currently the Block Model uses data from approximately 38,000 assays. More than 150,000 

additional assay results from new, reserve replacement core drilling and blasthole cuttings 

are anticipated to be added to the Block Model as mining progresses. The exact number of 

additional assays will be determined using variography analyses to determine appropriate 

spacing between sample locations. However, as a preliminary estimate, approximately 
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280,250 blast holes are anticipated to be required for the Project. At the start of operations, 

every blast hole will be assayed. As mining progresses, assaying will be conducted less 

frequently. Assuming, for example, that half of the blast holes are assayed, plus an additional 

25% for bench grade and boundary definition within individual blocks, that would equate to 

over 175,156 additional assays. 

4.1.3 Blasthole Drill Cuttings Sample 

Production blastholes allow for additional data collection to confirm and refine the Block 

Model. When rock units allow, blast pattern limits can be established such that blasting only 

occurs in one rock type. Blasthole drill cuttings will be sampled and analyzed for metals and 

sulfur. Analysis will be done at an on-site or local laboratory to provide the turnaround 

necessary to be able to use the data for operational mine planning in a timely fashion. 

4.1.4 Geologist Observations and Random Sampling 

On-shift field geologists will make observations of the mining face, mapping the pit walls 

and fragmented rock. Geologic mapping efforts during mining may reveal visual field 

indicators of different waste rock types and improve the field verification methodology. In 

addition to sampling of blasthole drill cuttings, the field geologists will also randomly 

sample the mine face as an aid to confirming the geologic mapping. They will provide 

reports to mine planners and provide direction during mining. 

4.1.5 Refined Data at Mining Face 

Mine planners will use the updated Block Model, blasthole drill cutting analysis, blast rock 

sampling data, and geologist’s observations to continually refine the mapping of ore, sulfur 

grades, and boundaries at the mining face. These refined grades and boundaries will be the 

best available representation of ore and waste rock category and will be used to continually 

refine the delineation of ore and waste rock categories as mining progresses. These 

boundaries will be surveyed and monitored for movement during blasting.  

4.1.6 Mine Management/Dispatch System 

The fleet of mining equipment will be equipped with a mine management system, which is 

frequently referred to as a Dispatch System. The purpose of the mine management system is 

to monitor and control mining equipment to achieve quality and production targets, 

maximize production, efficiently utilize equipment, increase equipment availability , and 

improve maintenance practices. Mine management systems are computerized systems that 

utilize technologies such as GPS and wireless communication systems. Mining equipment 

such as drills, front end loaders, excavators, haul trucks, bulldozers, rubber tired dozers, 

motor graders, and water trucks are equipped with operator interface panels which enable the 

equipment operators to communicate with a centralized Mine Management or Dispatch 

Center. The system tracks production statistics such as cycle times, number of loads or tons , 

and load origin and destination. The system also utilizes the GPS on equipment to locate 

loading units in ore and waste rock blasts and to assign destinations for haul trucks based 

upon the type of material being loaded (additional details are provided in Section 4.1.6.3).  
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4.1.6.1 GPS Location System 

GPS is an integral component of any Mine Management/Dispatch System. High precision 

GPS is installed on excavators and loaders to establish their position when loading trucks. 

High precision GPS can also be installed on rotary blasthole drills to establish the location of 

blastholes. If the drills are not equipped with high precision GPS, blasthole locations can be 

surveyed using high precision surveying equipment. Haul trucks are equipped with GPS so 

their movement between the loading unit and the destination can be tracked.  Auxiliary 

equipment such as bulldozers, rubber tired dozers, motor graders and water trucks can also 

be equipped with GPS so their locations are known and their movements can be tracked. 

Bulldozers and other equipment used for construction of roads, stockpiles, and ramps utilize 

GPS for establishing and maintaining proper elevations, grade control, and direction.  

4.1.6.2 Linking Excavator Location to Mine Face 

As noted in Section 4.1.5, ore and sulfur grades will be continuously refined. This will aid in 

the continuous confirmation and refinement of boundaries of ore and waste rock categories. 

The boundaries of the ore and waste rock categories are the excavation limits for each type of 

material. The digital file of the excavation limits, as extracted from the Block Model, will be 

loaded onto the interface screen in the equipment (i.e., shovel or front end loader) working 

the blasted material. The GPS receiver in the equipment will show the location of the loading 

device on the interface panel relative to the excavation limits.  Haul trucks will be loaded 

with a single rock type (e.g., ore, Category 1 waste rock, Category 4 waste rock). The Mine 

Management System will then dispatch the haul truck being loaded to the correct location, 

either the RTH, OSP, or specific waste rock stockpile, based on the location of the loading 

equipment. The system recognizes the material that is being dug by its location and assigns 

the haul truck to the correct destination.  

4.1.6.3 Tracking Load to Destination 

The GPS and radio communication functions of the Mine Management/Dispatch System 

enable truckloads of ore or waste rock to be tracked from the source, which is a loading unit 

such as a shovel or front end loader, to the destination, which is typically the RTH, OSP, 

OSLA, waste rock stockpile, or pit backfill. The system has the capability of establishing a 

destination for each material type. If the loading unit is located in ore, the destinations for the 

haul trucks loaded at that location will be the RTH or the OSP. The same applies to a loading 

unit located in a waste rock blast; the destinations for haul trucks loaded at that location will 

be the appropriate waste rock stockpile. The system also has the capability to recognize if a 

haul truck load is not travelling to the proper destination for the material being hauled. If the 

system recognizes that a load is going to the incorrect destination, an alarm will sound and a 

message will be sent to the truck driver, mine operations supervisor, and dispatcher alerting 

them that the load is travelling to the wrong destination. 
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4.1.6.4 Data Retention 

The Mine Management/Dispatch System collects and retains information such as cycle times, 

delay times, production, productivity, quality, and GPS locations. This information is 

analyzed to correlate plant performance with ore delivered for analyzing equipment 

performance and statistical reporting. Historical data from the Mine Management/Dispatch 

System will be retained for future analysis, review, and reconciliation. The data will be 

stored or exported in a common format (e.g., ASCII flat file, spreadsheet). 

