Draft Environmental Impact Statement (DEIS)



NorthMet Project


3.0
Proposed Action and Project Alternatives

This section describes the Proposed Action as described by PolyMet in the January 2007 revised Project Description and in an update to the Project Description provided in July 2007.  Many supporting documents submitted to the MnDNR and USACE by PolyMet between 2006 and 2009 were used to add detail to the Proposed Action description in this section.  This section also includes descriptions of the No Action Alternative as well as two action alternatives - the Mine Site Alternative and the Tailings Basin Alternative.  Finally, this section describes alternatives that were considered but eliminated from detailed analysis.

3.1
PROPOSED ACTION

The Project calls for surface mining and mineral processing of approximately 228 million tons
 of Copper-Nickel-Platinum Group Element (PGE) ore over approximately a 20-year mine life.  The Project would be the first large-scale non-ferrous metallic mineral mine in the State of Minnesota.  The environmental impacts associated with the Project are different from ferrous mines and require a level of analysis that differs from those performed for those activities.

3.1.1
Mine Site – Location and Ownership

The Project would primarily consist of a proposed Mine Site and a largely existing Plant Site (Figure 1.1-2).  The Mine Site, which contains the NorthMet copper-nickel-PGE deposit, is located eight miles east of the Plant Site, six miles south of the town of Babbitt, and two miles south of the Peter Mitchell open pit taconite mine.  A layout of the Mine Site, showing maximum stockpile heights can be seen in Figure 3.1-1.  The Mine Site is connected to the Plant Site by a private railroad and a segment of the private Dunka Road.  PolyMet has acquired ownership or the right to use additional lands, trackage, and other railroad assets to secure the access between the Mine Site and the Plant Site.

Mine Site surface and mineral ownership is shown in Figure 3.1-2.  The majority of the mineral rights of the area proposed for the Mine Site were originally held by U.S. Steel (USS).  In 1989, mineral rights to 4,102 acres covering the deposit and adjacent areas were leased to PolyMet (previously Fleck Resources of Vancouver, BC).  Subsequently, USS sold the mineral and mining rights to RGGS Inc. (RGGS), but RGGS maintained PolyMet’s exclusive lease on the minerals.  As can be seen in Figure 3.1-2, there are three 40-acre areas within the Mine Site in which the mineral rights are owned by the Longyear Mesaba Company, but are under lease to PolyMet.  The majority of the surface land ownership at the Mine Site is held by the USFS, with smaller portions owned by PolyMet, the South Kawishiwi Cabin Group (SKCG, LLC), Cliffs Erie (Cliffs Natural Resources Inc.) and the State of Minnesota.  In 2007, PolyMet entered into discussions with the USFS to acquire surface ownership of lands totaling approximately 6,700 acres that are on top of and adjacent to its existing mineral lease through a land exchange.  At the time that this DEIS was drafted, the land exchange was still being discussed between USFS and PolyMet and no decisions had been made (see Section 1.0 for more information).  PolyMet also acquired approximately 400 acres around the Mine Site from Cliffs Erie in 2006 to serve as a buffer for the primary mining area.  In summary, at the Mine Site, the land owned or leased by PolyMet totals 4,552 acres (11,252 acres if the land exchange is completed) of which 3,016 acres are predicted to have ground-level impacts due to Project construction and operations.  

3.1.2
Mining Activities

Mine Site maps, which include the proposed mine pit, stockpile outlines, and mining infrastructure, for Years 1, 5, 10, 15, and 20 are shown in Figures 3.1-3 through 3.1-7.  Cross-sections of the proposed pits showing their maximum depths and with maximum footprints over 5-year increments are shown in Figure 3.1-8.  Similarly, cross-sections of the proposed waste rock stockpiles with maximum heights and footprints are shown in Figure 3.1-9.  

PolyMet expects to mine, on average, 91,200 tons per day (tpd) of material, which would include about 32,000 tpd of ore and 59,200 tpd of waste rock overburden and 55,300 tpd of rock (RS18, Barr 2007).  Annually, this would result in the removal of about 19.7 million tons of waste rock and 1.4 million tons of overburden, although most overburden would be stripped during the construction period at the beginning of the Project.  Operating at these rates, annual metal production would total about 38,821 tons of copper, 9,037 tons of nickel, 400 tons of cobalt, 22,184 ounces of platinum, 87,129 ounces of palladium, and 13,824 ounces of gold.  

3.1.2.1
Pre-production Mine Development

Several construction activities would be completed during the estimated 9 to 12 months of pre-production mine development (RS21, Barr 2007; RS22, Barr 2008; and RS24, Barr 2007).  These activities would include:

· Upgrading the existing Dunka Road; 

· Constructing site access roads; 

· Constructing surface water exclusion dikes and ditches; 

· Constructing engineered foundations, liners, and water collection/transport systems for waste rock stockpiles; 

· Constructing surface water collection and drainage ditches, water collection ponds, and sumps;

· Constructing the wastewater treatment facility (WWTF) and the central pumping station (CPS) south of the West Pit (Section 3.1.2.9); 

· Constructing the rail spur between the Cliffs Erie track and existing PolyMet track that serves the Coarse Crusher Building (Section 3.1.3);

· Constructing the Rail Transfer Hopper (Section 3.1.2.6); 

· Constructing the substation drop from the 138 kV transmission line and installation of a 13.8 kV mine site power distribution system; 

· Constructing the Mine Site to Plant Site water pipeline; and 

· Constructing the field service and fueling facility.