4.1.6.5 Category 1 Waste Rock Stockpile Confirmation Sampling 

Because the Category 1 Waste Rock Stockpile is a permanent feature at the Mine Site, a 

confirmation sampling program will be used to verify that this stockpile is appropriately 

composed of Category 1 waste rock (%S ≤ 0.12). A confirmation sampling program was 

developed for the Category 1 Waste Rock Stockpile based on an incremental sampling 

methodology using a statistical design published by the Interstate Technology & Regulatory 

Council. ITRC, a public-private coalition, provides guidance on utilizing technology and 

standards in the environmental decision-making framework. This sampling program was 

developed based on the size and volume of material in the final planned stockpile, to collect 

a statistically significant number of samples for the confirmation. During operations, samples 

will be collected in a grid pattern (i.e., 500 feet x 500 feet x 40 feet grid cells) along each lift 

of the stockpile. Three composite samples will be collected within each cell, each containing 

30 rocks ranging from 0.5 to 6 inch diameter. These three composite samples will be 

analyzed to generate three average %S values to confirm that the rock within each cell is 

equal or less than 0.12 %S. This sampling plan will be coordinated with the construction 

plan, so if test results show that the average sulfur content within any single grid cell exceeds 

0.12%, material in that cell can be excavated. A similar grid sampling technique was used by 

Flambeau Mine in Wisconsin for sampling of their different types of waste rock in 

reclamation prior to pit backfill (Reference (17)).  

4.2 Overburden 

4.2.1 Determining Overburden Classification 

The key differentiator between saturated mineral overburden and unsaturated mineral 

overburden is the location of the water table. Secondary criteria, such as visual color 

differences that have been observed, may be developed in the future based on the results of 

sampling analyses and construction observation.  

Groundwater elevations have been monitored across the Mine Site since 2005 as described in 

Section 4.3 of Reference (10). The magnitude of temporal groundwater elevation fluctuation 

varies across the Mine Site, but the overall variation in water levels observed in a single 

monitoring well is typically less than 4 feet. In general, water levels rise in spring and early 

summer in response to snowmelt and rainfall, and then decline in late summer and fall with 

the lowest water levels observed during the winter. Given the limited fluctuation, the water 
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table contour map for the Mine Site is considered to have adequate accuracy throughout most 

of the year for planning purposes. See Section 4.3 of Reference (10) and Section 4.3 of 

Reference (14) for more detail on groundwater fluctuation.  

Digital maps of the surficial water table will be developed annually for the area planned for 

overburden removal the following year based on historic water level data (where available), 

test pits (to verify the depth to the water table in the construction areas), construction 

observations, and continued water table monitoring. These maps will be uploaded into the 

GPS system of the excavators prior to removal of overburden so that operators will know the  

excavation elevation that establishes the interface between saturated and unsaturated 

overburden. Unsaturated mineral overburden will be removed from a working area first, and 

then the saturated mineral overburden will be excavated separately for proper storage.  

Dewatering of some areas may occur prior to or concurrent with excavation. However, 

dewatering will not affect the elevation selected as the interface between saturated and 

unsaturated material will be fixed by any historic water level data available, findings from 

test pits and any nearby monitoring wells, and other observations made prior to the initiation 

of dewatering activities. 

Visual monitoring during excavation will be performed to confirm actual groundwater 

elevations at the time of excavation. Real-time visual monitoring will be provided by an 

engineer, geologist, or other qualified person capable of interpreting the excavation plan and 

of distinguishing between saturated and unsaturated zones. This qualified person will 

visually survey the site and excavation activities and will compare observations with 

excavation designs to confirm whether any adjustments to excavation elevation are 

warranted. The water table elevation at the time of observation and excavation will be one of 

several factors that control final delineation of saturated from unsaturated mineral 

overburden. Historic water level data collected in the immediate vicinity, when available, 

will carry greater weight in establishing the delineation between saturated and unsaturated 

mineral overburden.    

4.2.2 Tracking Saturated Mineral Overburden Loads to Destination 

Saturated mineral overburden loads will be tracked either through paper or electronic 

tracking, depending on the operator and equipment. When PolyMet-owned equipment is 

being used for saturated mineral overburden removal, the load tracking will be electronic. As 

described in Section 4.1.6, mine equipment (shovels, excavators, and haul trucks) will have 

GPS systems, which will track equipment movements from shovel to destination 

(construction use, stockpile, pit, etc.). The GPS system in each piece of equipment will be 

integrated with the Mine Management/Dispatch System. 

When the saturated mineral overburden is being removed by contractors, GPS systems may 

not be available. If a GPS system capable of downloading load tracking is not available in 

their equipment, truck operators will log analogous data on a daily log sheet. The daily log 

sheets will be entered into a computer spreadsheet daily.  
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The combination of these methods will create a computerized record of saturated mineral 

overburden movement through the LOM.  

4.2.3 Data Retention 

As described in Section 4.2.2, the daily log spreadsheet and Mine Management/Dispatch 

System will retain saturated mineral overburden movement tracking information until the 

Project is closed. 

4.2.4 Unsaturated Mineral Overburden Confirmation Sampling 

Unsaturated mineral overburden is relatively uniform with respect to chemical make-up, and 

the geochemistry is well characterized as a result of sampling and testing completed to date. 

Results indicate that it does not produce acidic drainage and does not present an elevated risk 

compared to typical local construction materials. Based on discussions with DNR, additional 

confirmation sampling is not necessary for unsaturated mineral overburden at the Mine Site. 
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5.0 Monitoring 

Proper long-term management of the Mine Site will depend in part on a systematic 

monitoring program that will be finalized in permitting. As operations proceed, the 

monitoring program will be updated as required. 

5.1 Water Quantity and Quality of Stockpile Drainage and Underdrain Flows 

Monitoring will be used to determine Project compliance with permits, improve model 

accuracy, identify potential causes of changes to water quality or quantity, and identify 

options, if necessary, to adapt the Project to maintain short-term and long-term compliance. 

The proposed water quality and quantity monitoring plans that are associated with the 

various permits and regulations applicable to mining operations are being developed as part 

of each permit application process. The specifics of monitoring for the Project, including the 

specific locations, nomenclature, frequency, and parameters, have been outlined in the permit 

applications, and will be finalized during each applicable permitting process. 

5.2 Stockpile Monitoring 

The waste rock stockpiles will be monitored as follows: 

 Placement verification monitoring – This type of monitoring will be performed daily to 

verify proper placement and amounts of material into the appropriate stockpile. With the 

exception of Category 1 Waste Rock Stockpile confirmation sampling, this will be based 

on the Mine Management/Dispatch System tracking, as described in Sections 4.1.6 and 

4.2.2.  

 Category 1 Waste Rock Stockpile confirmation sampling – This type of monitoring is 

described in Section 4.1.6.5 to verify the sulfur content of the material in the stockpile. 

 Survey monitoring – This type of monitoring will verify that the stockpile is built to the 

lines, grades, and slope as designed. 

 Stability monitoring – PolyMet will use a combination of visual inspection and surveying 

to monitor the stockpiles for any irregular or unusual movements, including significant 

settling.  

 Drainage monitoring – Surfaces will be regularly checked for water seeps and erosion; 

pipes and sumps will be checked for blockage; and outslopes will be checked for 

presence of seeps and material displacement. 

The above information will be developed and/or reviewed by on-site personnel and tracked 

in Project files.  
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6.0 Reporting and Adaptive Management 

Adaptive management is a system of management practices based on clearly defined 

outcomes and monitoring requirements to determine if management actions are meeting the 

desired outcomes; and, if not, implementing changes that will best enable outcomes to be met 

or re-evaluated. Adaptive management recognizes the uncertainty associated with estimates 

based on exploration drilling for a 20-year LOM. Adaptive management measures will be 

developed through the Environmental Review process, permitting, and during construction, 

operations, reclamation, closure, and postclosure maintenance to define when changes are 

needed. 

A key component of adaptive management for water is the Adaptive Water Management 

Plan (Reference (13)) that describes adaptive engineering controls that manage water quality 

and quantity. Fixed engineering controls (liners, groundwater containment systems, etc.) are 

described in this plan and other management plans. Contingency mitigations that could also 

be applied, if needed, are also described in the applicable management plans (Rock and 

Overburden Management Plan, Water Management Plan – Mine (Reference (8)), Water 

Management Plan – Plant (Reference (18)), Flotation Tailings Management Plan 

(Reference (19)), and Residue Management Plan (Reference (20)). 

6.1 Reporting 

The NPDES/SDS permits and the Water Appropriation permits will require and define 

routine water quality and quantity reporting and annual reports. The content required for 

those reports will be defined in those permits. 

The annual PTM report will compare the annual actual mined tonnages of ore and waste rock 

by category to the annual tonnages noted in the PTM application and the tonnages planned in 

the previous years’ PTM report. The tonnages planned for the next year will also be reported 

in the annual PTM report.  

The annual PTM report will include cross-sections and maps of actual stockpile footprints as 

well as those planned for the next year. These will be compared to the cross-sections and 

footprints noted in the PTM application and the footprints and cross-sections planned in the 

previous annual PTM report.  

6.2 Adaptive Management 

The main uncertainty associated with infrastructure outlined in this management plan is the 

uncertainty in the total volume of waste rock and saturated mineral overburden to be stored 

in the temporary waste rock stockpiles. Because the temporary Category 2/3 Waste Rock 

Stockpile and the temporary Category 4 Waste Rock Stockpile will store the Category 2, 3, 

and 4 waste rock in addition to the saturated mineral overburden, sufficient storage volume is 

necessary to hold these materials until the East Pit is available for direct disposal.  Table 6-1 

outlines the total capacity of each temporary stockpile, and Table 6-2 lists the estimated 



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 47 

 

 

waste rock volumes to be excavated based on Table 2-2 and the estimated volume of 

saturated mineral overburden to be excavated as shown in Table 2-6. 

Table 6-1 Temporary Waste Rock Stockpile Capacity 

Mine Feature 
Planned Capacity(1) 

(cubic yards) 
Maximum Capacity(2) 

(cubic yards) 

Category 2/3 Waste Rock 
Stockpile 

23,169,000 31,895,000 

Category 4 Waste Rock 
Stockpile 

3,267,000 7,895,000 

Total Capacity 26,436,000 39,790,000 

(1) The volume of waste rock is based on mass listed in Table 2-2 with a density of 1.9 tons per cubic yard 
(Reference (7)).  

(2) The maximum capacities in this table are the maximum capacities presented on Table 2-3, converted to cubic yards 

with a density of 1.9 tons per cubic yard. 

Table 6-2 Excavation Volumes for Temporary Waste Rock Stockpile Storage 

 

Category 2/3 
Waste Rock(1) 
(cubic yards) 

Category 4 
Waste Rock(1) 
(cubic yards) 

Saturated 
Mineral 

Overburden(2) 
(cubic yards) 

Total Volume 
(cubic yards) 

Excavation Volumes 23,169,000 3,267,000 5,589,000 32,025,000 

(1) The volume of waste rock is based on the mass listed in Table 2-2 with a density of 1.9 tons per cubic yard 
(Reference (7)).  

(2) The volume of saturated mineral overburden is provided in Table 2-6 and assumes, as a worst case scenario, that 
all saturated mineral overburden will be stored in the temporary stockpiles rather than used for construction uses 

listed in Section 2.2.3.1. 

In addition to the uncertainty associated with the temporary waste rock stockpiles, there is 

also some uncertainty in the ability of the East and Central Pit to store all the Category 2, 3, 

and 4 waste rock, some Category 1 waste rock, and the excavated saturated mineral 

overburden not used in permanent construction applications. Once mined, the East and 

Central Pits have a combined capacity of approximately 78 million cubic yards.  As shown on 

Table 2-2, there will be approximately 140 million tons of waste rock to be disposed in the 

East and Central Pits, which equates to approximately 74 million cubic yards of waste rock, 

yielding an unused pit capacity of 4 million cubic yards. In addition, there will be 

approximately 5.6 million cubic yards of saturated mineral overburden, as shown in 

Table 6-2. Approximately 2.3 million cubic yards of saturated mineral overburden has been 

identified for construction uses, as discussed in Section 2.2.3.1. If at least 1.6 million cubic 

yards of saturated mineral overburden cannot be used for construction purposes, there may 

be a shortage of storage capacity in the East and Central Pits.  
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One potential mitigation for insufficient storage capacity in the East and Central Pits will be 

to dispose of some of the waste rock or saturated mineral overburden in the West Pit in areas 

where mining has ceased and potential pit expansion will not be compromised. 

6.3 Annual Comparison to Plan 

Each year a plan comparison will be completed, as required for the PTM, to keep this 

document current and to help track changes in the mine plan, rock schedule, and 

characterization of the material. 