Electrical service would be provided by a new Minnesota Power electrical substation located on Minnesota Power property southwest of the Mine Site near the Dunka Road.  This substation would be fed from the existing 138 kV transmission line that passes just south of the Dunka Road and would feed the newly constructed 13.8 kV mine power distribution line that would supply electrical service to the mine pits, WWTF, CPS, Rail Transfer Hopper, pit dewatering pumps, process water pond pumps, stockpile foundation pumps, and the field service and refueling facility.  This power line would form a loop around the perimeter of the mine pits (Figure 3.1-36).

Heating required by the WWTF, CPS, Rail Transfer Hopper, service and fueling facility, and railroad switch heaters would be provided by LPG suppliers.  No natural gas service would be provided.

Domestic wastewater service would be provided by portable facilities serviced by a supplier.  A bottled water supplier would provide drinking water.

Clearing, grubbing, and harvesting of marketable timber would be completed prior to the initiation of mining.  The surface overburden consists of glacial till and organic wetland soils (i.e. peat).  The peat would be removed and stockpiled separately in the Overburden Storage and Laydown Area before being reused for off-site wetland restoration activities, stockpile reclamation in covers, other on-site reclamation, or hauled directly to the overburden stockpile (CP03, Barr 2008, Overburden Information - Response to Comments in RS52).  The overburden that is not peat would be removed to the extent required, separated based on reactivity, and hauled from the mine pit and stockpile footprint areas to the appropriate disposal areas. Based on the reactivity, the overburden will be used on-site as construction material in areas to be approved with the MnDNR through permitting, disposed of in the overburden portion of the Category 1 and 2 stockpile, or stored in the Overburden Storage and Laydown Area for future use (GC10, Kearney 2009).  The overburden portion of the Category 1 and 2 waste rock stockpile and would be constructed in a series of lifts and managed in accordance with the requirements of Minnesota Statutes, sections 93.44 to 93.51 and the MnDNR Mineland Reclamation Rules for Nonferrous Metallic Mineral Mining (Minnesota Rules, chapter 6132).

In addition to the separate portion of the Category 1 and 2 waste rock stockpile, an Overburden Storage and Laydown Area would be constructed to the west of the Rail Transfer Hopper.  This area would be used to screen, sort, and temporarily store overburden that may be used for some on-site construction or reclamation purposes (Barr 2009, NorthMet Response to Overburden Material Comments from MnDNR).  Characterization of overburden from the Project has indicated that some of the overburden may be suitable for construction purposes.  Rock and overburden from the nearby and inactive LTVSMC Area 5 mine site (Figure 1.1-2) to the north and east of the Tailings Basin or a state-owned waste rock stockpile located approximately 5 miles west of the Mine Site along Dunka Road may be considered for some construction purposes, however, characterization of those materials has not yet been completed (GC07, PolyMet 2008).  

Once bedrock is exposed, pre-production mine development would generate Category 1 waste rock that would be used as appropriate to construct the ramps and roads in the pit, roads from the pit to the stockpiles and Rail Transfer Hopper, Rail Transfer Hopper and Ore Handling Area foundation, and Category 1 and 2 stockpile foundations (GC07, PolyMet 2008). 

The pre-production mine development would be followed by a gradual ramp-up of ore output over 6 to 12 months to reach full capacity.  Since the Processing Plant feed rate would progressively increase as plant operations ramp up, mining would be scheduled so that the excavated area in the mine pits would also progressively increase to provide an adequate supply of ore and ensure continuity of plant feed. 

3.1.2.2
Open Pit Mining

The Project would use open pit mining methods.  The mining method would be similar to those currently in use at ferrous metallic mining operations on the Iron Range.  The mine would consist of three separate open pit excavations known as the East, Central, and West pits, as shown in Figure 3.1-1.  For about half of the mine life, mining would continue in the East and West Pits simultaneously, with the Central Pit mining occurring between Years 11 and 13 (RS22,  Barr 2008).  It is planned that the East Pit would be mined out by the end of Year 11, thereby providing space for waste rock from the West and Central pits.  With completion of mining from the Central Pit by Year 13, the East and Central pits would form one large pit (East/Central Pit).  

By placing Category 1 and 2 waste rock (the least reactive material) into the East/Central Pit through the end of the mine life with an inflow of water, the rock would be stored in a sub-aqueous environment to reduce the environmental impact associated with the oxidation and decomposition of sulfide minerals.  Moreover, once backfilled, the combined East/Central Pit is proposed for the creation of wetlands (Figure 3.1-37).