6.4 Waste Characterization Update 

Updated mine waste characterization data will be included in the annual report required as 

part of the PTM. In addition, the annual report will include characterization of new rock 

types or formations encountered during the previous year. This will include: 

 description of new rock types or formation encountered  

 information on methods utilized for management of the rock (e.g., processed as ore, 

stockpiled as waste rock) 

 general mineralogical description with potential for acid generation and/or release  of 

weathering products 

 waste rock characterization, in accordance with Minnesota Rules, part 6132.1000 

 potential effects to the approved mining and reclamation plans 

6.5 Annual Compliance Report 

An annual compliance report will be developed each year for submittal to the DNR to 

comply with the PTM requirements. Reporting is as described in Section 6.1. 
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7.0 Stockpile Reclamation  

Stockpile reclamation includes progressive reclamation activities that will begin during 

operations and continue into the reclamation phase. 

7.1 Category 1 Waste Rock Stockpile 

Reclamation of the permanent Category 1 Waste Rock Stockpile will be progressive starting 

in Mine Year 14, and the stockpile is expected to be fully reclaimed by the end of Mine 

Year 21 in order to minimize exposure of the waste rock and the amount of mine water 

generated from the stockpile. The planned mining schedule has the waste rock and 

overburden in the temporary waste rock stockpiles being relocated to the East Pit in Mine 

Years 11 to 19; therefore, no progressive reclamation is required on the temporary stockpiles.  

7.1.1 Progressive Reclamation 

The Category 1 Waste Rock Stockpile will be reclaimed in increments after material is no 

longer being placed in those portions of the stockpile. This progressive reclamation will 

minimize erosion of the outer slopes, promote postclosure maintenance land use, and 

minimize the need for active site care and maintenance during the postclosure maintenance 

phase. Prior to construction of the stockpile cover system, the stockpile surfaces will be 

graded for long-term stability, to promote vegetation growth and erosion control, and to 

develop a surface drainage network over the stockpile.  

7.1.2 Stockpile Cover System  

An engineered geomembrane cover system will be constructed over the Category 1 Waste 

Rock Stockpile to minimize the flow of precipitation into the stockpile, thus reducing the 

load of constituents to the West Pit during reclamation, closure, and postclosure 

maintenance. The Category 1 Waste Rock Stockpile Cover System is detailed in Section 3.0 

of Reference (13). Construction of the cover system includes stockpile re-grading and 

construction of surface water controls (surface water channels and downchutes), as described 

in Section 3.0 of Reference (13). Surface water management details for the stockpile cover 

and accompanying calculations are included as Attachment J. 

7.2 Groundwater Containment System 

As the Category 1 Waste Rock Stockpile is progressively reclaimed with the geomembrane 

cover system, the corresponding sections of the mine water ditch will be filled, and the clean 

surface water runoff will be routed to the stormwater ditch, as shown on the typical sections 

on Drawing GCS-011 of Attachment C and portrayed on Figure 7-1. The groundwater 

containment system vertical pipe risers will be extended to finished cover grade to provide 

access for pipe cleanout as shown on the typical sections on Drawing GCS-011 of 

Attachment B. The groundwater containment system will remain fully functional during and 

after reclamation. 
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Figure 7-1 Conceptual Representation of Category 1 Stockpile Groundwater Containment 
System – Reclamation and Long-Term Conditions Cross-Section 

7.3 Temporary Category 2/3 and 4 Waste Rock Stockpiles 

As discussed in Section 2.1.3, the temporary waste rock stockpiles are the Category 2/3 and 

Category 4 Waste Rock Stockpiles. The material in these waste rock stockpiles will be 

relocated to the East and Central Pits, after these pits are each mined out or exhausted, and at 

that time, the footprint of each of the stockpiles will be reclaimed. After removal of the 

material from these stockpiles, the stockpile footprints, adjacent access roads and associated 

disturbed areas around the stockpile perimeters will be reclaimed with a growth medium, if 

needed, followed by seeding and planting.  

7.3.1 Waste Rock Relocation to Pit 

Once mining in the East Pit is completed, Category 2, 3, and 4 waste rock mined from the 

West and Central Pits will be hauled directly to the East Pit for disposal.  At that time, the 

material in the Category 2/3 and Category 4 Waste Rock Stockpiles will also be hauled to the 

East Pit for final subaqueous storage. The movement of rock from the stockpiles will be 

timed to allow complete relocation of the material (waste rock and overburden) in the 

Category 4 Waste Rock Stockpile first, followed by relocation of the material from the 

Category 2/3 Waste Rock Stockpile. The Category 4 material is expected to be relocated in 
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Mine Year 11 (approximately 6.2 million tons). The Category 2/3 Waste Rock Stockpile is 

larger, holding approximately 44 million tons, and is expected to be completely relocated by 

the end of Mine Year 19.  

7.3.2 Reclamation of Temporary Waste Rock Stockpile Footprints 

Once the waste rock and overburden are completely relocated from the temporary stockpiles 

to the East and Central Pits, the stockpile bases, which include the overliner drainage system, 

liner system, underdrain system, if required, and portions of the foundation, will be 

disassembled for reclamation of the footprint. Generally, pipes, liners, and pumps will be 

removed and the footprint of the stockpile will be reclaimed.  

For the Category 2/3 Waste Rock Stockpile, wetlands will be restored or created where the 

hydrology and soil conditions exist to support their development. Approximately 60 acres of 

wetlands have been identified within the Category 2/3 Waste Rock Stockpile footprint.  

Wetlands could be developed in areas that were wetlands prior to the start of stockpile 

development, as well as in additional areas where the stockpile load has depressed the soils 

enough that wetland hydrology can be established from prior upland areas.  The plan for 

development of wetlands within these areas will likely include grading, the addition of soils 

as needed, and wetland plant propagation. The ultimate goal in reclamation and development 

of wetlands within the former stockpile footprint will be to provide drainage and reintegrate 

the area into the natural watershed. For portions of the footprint that cannot be converted to 

wetlands, the surface will be scarified or soil will be placed over the reclaimed foundation, if 

needed, followed by seeding.  

Once the liner system from the Category 4 Waste Rock Stockpile is removed, stripping for 

the Central Pit can begin. The Central Pit stripping area almost entirely encompasses the 

footprint of the Category 4 Waste Rock Stockpile. The small area outside the Central Pit will 

be reclaimed by scarifying the surface or by placing a soil layer and seeding.  
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12/06/10 3 Change in formatting and organization 
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Significant changes to incorporate project changes related to the decisions 
made in the AWMP Version 4 and 5. These project changes include the 
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Stockpile, the use of long-term mechanical treatment, and the potential for 
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Remove reference to forecast of annual estimates for contingency closure in 
Sections 1.2 

Update Section 2.1.1 method of rock categorization 
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Update Section 2.2.4.3 for timing of runoff collection 

Fill in Section 3.0 
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Update Section 7.1.2.2 and 7.2.2 to remove reference to mitigation wetlands 
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1/20/2015 7 
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in Sections 2.1.2.3, 3.0, and 6.5. 
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to Mine Application and to make the ROMP consistent with other parts of 
Version 2 of the Permit to Mine Application. Highlighted changes include: 

 Updated / clarified construction material descriptions (global update) 
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Changes were made to address agency comments on Version 2 of the Permit 
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Version 3 of the Permit to Mine Application. 

  



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 55 

 

 

References 

1. Poly Met Mining Inc. NorthMet Project Waste Characterization Data Package (v12). 

February 2015. 

2. Day, Stephen, SRK Consulting Engineers and Scientists; Rich Patelke, PolyMet; 

Nancy Dent, Barr Engineering Co. Memo to Stuart Arkley, MDNR re: Overburden 

Geochemical Characterization Plan in Support of EIS - DRAFT NorthMet Project. February 

22, 2008. 

3. Jennings, C.E. and Reynolds, W.K., Minnesota Geological Survey.  Quaternary 

Geology of the Mesabi Iron Range, Minnesota. Miscellaneous Map M-164. s.l. : Minnesota 

Geological Survey. Retrieved from the University of Minnesota Digital Conservancy, 

http://purl.umn.edu/58160, 2005. 

4. Olcott, P. G. and Siegel, D. I. Physiography and Surficial Geology of the Copper-Nickel 

Study Region, Northeastern Minnesota: U.S. Geological Survey Water-Resources 

Investigations Open-File Report 78-51. 1978. 

5. Golder Associates. Recommendations for NorthMet Open Pit Rock Slope Designs - 

NorthMet Mine Project (RS09). June 2006. 

6. Barr Engineering Co. Hydrogeology of Fractured Bedrock in the Vicinity of the 

NorthMet Project (v3). December 2014. 

7. Poly Met Mining Inc. NorthMet Project Geotechnical Data Package Vol 3 - Mine Site 

Stockpiles (v5). July 2016. 

8. Poly Met Mining, Inc. NorthMet Project Water Management Plan - Mine Site (v7). 

December 2017. 

9. The Integrity of Cover Systems - An Update. Wilson, G.W., Williams, D.J. and Rykaart, 

E.M. Cairns, North Queensland, Australia : s.n., 2003. Proc. 6-th Int. Conf on Acid Rock 

Drainage. 

10. Poly Met Mining Inc. NorthMet Project Water Modeling Data Package Volume 1 - 

Mine Site (v14). February 2015. 

11. Bear, J. Dynamics of Fluids in Porous Media. New York : Dover Publications Inc., 

1972. p. 764. 

12. Hutchinson, I.P.G and Ellison, R.D. eds. Mine waste management: a resource for 

mining industry professionals, regulators and consulting engineers. s.l.  : Lewis Publishers, 

1992. p. 672. 

13. Poly Met Mining, Inc. NorthMet Project Adaptive Water Management Plan (v12). 



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 56 

 

 

December 2017. 

14. Poly Met Mining Inc. NorthMet Project Wetland Management Plan (v7). January 2015. 

15. Federal Emergency Management Agency (FEMA). National Earthquake Hazards 

Reduction Program (NEHRP) Recommended Provisions for Seismic Regulations for New 

Buildings and Other Structures – Part 1: Provisions, FEMA document No. 368 prepared by 

the Building Seismic Safety Council, Washington D.C. 2001. 

16. Barr Engineering Co. NorthMet Project Mine Site Blasting Plan. December 2017. 

17. Foth & Van Dyke and Associates Inc. Pit Backfill QA/QC: 1997 Summary. Volume I 

of III. Flambeau Mining Company. Ladysmith, Wisconsin. March 1998. 

18. Poly Met Mining, Inc. NorthMet Project Water Management Plan - Plant (v7). 

December 2017. 

19. —. NorthMet Project Flotation Tailings Management Plan (v7). May 2017. 

20. —. NorthMet Project Residue Management Plan (v6). May 2017. 

 

  



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 57 

 

 

List of Tables 

Table 2-1 Summary of Waste Rock Properties ........................................................... 5 

Table 2-2 Waste Rock Placement ............................................................................... 7 

Table 2-3 Maximum Stockpile Dimensions – Approximate ....................................... 9 

Table 2-4 Category 1 Waste Rock Stockpile Drainage Modeling Results ................ 17 

Table 2-5 Temporary Stockpile Liner System Design .............................................. 21 

Table 2-6 Estimated Overburden Excavation Volumes ............................................. 27 

Table 2-7 Proposed Construction Applications for Saturated Mineral Overburden .. 28 

Table 2-8 Estimated Unsaturated Mineral Overburden Earthwork Balance .............. 36 

Table 6-1 Temporary Waste Rock Stockpile Capacity .............................................. 47 

Table 6-2 Excavation Volumes for Temporary Waste Rock Stockpile Storage ........ 47 

 

List of Figures 

Figure 2-1 Category 1 Stockpile Groundwater Containment System ......................... 13 

Figure 2-2 Conceptual Representation of Category 1 Stockpile Groundwater 

Containment System – Operating Conditions Cross-Section .................... 14 

Figure 4-1 Ore and Waste Rock Categorization Sequence ......................................... 38 

Figure 4-2 Example Distribution of Waste Rock Categories ...................................... 39 

Figure 7-1 Conceptual Representation of Category 1 Stockpile Groundwater 

Containment System – Reclamation and Long-Term Conditions Cross-

Section ...................................................................................................... 50 

 

  



Date: December 2017 
NorthMet Project  

Rock and Overburden Management Plan 

Version: 10 Page 58 

 

 

List of Large Figures 

Large Figure 1 Bedrock Geology 

Large Figure 2 Mine Plan – Mine Year 1 

Large Figure 3 Mine Plan – Mine Year 2 

Large Figure 4 Mine Plan – Mine Year 11 

Large Figure 5 Mine Plan – Mine Year 20 

Large Figure 6 Pit Cross-Sections A, B, C 

Large Figure 7 Pit Cross-Sections D, E 

Large Figure 8 Category 1 Waste Rock Stockpile Cross-Sections 

Large Figure 9 Category 2/3 Waste Rock Stockpile Cross-Sections 

Large Figure 10 Category 4 Waste Rock Stockpile Cross-Sections 

Large Figure 11 Stockpile Capacities 

Large Figure 12 Project Area 

Large Figure 13 Existing Depth to Groundwater 

Large Figure 14 Mine Site Overburden and Waste Rock Use and Storage Diagram  

Large Figure 15 Mine Site Potential On-Site Borrow Source Locations 

Large Figure 16 Plant Site Earthwork Material Use and Storage Diagram  

 