The pit configuration, staging, mine schedule, and stockpile layout would be progressively refined prior to the start of mining and throughout the projected 20-year life of the mine to account for changes in the price of metals, energy, labor, and other factors.  The final mine configuration, prior to filling any pit with waste rock, is shown in Figure 3.1-7.  The maximum size of each pit is projected to have the approximate area and approximate maximum depth shown in Table 3.1-1.

Table 3.1-1
Maximum Pit Dimensions

	Mine Pit
	Area (acres)
	Maximum Depth

(feet below ground surface)

	West
	278
	840

	Central
	54.5
	550

	East
	118
	760


The northwest edge of the mine would be constrained by the northward extent of the Duluth Complex, which hosts the mineral deposit.  The northwest side of the pit would follow the mineralization, which dips southeast at about 25 degrees, and roughly parallels the top of the Virginia Formation.  The mine would be developed in a series of benches that would be approximately 40 feet high.  These benches would be accessed by ramps approximate 85 feet wide (to accommodate broken ore, mine traffic, and water sumps) and having additional width for safety berms and possibly ditches, power lines/cables, and pipes on an as-required basis.  The pit slope design indicates an overall pit slope angle of approximately 51 degrees.  This would be continuously monitored and refined during the mine life.

3.1.2.3
Drilling and Blasting

Although the details of the drilling and blasting design would be refined and optimized as the mining operation continues, the proposed typical blasting parameters are presented in Table 3.1-2.  In addition, PolyMet would conduct blasting in accordance with Minnesota Rules, part 6132.2900 Air Overpressure and Ground Vibrations from Blasting.

Table 3.1-2
Proposed Blasting Parameters

	Blast hole diameter (range)
	10 – 16 inch

	Explosive type/blasting agent
	ANFO and emulsion

	Burden (distance from free face) and spacing (distance between holes)
	Approximately 20 feet x 30 feet

	Powder factor
	Approximately 0.45 pounds ANFO equivalent/ton

	Drilling rate – approximate
	20 feet/hour


Assumed drilling time/rig
24 hours/day

Conventional electric or diesel powered rotary drilling rigs would be used.  Because Project ore has physical characteristics very similar to Project waste rock, drilling and blasting would share a common drilling fleet and similar blast design specifications.  Based on a proposed annual ore movement rate of 11.7 million tons, and a blast design as shown in Table 3.1-2, it is estimated that the total annual amount of blasting agent used for breaking ore would be 5.3 million pounds, including initiators and blasting accessories.  Secondary breaking of oversize boulders would be done using a wheel loader or excavator-mounted drop weight hammer.  Blasting of ore and waste rock would take place approximately every 2 to 3 days.  This would usually include separate blasts of ore and waste rock benches totaling about 200,000 – 300,000 tons broken rock per blast.  

3.1.2.4
Excavation and Haulage

After being drilled and blasted, the ore would be loaded by excavators into haul trucks that would transport the rock to the Rail Transfer Hopper.  Diesel-hydraulic or electric-hydraulic excavators with 31 cubic yard [cy] capacity would be the primary rock loading tools in the mining fleet with a large diesel front-end loader (21.5 cy capacity) available to provide operational flexibility and additional loading capacity.

The haul truck fleet would consist of up to a maximum of eight
 conventional 240 ton diesel-powered rear dump trucks.  Haul trucks would be able to be re-assigned between excavators loading ore, waste rock, and overburden. 

Should a delay or shutdown of any part of the rail haulage system occur, the ore haulage would be staged on the lined Lean Ore Surge Pile for future transport to the mill, allowing for haul trucks already loaded with ore to have a controlled location to dump and stockpile material.  Once the rail haulage system is operational again, temporarily stockpiled ore would be loaded by front-end loader into the haul trucks for the short haul to the Rail Transfer Hopper dumping platform. 

3.1.2.5
Lean Ore Surge Pile

Table 3.1-3 shows tons of ore moved for Years 0 (pre-production site preparation) through 20.  A Lean Ore Surge Pile is proposed near the Rail Transfer Hopper to allow for temporary storage of marginal ore until it can fit into the processing schedule.  Use of this surge pile would allow for delivery of a steady annual flow, and assist in providing a uniform grade of ore to the Process Plant.  Lean ore would flow into and out of this pile allowing it to reach a maximum tonnage of 5.5 million tons and a footprint of 54.5 acres in Year 13.  