List of Attachments 

Attachment A Block Model 

Attachment B Stockpile Design Permit Application Support Drawings 

Attachment C Category 1 Stockpile Groundwater Containment System Design Permit 

Application Support Drawings 

Attachment D Groundwater Containment Systems: Degree of Use in Industry  

Attachment E Category 1 Waste Rock Stockpile Groundwater Containment System 

Modeling 

Attachment F Standard Operating Procedures: Environmental Characterization of 

Construction Material for the NorthMet Project  

Attachment G Overliner Stress Calculations 

Attachment H Overliner Piping Design Calculation 

Attachment I Construction CQA Plan 

Attachment J Category 1 Waste Rock Stockpile Cover System Surface Water 

Calculations 

 



 

 

Large Figures 

 

 

 

 



MINE SITE

PLANT SITE

COLBY LAKE
PIPELINE CORRIDOR

TRANSPORTATION AND
UTILITY CORRIDORS

Mdp

Agm

Pav

Pab

Mdu

Agr

Mda

Mdg

Asb

PabAgt

Mda

Mdg

Mnv

Mdg

Mda

Mdk

Mnv

Paq

Mda

Mnv

Mnv

Mnv

Mdg

Mnv

Mnv

Mdg

MdgMda

Colby Lake

Partri d
ge

Riv

er

Wym

an
Cree

k

Seco
nd

Cr
ee

k

First Creek

Colvin Creek

Emb
arr

ass River

Unnamed
Cree

k
South Bran

ch Partridge River

Longnose C reek

S tubble Creek

W
etlegsCreek

Sp
rin

g Mi
ne

Cree
k Ridge Cree k

Stephens Creek

Yelp Creek

Trimble Creek

Heikkilla Creek

Pa
rtri

dg
e R

ive
r

Part
rid

ge
Ri

v e
r

Colvin Creek

Partridge River

Se
con

d Cree

k

Unnamed Creek

Ba
rr 

Fo
ote

r: A
rcG

IS 
10

.4,
 20

17
-11

-30
 12

:54
 Fi

le:
 I:\

Cl
ien

t\P
oly

Me
t_M

ini
ng

\W
ork

_O
rde

rs\
Pe

rm
itti

ng
\01

8_
Pe

rm
it_

to_
Mi

ne
\M

ap
s\R

ep
ort

s\A
pp

lica
tio

n\A
pp

en
dic

es
\R

OM
P\L

arg
e F

igu
re 

1 B
ed

roc
k G

eo
log

y.m
xd

 U
se

r: K
AC

2

Mining Area1

Bedrock Geology2

Agm - Quartz monzonite and
monzodiorite
Agr - Quartz monzonite, monzodiorite,
and monzogranite
Agt - Tonalite to granodiorite

Amv - Tholeiitic to calc-alkalic volcanic
rocks
Asb - Schist of sedimentary protolith
Asv - Schist of mafic to intermediate
volcanic protlith
Mda - Anorthositic series subsuite of the
Duluth Complex
Mdg - Gabbro

Mdk - South Kawishiwi intrusion
Mdp - Partridge River intrusion
Mdu - Ultramafic, oxide-rich intrusions
Mia - Aurora sill
Mmi - Mafic intrusions
Mnv - North Shore Volcanic Group
Pab - Biwabik Iron Formation

Paq - Pokegama Quartzite
Pav - Virginia Formation
Bedrock Outcrop
Duluth Complex Deposits
Mine Site Block Model Ore Body
Geologic Contact
(Approximately Located)

Fault (Approximately Located)
Limits of Detailed Geologic Model
Public Waters Inventory (PWI) Basins
Public Waters Inventory (PWI)
Watercourse3

National Hydrography Dataset (NHD)
Rivers & Streams4

BEDROCK GEOLOGY
NorthMet Project

Poly Met Mining, Inc.
Large Figure 1

Rock and Overburden
Management Plan

1 The final Mining Area will be based on property ownership lines as determined by legal descriptions
and official surveys.
2 Sources:
Jirsa, M.A., Chandler, V.W., and Lively, R.S., 2005, Bedrock Geology of the
Mesabi Iron Range, Minnesota: Minnesota Geological Survey Miscellaneous Map M-163, scale 1:100,000.
Severson, M.J., and Miller, J.D. Jr., 1999, Bedrock Geology of the Allen Quadrangle:
Minnesota Geological Survey Miscellaneous Map 91, scale 1:24,000.
Severson, M.J., and Miller, J.D. Jr., 2005, Bedrock Geology of the Babbitt Quadrangle, St. Louis County:
Minnesota Geological Survey Miscellaneous Map 159, scale 1:24:000.
Miller, J.D. Jr., and Severson, M.J., 2005, Bedrock Geology of the Babbitt Southwest Quadrangle,
St. Louis County: Minnesota Geological Survey Miscellaneous Map 161, scale 1:24,000. 
3 These are provisional representations of Public Waters Inventory watercourses downloaded from the
Minnesota Geospatial Commons website (https://gisdata.mn.gov/) on November 3, 2017. Due to previous
disturbance in this area, data sources may show watercourses that no longer exist.
4 The National Hydrography Dataset (NHD) is a feature-based database that interconnects and uniquely
identifies the stream segments or reaches that make up the nation's surface water drainage system. NHD
features are created from DNR 24K Streams and 1:24,000 USGS quadrangle maps. Due to previous
disturbance in this area, data sources may show watercourses that no longer exist.
Imagery Source: 2016 St. Louis County Pictometry

I
0 0.5 1

Miles



J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J J

J

ORE SURGE PILE

OVERBURDEN
STORAGE &

LAYDOWN AREA

CATEGORY 4

CATEGORY 1

CATEGORY 2/3

CENTRAL PUMPING STATION (CPS)

DUNKA ROAD

RAILROAD CORRIDOR

RAIL TRANSFER HOPPER

MINE SITE FUELING AND
MAINTENANCE FACILITY

RAILROAD SPUR
 AND LOADOUT

MINE TO PLANT PIPELINES

EQUALIZATION BASIN AREA

DUNKA ROAD AND
UTILITY CORRIDOR

A'

B'

C'

B'

C'

D'

A'

B'
A'

C'

Stu bble Creek

Yelp Creek

Partrid
ge River

Partri dge R ive
r

Pa rtrid

ge
R i

ve
r

Unnamed Creek

A

B

C

D

B

A

B A

C

C

E'

E

EAST PIT

Mud Lake

Mining Area1

Dunka Road2

Mine Year 1 Footprints
Mine Pit
Active Stockpile
Storage & Laydown Area
Haul Roads

J

J Mine Pit Cross-Sections
J

J Stockpile Cross-Sections
Mine Pit and Stockpile Contours
Mine to Plant Pipelines
Public Waters Inventory (PWI)
Watercourses3

National Hydrography Dataset (NHD)
Rivers & Streams4

Ba
rr 

Fo
ote

r: A
rcG

IS
 10

.4,
 20

17
-11

-30
 12

:55
 Fi

le:
 I:\

Cl
ien

t\P
oly

Me
t_M

ini
ng

\W
ork

_O
rde

rs\
Pe

rm
itti

ng
\01

8_
Pe

rm
it_

to_
Mi

ne
\M

ap
s\R

ep
ort

s\A
pp

lic
ati

on
\A

pp
en

dic
es

\R
OM

P\L
arg

e F
igu

re 
2 M

ine
 P

lan
 - M

ine
 Ye

ar 
1.m

xd
 U

se
r: K

AC
2

1 The final extent of the Mining Area boundary will be determined by applicable legal descriptions and surveys.
2 Only includes portion that is part of Mining Area.
3 These are provisional representations of Public Waters Inventory watercourses downloaded from the
Minnesota Geospatial Commons website (https://gisdata.mn.gov/) on November 3, 2017. Due to previous
disturbance in this area, data sources may show watercourses that no longer exist.
4 The National Hydrography Dataset (NHD) is a feature-based database that interconnects and uniquely
identifies the stream segments or reaches that make up the nation's surface water drainage system. NHD
features are created from DNR 24K Streams and 1:24,000 USGS quadrangle maps. Due to previous
disturbance in this area, data sources may show watercourses that no longer exist.
Imagery Source: 2016 St. Louis County Pictometry

Large Figure 2
Rock and Overburden Management Plan

MINE PLAN - MINE YEAR 1
NorthMet Project

Poly Met Mining, Inc.I
0 1,500 3,000

Feet

Northshore Mine:

Peter Mitchell Pit



J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J

J
J

ORE SURGE PILE

OVERBURDEN
STORAGE &

LAYDOWN AREA

CATEGORY 4

CATEGORY 1

CATEGORY 2/3

CENTRAL PUMPING STATION (CPS)

DUNKA ROAD

RAILROAD CORRIDOR

RAIL TRANSFER HOPPER

MINE SITE FUELING AND
MAINTENANCE FACILITY

RAILROAD SPUR
 AND LOADOUT

MINE TO PLANT PIPELINES

EQUALIZATION BASIN AREA

DUNKA ROAD AND
UTILITY CORRIDOR

A'

B'

C'

B'

C'

D'

A'

B'
A'

C'

A

A'

E'

E

D

D'

Stu bble Creek

Yelp Creek

Partrid
ge River

Partri dge R ive
r

Pa rtrid

ge
R i

ve
r

Unnamed Creek

A

B

C

D

B

A

B A

C

C

EAST PIT

WEST PIT

Mud Lake

Mining Area1

Dunka Road2

Mine Year 2 Footprints
Mine Pit
Active Stockpile
Storage & Laydown Area
Haul Roads

J

J Mine Pit Cross-Sections
J

J Stockpile Cross-Sections
Mine Pit and Stockpile Contours
Mine to Plant Pipelines
Public Waters Inventory (PWI)
Watercourses3

National Hydrography Dataset (NHD)
Rivers & Streams4

Ba
rr 

Fo
ote

r: A
rcG

IS
 10

.4,
 20

17
-08

-22
 14

:55
 Fi

le:
 \\b

arr
.co

m\
gis

\C
lie

nt\
Po

lyM
et_

Mi
nin

g\W
ork

_O
rde

rs\
Pe

rm
itti

ng
\01

8_
Pe

rm
it_

to_
Mi

ne
\M

ap
s\R

ep
ort

s\A
pp

lica
tio

n\A
pp

en
dic

es
\R

OM
P\

La
rge

 Fi
gu

re 
3 M

ine
 P

lan
 - M

ine
 Ye

ar 
2.m

xd
 U

se
r: K

AC
2

1 The final extent of the Mining Area boundary will be determined by applicable legal descriptions and surveys.
2 Only includes portion that is part of Mining Area.
3 These are provisional representations of Public Waters Inventory watercourses downloaded from the
Minnesota Geospatial Commons website (https://gisdata.mn.gov/) on November 3, 2017. Due to previous
disturbance in this area, data sources may show watercourses that no longer exist.
4 The National Hydrography Dataset (NHD) is a feature-based database that interconnects and uniquely
identifies the stream segments or reaches that make up the nation's surface water drainage system. NHD
features are created from DNR 24K Streams and 1:24,000 USGS quadrangle maps. Due to previous
disturbance in this area, data sources may show watercourses that no longer exist.
Imagery Source: 2016 St. Louis County Pictometry

Large Figure 3
Rock and Overburden Management Plan

MINE PLAN - MINE YEAR 2
NorthMet Project

Poly Met Mining, Inc.I
0 1,500 3,000

Feet

Northshore Mine:

Peter Mitchell Pit





























 

 

Attachments 

 






















	Rock and Overburden Management Plan
	Certifications
	Table of Contents
	Acronyms, Abbreviations and Units
	1.0 Introduction
	1.1 Objective and Overview
	1.2 Outline
	1.3 Geology and Block Model
	1.3.1 Surficial Geology
	1.3.2 Bedrock Geology
	1.3.3 Block Model


	2.0  Mine Waste Management System Design
	2.1 Waste Rock
	2.1.1 Rock Characterization and Classification
	Table 2-1 Summary of Waste Rock Properties
	Table 2-2 Waste Rock Placement
	Table 2-3 Maximum Stockpile Dimensions – Approximate