The Lean Ore Surge Pile would have one 40 foot high lift and side slopes at the angle of repose.  A large front-end loader would excavate the lean ore from the south side of the stockpile and transport it either to the Rail Transfer Hopper or to the Direct Rail Loadout Area.  Because material in this stockpile is classified as Category 4 waste rock (from a reactivity characteristic), a lined base and foundation would be constructed to Category 4 specifications (see Section 3.1.2.10).  All active areas at the Mine Site, including the Lean Ore Surge Pile, would be subject to a Fugitive Dust Control Plan approved by MPCA for managing fugitive dust generated at rock dumping and loading locations.  The Lean Ore Surge Pile would be removed at the completion of mining activities.  Drainage from the Lean Ore Surge Pile would be collected on the liner and routed to two sumps (S-6 and S-7 as shown in Figures 3.1-10 to 3.1-12) for conveyance to the WWTF (RS 22, Barr 2008).

Table 3.1-3
Ore Movement (tons)

	
	
	
	Lean Ore Surge Pile

	Year
	Mined
	To Plant
	To
	From
	Balance

	0
	78,335
	
	78,335
	0
	78,335

	1
	6,468,692
	6,497,515
	0
	28,823
	49,512

	2
	11,934,642
	11,680,000
	254,642
	0
	304,154

	3
	13,903,050
	11,680,000
	2,223,050
	0
	2,527,204

	4
	10,469,506
	11,680,000
	0
	1,210,494
	1,316,710

	5
	12,691,704
	11,680,000
	1,011,704
	0
	2,328,414

	6
	12,599,220
	11,680,000
	919,220
	0
	3,247,633

	7
	12,729,069
	11,680,000
	1,049,069
	0
	4,296,702

	8
	9,878,679
	11,680,000
	0
	1,801,321
	2,495,381

	9
	11,079,752
	11,680,000
	0
	600,248
	1,895,133

	10
	14,013,411
	11,680,000
	2,333,411
	0
	4,228,544

	11
	11,120,755
	11,680,000
	0
	559,245
	3,669,298

	12
	12,735,906
	11,680,000
	1,055,906
	0
	4,725,205

	13
	12,443,434
	11,680,000
	763,434
	0
	5,488,638

	14
	11,271,732
	11,680,000
	0
	408,268
	5,080,370

	15
	6,857,189
	11,680,000
	0
	4,822,811
	257,559

	16
	11,422,441
	11,680,000
	0
	257,559
	0

	17
	15,663,317
	11,680,000
	3,983,317
	0
	3,983,317

	18
	11,660,624
	11,680,000
	0
	19,376
	3,963,941

	19
	11,794,752
	11,680,000
	114,752
	0
	4,078,693

	20
	7,286,269
	11,364,962
	0
	4,078,693
	0

	Total
	228,102,477
	228,102,477
	13,786,839
	13,786,839
	0


3.1.2.6
Rail Transfer Hopper

PolyMet would use the same type of Rail Transfer Hopper system that was used by LTVSMC to load rail cars at the Mine Site.  The Rail Transfer Hopper would consist of a raised platform from which haul trucks dump into a hopper over a pan feeder.  The pan feeder would pass through an opening in a retaining wall and discharge into a rail car positioned under the feeder outlet.  The pan feeder and the control gate would be hydraulically powered and could be controlled by the locomotive operator using a radio remote control pack.  Loading time would be approximately one minute per 100-ton rail car, or about 45 to 60 minutes to load a 30-car train.

The Rail Transfer Hopper would be located to the south of the mine pits and would be connected to the existing main line track by a new spur line.  The rail track entering the Rail Transfer Hopper would be designed to allow rail cars to be loaded directly by front-end loader should the Rail Transfer Hopper breakdown or be unavailable during maintenance.  

3.1.2.7
Other Equipment

In addition to the drilling, excavating, and hauling equipment described above, the Project would use auxiliary and support equipment as shown in Table 3.1-4 at the Mine Site. 

Table 3.1-4
Proposed Mine Auxiliary Equipment Fleet

	Typical Machine Type
	Power
	Number
	Duties

	Cat D10R tracked dozer
	582 hp
	2
	Stockpile maintenance, construction, stockpile reclamation

	Cat 834G wheel dozer
	450 hp
	11
	Excavator pit maintenance, pit clean-up

	Cat 16H Grader
	275 hp
	2
	Haul road maintenance

	Cat 777D Water Truck
	937 hp
	2
	Haul road maintenance, dust suppression, auxiliary fire fighting duties

	Cat 992G Wheel Loader

(construction, site reclamation and misc.)
	800 hp
	1
	General purpose loading, reclamation

	Cat 446D Backhoe with Hammer
	110 hp
	1
	Secondary breakage

	Cat IT62H Integrated Tool Carrier
	230 hp
	1
	Miscellaneous tasks (e.g. snow plowing, fork lift, sweeper, etc.)

	Field service trucks
	114 hp
	62
	Field maintenance flat bed trucks fitted with hydraulic arm lift

	Fuel truck
	150 hp
	22
	Field fueling of excavators, and dozers

	Line truck
	100 hp
	12
	Excavator service and power line maintenance

	Low bed transporter, tractor and 120T capacity low loader
	200 hp
	12
	Transporting tracked equipment around mine and to service area/workshops

	Haul truck retriever
	1,120hp
	12
	Retrieving and transporting haul trucks unable to move under their own power

	Light vehicles
	74 hp
	202
	Supervisors transport, general duties


1 
equipment number as presented in air modeling. 

2 
these units are not included individually in air emissions calculations

3.1.2.8
Fueling and Maintenance Facilities

Equipment fueling and minor service and repair work would be done at a field service and fueling facility proposed near the Rail Transfer Hopper.  The fueling bay and field service bay structures would be roofed structures that have reinforced concrete floors graded to drain to a sump to collect any spillage and oil-contaminated water.  A licensed disposal contractor would periodically pump out the sump.  

In addition to fueling systems, there would also be dispensing equipment for lubricating and hydraulic oils, antifreeze/coolant, windshield washer fluid, and compressed air for tires.  The building would contain limited-capacity storage tanks containing lubricating and hydraulic oils and antifreeze.  Three 12,000 gallon bulk diesel storage tanks, enclosed with a spill containment system, would be provided at a safe distance.  Interior and area lighting would be provided to enable safe operation at nighttime.  In addition, a metering system would record the amount of fuel dispensed to each vehicle and emergency shut-off valves would be present at all necessary locations.  

Stationary or slow-moving equipment such as excavators, dozers, and drill rigs would be fueled from mobile fuel tankers specially equipped with pumping and metering devices.  The fueling tankers would arrive with fuel or be replenished at the service and fueling facility.  

Major scheduled maintenance and repair work on most mobile equipment would be done in the refurbished and reactivated former LTVSMC Area 1 Shop located about one mile west of the Processing Plant.  The Area 1 Shop is a fully enclosed maintenance facility built specifically to handle maintenance and repair work.  A heavy-duty low bed trailer and tractor would be used to transport equipment (e.g., dozers and front-end loaders) to the Area 1 Shop from the mine.  A large scale tow-truck would haul trucks that are unable to move on their own.  The Area 1 Shop would collect and store used oils and antifreeze/coolant as well as residue from steam cleaning equipment.  Used oils, antifreeze/coolant, and solvents would be collected by a specialist contractor for recycling, while used filters, oily rags and other oil-contaminated waste would be collected for proper offsite disposal in suitably licensed disposal facilities. 

To access the Area 1 Shop, mine vehicles would follow an access road through parts of the former LTVSMC taconite mine area.  Heavy equipment would cross County Road 666 at an established haul truck crossing point, which would be illuminated at night and during inclement weather and would have warning lights/devices.

The former LTVSMC Area 2 Shop, located about seven miles west of the Mine Site, would be reactivated to provide for mining and railroad operations supervision and management, as well as including change house facilities, toilets, lunch rooms, first aid facility, emergency response center, and training and meeting rooms for mining and railroad crews.  The Area 2 Shop facilities would include a Locomotive Fueling Station, Locomotive Service Building, and Mine Reporting Building.  The Locomotive Fueling Station, where locomotives would be fueled and lubricated, has a roof and sides, but is open at the ends to allow access.  The concrete floor would collect any spilled fuel and route it to a collection sump for proper disposal.  It also has a 15,000- gallon bulk fuel storage tank with containment systems.  

Because of the size and weight of the primary excavators and blast hole drill rigs, most of their maintenance and repair work would be done in the field in accordance with the facility’s NPDES/SDS Permit and associated Mine Site SWPPP.

3.1.2.9
Mine Site Water Management

Both MIne Site non-contact stormwater and Mine Site process water would be managed at the Mine Site.  Non-contact stormwater, the result of precipitation that falls on natural or non-reactive reclaimed vegetated surfaces, would be routed through sedimentation ponds prior to discharge to the Partridge River (RS24, Barr 2007).  Process water, which includes precipitation runoff and groundwater (pit dewatering water) that has contacted disturbed surfaces as well as water collected on stockpile liners, would be treated using a combination of membrane separation and chemical precipitation technologies at the Mine Site WWTF located south of the West Pit (RS29T, Barr 2007).  Tribal cooperating agencies note that under the proposed project, this facility will need to treat water for hundreds or thousands of years to avoid contamination to the Partridge River.

Using the CPS located adjacent to the WWTF, the effluent from the WWTF would be pumped to the Tailings Basin for use as plant make-up water (RS22, Barr 2008) or pumped back to the Mine Site to be used to supplement flooding of the East/Central Pit while the East/Central Pit is being backfilled (RS22, Barr 2008).  Reuse of the Mine Site process water at the Plant Site would eliminate the need to discharge any process water from the Mine Site to surface waters.  The solids removed from the Mine Site process water in the WWTF would be reprocessed to recover any potential metals in the Hydrometallurgical Facility as described in Section 3.1.5.2 (RS29T, Barr 2007). Tribal cooperating agencies note that under the proposed project, the CPS would need to operate for hundreds or thousands of years in conjunction with the WWTF.