	2.1.2 Permanent Stockpile – Category 1 Waste Rock Stockpile
	2.1.2.1 Stockpile Design
	2.1.2.2 Groundwater Containment System Design
	Figure 2-1 Category 1 Stockpile Groundwater Containment System
	Figure 2-2 Conceptual Representation of Category 1 Stockpile Groundwater Containment System – Operating Conditions Cross-Section

	2.1.2.3 Groundwater Containment System Configuration and Operation
	Table 2-4 Category 1 Waste Rock Stockpile Drainage Modeling Results

	2.1.2.4 Construction Use of Waste Rock

	2.1.3 Temporary Waste Rock Stockpiles (including the Ore Surge Pile)
	2.1.3.1 Stockpile Design
	2.1.3.2 Liner System Design
	Table 2-5 Temporary Stockpile Liner System Design
	2.1.3.2.1 Liner Leakage Analyses
	2.1.3.2.2 Foundation Settlement
	2.1.3.2.3 Overliner Drainage Layer Design
	2.1.3.2.4 Overliner Drainage and Underdrain Flows Collection

	2.1.3.3 Stockpile Construction Quality Assurance Plan


	2.2 Overburden
	2.2.1 Overburden Characterizations and Classification
	2.2.2 Overburden Storage and Laydown Area
	2.2.3 Construction Uses of Overburden
	Table 2-6 Estimated Overburden Excavation Volumes
	Table 2-7 Proposed Construction Applications for Saturated Mineral Overburden
	2.2.3.1 Saturated Mineral Overburden
	2.2.3.1.1 Stockpile Foundation Material Below the Water Table
	2.2.3.1.2 Temporary Stockpile Drainage Layer
	2.2.3.1.3 In-Pit Haul Road Top Dressing
	2.2.3.1.4 Mine Water Pond and Equalization Basin Liner Cover Material
	2.2.3.1.5 Soil Liner Below a Temporary Geomembrane Liner
	2.2.3.1.6 Other Potential Uses of Saturated Mineral Overburden

	2.2.3.2 Unsaturated Mineral Overburden
	2.2.3.3 Peat

	2.2.4 Disposition of Overburden Not Used for Construction
	2.2.4.1 Saturated Mineral Overburden
	2.2.4.2 Unsaturated Mineral Overburden
	2.2.4.3 Peat


	2.3 Earthwork Balance
	2.3.1 Mine Site Earthwork Balance
	Table 2-8 Estimated Unsaturated Mineral Overburden Earthwork Balance

	2.3.2 Plant Site Earthwork Balance


	3.0 Geotechnical Modeling Outcomes
	4.0 Operating Plan
	4.1 Waste Rock
	4.1.1 Determining Ore/Waste and Waste Category
	Figure 4-1 Ore and Waste Rock Categorization Sequence

	4.1.2 Update Block Model Based on Core Drilling
	Figure 4-2 Example Distribution of Waste Rock Categories

	4.1.3 Blasthole Drill Cuttings Sample
	4.1.4 Geologist Observations and Random Sampling
	4.1.5 Refined Data at Mining Face
	4.1.6 Mine Management/Dispatch System
	4.1.6.1 GPS Location System
	4.1.6.2 Linking Excavator Location to Mine Face
	4.1.6.3 Tracking Load to Destination
	4.1.6.4 Data Retention
	4.1.6.5 Category 1 Waste Rock Stockpile Confirmation Sampling


	4.2 Overburden
	4.2.1 Determining Overburden Classification
	4.2.2 Tracking Saturated Mineral Overburden Loads to Destination
	4.2.3 Data Retention
	4.2.4 Unsaturated Mineral Overburden Confirmation Sampling


	5.0 Monitoring
	5.1 Water Quantity and Quality of Stockpile Drainage and Underdrain Flows
	5.2 Stockpile Monitoring

	6.0 Reporting and Adaptive Management
	6.1 Reporting
	6.2 Adaptive Management
	Table 6-1 Temporary Waste Rock Stockpile Capacity
	Table 6-2 Excavation Volumes for Temporary Waste Rock Stockpile Storage

	6.3 Annual Comparison to Plan
	6.4 Waste Characterization Update
	6.5 Annual Compliance Report

	7.0  Stockpile Reclamation
	7.1 Category 1 Waste Rock Stockpile
	7.1.1 Progressive Reclamation
	7.1.2 Stockpile Cover System

	7.2 Groundwater Containment System
	Figure 7-1 Conceptual Representation of Category 1 Stockpile Groundwater Containment System – Reclamation and Long-Term Conditions Cross-Section

	7.3 Temporary Category 2/3 and 4 Waste Rock Stockpiles
	7.3.1 Waste Rock Relocation to Pit
	7.3.2 Reclamation of Temporary Waste Rock Stockpile Footprints


	Revision History
	References
	List of Tables
	List of Figures
	List of Large Figures
	List of Attachments
	Large Figures
	Large Figure 1 Bedrock Geology
	Large Figure 2 Mine Plan – Mine Year 1
	Large Figure 3 Mine Plan – Mine Year 2
	Large Figure 4 Mine Plan – Mine Year 11
	Large Figure 5 Mine Plan – Mine Year 20
	Large Figure 6 Pit Cross-Sections A, B, C
	Large Figure 7 Pit Cross-Sections D, E
	Large Figure 8 Category 1 Waste Rock Stockpile Cross-Sections
	Large Figure 9 Category 2/3 Waste Rock Stockpile Cross-Sections
	Large Figure 10 Category 4 Waste Rock Stockpile Cross-Sections
	Large Figure 11 Stockpile Capacities
	Large Figure 12 Project Area
	Large Figure 13 Existing Depth to Groundwater
	Large Figure 14 Mine Site Overburden and Waste Rock Use and Storage Diagram
	Large Figure 15 Mine Site Potential On-Site Borrow Source Locations
	Large Figure 16 Plant Site Earthwork Material Use and Storage Diagram

	Attachments
	Attachment A Block Model
	Attachment B Stockpile Design Permit Application Support Drawings
	Attachment C Category 1 Stockpile Groundwater Containment System Design Permit Application Support Drawings
	Attachment D Groundwater Containment Systems: Degree of Use in Industry
	Attachment E Category 1 Waste Rock Stockpile Groundwater Containment System Modeling
	Attachment F Standard Operating Procedures: Environmental Characterization of Construction Material for the NorthMet Project
	Attachment G Overliner Stress Calculations
	Attachment H Overliner Piping Design Calculation
	Attachment I Construction CQA Plan
	Attachment J Category 1 Waste Rock Stockpile Cover System Surface Water Calculations