Figures 3.1-10, 3.1-11, and 3.1-12 show the process water management systems, including the pump and pipe networks that dewater the pits in Years 1, 10, and 20.  Figure 3.1-13 shows the existing subwatershed boundaries and drainage flows at the Mine Site, while Figures 3.1-14, 3.1-15, and 3.1-16 show proposed surface water (stormwater) management at the Mine Site in Years 1, 10, and 20.  (RS22, Barr 2008; RS24, Barr 2007).  Existing drainage patterns and the proposed stormwater management system are described in further detail below.  

Mine Site Perimeter and Pit Rim Dike and Ditch Systems 

A system of dikes and ditches constructed at the Mine Site perimeter would minimize the amount of surface water flowing onto the site, minimize the amount of surface runoff flowing into the mine pits, manage the amount of process water, and control non-contact stormwater flowing off the site (Figures 3.1-14, 3.1-15, and 3.1-16) (RS24, Barr 2007; RS25, Barr 2007 and 2008).  

Dikes would be constructed of silty sands or glacial till material that would be excavated during construction of ditches and removal of overburden.  Side slopes would be vegetated to control erosion.  Small dikes would be constructed at the rims of the mine pits in all areas where the existing ground surface does not naturally drain surface runoff away from the and would be rebuilt as the pit perimeter expands.  Small dikes would also be constructed, as needed, along interior stormwater ditches and around stockpile construction areas to separate stormwater and process water around the Mine Site.  

In order to convey non-contact stormwater adjacent to the dikes, prevent surface runoff from entering the mine pits, intercept stormwater prior to reaching process water areas, and prevent water from pooling in areas where the dikes cut across low areas, ditches would be constructed along the interior of most of the perimeter dike system and throughout the interior of the Mine Site.  In addition, there would be some areas along the site perimeter where the existing ground is already relatively high so that a ditch would be able to capture the site surface runoff without a dike.  Non-contact stormwater captured by the ditches would be directed to sedimentation ponds and then routed into a natural drainage system.  The layout of drainage ditches is illustrated in Figures 3.1-14, 3.1-15, and 3.1-16 for Years 1, 10 and 20, respectively.  

Dike Design for Shallow Groundwater Control 

Where glacial till is present in the dike foundation zone below the water table and where inspection trenching (conducted at the time of construction) indicates potential for high-permeability conditions or where peat is present, seepage control measures would be installed to restrict groundwater movement (RS25, Barr 2007 and 2008).  In areas where glacial till is present, these seepage control measures would include soil cut-off trenches constructed of compacted silty sand or compacted glacial till, or slurry trenches.  The decision on which to use would depend on depth to bedrock and soil type in which the dike was being built.  In areas where peat is present, seepage would be prevented by compressing the peat with earthen dike materials to create a low-permeability layer.  If a sand seam or other high-permeability material is found in the dike foundation zone below the peat deposit, a soil cutoff trench, slurry wall, or sheetpile wall would be installed (depending on depth to bedrock) to cut off seepage.  Geotechnical testing indicated that silty sand soils found at the Mine Site are a relatively low-permeability material in their natural state (RS 49, Appendix B, Barr 2007).  Therefore, seepage cutoffs are generally not planned to be used in these areas. 
Pit Dewatering 

It is necessary to dewater the pits during mining to remove groundwater and precipitation runoff.  Precipitation runoff and groundwater flow would be directed to low areas in the pits where it would be collected in sumps and pumped to the WWTF.  The mine pit sump areas and pump capacities were designed to minimize delay to mining operations during the typical spring snowmelt or major precipitation events (RS22, Barr 2008).

East and Central Pit Filling

After mining activities are complete in the East and Central Pits, the pits would be filled with Category 1 and 2 waste rock from the West Pit, along with groundwater, in-pit runoff, direct precipitation, and treated process water from the WWTF, as necessary. Subsequent flooding of these backfilled pits with water would minimize the amount of pit wall and backfilled waste rock exposed to the atmosphere, thus limiting the oxidation of the sulfide minerals and reducing the amount of metals leaching to the pit water.  

The quantity of waste rock placed in the East and Central pits would change every year of operation, depending on the quantity of Category 1 and 2 waste rock generated.  During filling, the water elevation would be kept slightly below the surface of the waste rock to avoid equipment working in the water and to maximize the amount of rock used to fill the pit.  At Closure, the water level in the East and Central Pits would be allowed to increase above the level of the waste rock.  Once backfilling is complete, which is estimated to be approximately Year 21, the top of the backfilled pit would be designed to function as a treatment wetland (RS52, Barr 2007).   

If natural inflow of water into the East and Central Pits is insufficient, water can be pumped from the CPS, which is designed to send water that has been treated at the Mine Site WWTF to the Tailings Basin, to keep the water surface at the required level.  During periods of high precipitation or during spring snowmelt, dewatering may be required to allow placement of the waste rock.  Given the estimates for combined pit inflows, it is predicted that treated water would be needed from the CPS during most years of the pit filling operation.  As shown in Table 3.1-5, there are two years, Years 13 and 14, when water balance estimates indicate that excess water in the East and Central Pits would need to be diverted to the WWTF.

Table 3.1-5
Water Balance for East and Central Pit Filling

	Mine Year
	Combined Pit Inflows1 (gpm)
	Annual Flow Required to Fill Pits2 (gpm)
	Additional Water Needed from CPS (gpm)
	Excess Pit Water Diverted to WWTF (gpm)

	Year 12
	960
	1,001
	41
	0

	Year 13
	953
	432
	0
	521

	Year 14
	946
	328
	0
	618

	Year 15
	940
	1,427
	487
	0

	Year 16
	781
	1,274
	493
	0

	Year 17
	622
	1,122
	500
	0

	Year 18
	415
	913
	498
	0

	Year 19
	209
	1,024
	816
	0

	Year 20
	2
	976
	973
	0


1
Combined pit water includes direct precipitation, in-pit runoff, and groundwater inflows for the East and Central Pits.

2
Annual flow required to fill pits is the volume required to keep the water surface within 5 feet from the backfilled rock elevation and varies with the rock volume placed in the pits.

3.1.2.10
Waste Rock and Overburden Management

PolyMet proposes to categorize waste rock into four categories which are defined according to their geochemical and associated acid-producing and metals-leaching properties and are  summarized below (Table 3.1-6).  

Table 3.1-6
Summary of Waste Rock Properties

	Waste Rock Categorization
	Sulfur Content (%S)1
	Copper to Sulfur Ratio (Cu/S)2
	Approximate % of Waste Rock Volume3

	Category 1
	%S ≤ 0.12
	
	74%

	Category 2
	0.12 < %S ≤ 0.31
	≤ 0.3
	9%

	Category 3
	0.31 < %S ≤ 0.6
	>0.3
	14%

	Category 4
	0.6 < %S
	Includes all Virginia formation rock
	3%


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

2
Copper to Sulfur Ratio (Cu/S) assists in distinguishing between Category 2 and Category 3 waste rock with respect to ARD. 

3
ALT 10, Barr 2008.

· Category 1 – Least reactive waste rock.  This material is not predicted to generate acid rock drainage (ARD), but may leach heavy metals in excess of anticipated water quality compliance levels.  PolyMet proposes to use some of this waste rock for construction material at the Mine Site, if approved by MnDNR during permitting.  The Category 1 waste rock that would not be used as construction material would be placed on the Category 1 and 2 Stockpile (See Figures 3.1-3 – 3.1-7) (GC07, PolyMet 2008).

· Category 2 – Low reactivity waste rock. This material may generate ARD, and is predicted to leach heavy metals resulting in drainage with metal concentrations in excess of anticipated water quality compliance levels.  Category 2 material would be placed on the Category 1 and 2 Stockpile.

· Category 3 – Medium reactivity waste rock.  This material may generate ARD and is predicted to leach heavy metals resulting in drainage with heavy metal concentrations in excess of anticipated water quality compliance levels.  Category 3 material would be placed on the Category 3 Waste Rock Stockpile or stored on the Category 3 Lean Ore Stockpile. 

· Category 4 – High reactivity waste rock.  This material would generate ARD and leach heavy metals resulting in drainage with heavy metal concentrations in excess of anticipated water quality compliance levels.  This category would be placed on the Category 4 Stockpile, or stored on the Lean Ore Surge Pile. 

· Overburden – This material represents the remainder of the non-ore volume (about 9% of the total excavated volume).  The deeper saturated overburden material would be selectively managed through placement on the overburden portion of the compacted soil lined Category 1 and 2 waste rock stockpile to address its potential for metals leaching.  The overburden coming from near the surface may contain relatively low sulfur and metal concentrations and has been shown to leach low concentrations of metals (GC05, SRK 2008).  Therefore, the near-surface unsaturated portions of overburden would potentially be used for some construction purposes, pending further demonstration of non-reactivity.  

As indicated above, Category 3 and Category 4 rock are further divided into waste rock and lean ore.  The criterion for lean ore is economic rather than geochemical.  Lean ore would be material that is not economic to process at the time of mining, but could become economic in the foreseeable future.  

The decision on where to haul the waste rock would depend on the rock’s sulfur and copper content that would have been determined through a sampling and analysis program approved by the MnDNR.  Depending on its designated category, rock would be hauled to one of four main waste rock stockpiles - Category 1 and 2 waste rock, Category 3 waste rock, Category 3 Lean Ore or Category 4 waste rock.  Category 4 lean ore would be hauled to the lean ore surge pile or the Rail Transfer Hopper (Figure 3.1-1).  

As seen in the schedule shown in Table 3.1-7, from production years 1 through 11, until the East Pit is mined out, Category 1 and 2 waste rock would be placed on the Category 1 and 2 Stockpile (Figures 3.1-3 to 3.1-5).  After Year 11, when mining of the East Pit would be complete, approximately 125 million tons of Category 1 and 2 waste rock (32% of the total waste rock) would be placed back in the East Pit.  

Surface overburden would be screened and sorted into three types based on the material’s physical and chemical properties as identified through visual observation: (1) organic soils (peat); (2) unsaturated overburden; and (3) saturated overburden.  The peat and unsaturated overburden would be stockpiled in the Overburden Storage and Laydown Area located along Dunka Road.  From here the non-reactive material would ultimately be sorted for use in foundations and reclamation, with any unused or reactive material being placed in the overburden portion of the Category 1 and 2 waste rock stockpile.  The saturated overburden would be placed directly in the overburden portion of the Category 1 and 2 waste rock stockpile (Figures 3.1-3 – 3.1-7) (GC10, Kearney 2009).  

The deeper saturated overburden material would be selectively managed to address its potential for leaching.  Overburden coming from near the surface that contains relatively low sulfur and metal concentrations and has been shown to leach low concentrations of metals would be sorted and stored at the unlined Overburden Storage and Laydown Area for processing and re-use, or alternatively, be placed within the overburden portion of the Category 1 and 2 waste rock stockpile (GC05, SRK 2008; GC10, Kearney 2009).  The volume of overburden generated is estimated to be about four times more than the construction material needed in the first five years, and two and a half times more than what would be needed overall.  In the event that there are insufficient soils with the proper characteristics, additional overburden may be available in PolyMet-owned stockpiles at LTVSMC Area 5 (Figure 1.1-2).  

Table 3.1-7
Waste Rock Placement

	Waste Rock Placement in Tons

	Year
	Category 1 and 2 Waste Rock
	Category 3 Waste Rock
	Category 3
Lean Ore
	Category 4 Waste Rock
	Category 4
Lean Ore
	East Pit (East/Central after Yr 13) or used for other purposes
	Total

	0
	18,203
	0
	0
	74,559
	0
	0
	92,762

	1
	6,187,320
	214,660
	1,605,061
	8,208
	0
	0
	8,015,248

	2
	16,503,153
	225,169
	1,793,557
	252,209
	9,005
	0
	18,783,092

	3
	13,715,483
	597,893
	2,129,494
	1,254,741
	0
	0
	17,697,612

	4
	14,636,063
	854,261
	1,701,833
	1,025,464
	0
	0
	18,217,621

	5
	22,776,226
	561,879
	1,070,203
	1,173,278
	71,027
	0
	25,652,613

	6
	17,198,285
	627,254
	1,347,766
	1,398,799
	124,855
	0
	20,696,959

	7
	10,907,307
	469,536
	1,288,444
	637,857
	140,799
	0
	13,443,943

	8
	28,131,562
	743,072
	2,495,861
	498,023
	160,832
	0
	32,029,350

	9
	15,480,940
	604,242
	1,093,809
	581,364
	125,119
	0
	17,885,475

	10
	18,988,087
	431,299
	1,769,310
	464,726
	178,297
	0
	21,831,718

	11
	11,078,713
	703,394
	1,251,543
	653,878
	186,248
	0
	13,873,776

	12
	0
	1,243,567
	3,202,453
	188,528
	187,144
	20,819,956
	25,641,648

	13
	0
	1,027,466
	2,861,908
	98,160
	158,747
	16,077,320
	20,223,601

	14
	0
	919,439
	2,330,837
	26,241
	88,532
	14,286,631
	17,651,680

	15
	0
	860,386
	4,775,347
	77,016
	34,564
	22,878,678
	28,625,991

	16
	0
	547,644
	3,650,319
	110,320
	88,755
	18,526,917
	22,923,956

	17
	0
	715,639
	1,491,121
	59,945
	168,404
	14,580,631
	17,015,740

	18
	0
	931,031
	1,903,476
	58,422
	52,919
	17,036,139
	19,981,987

	19
	0
	886,215
	1,605,809
	59,243
	8,723
	13,620,063
	16,180,054

	20
	0
	1,591,732
	2,101,973
	191,726
	106,190
	13,625,514
	17,617,135

	Total
	175,621,343
	14,755,777
	41,470,125
	8,892,706
	1,890,162
	151,451,8501
	394,081,962

	% Total
	83.0%
	3.7%
	10.5%
	2.3%
	0.5%
	
	100.0%


1
Approximately 125 million tons of Category 1 and 2 waste rock would be backfilled into the East and Central Pit and the remainder (26.4 million tons) would be used for MnDNR-approved on-site construction or placed in additional lifts on the Category 1 and 2 waste rock stockpile (RS 22, Barr 2008).

When at its maximum size, each stockpile is projected to have the approximate area, height, and elevation shown in Table 3.1-8.

Table 3.1‑8
Stockpile Dimensions at Year 20

	Stockpile
	Area (acres)
	Max Height (feet)
	Max Elevation 
(feet above sea level)

	Category 1 and 2 waste rock
	464.41
	240
	1840

	Category 3 waste rock
	72.0
	160
	1760

	Category 3 lean ore
	156.8
	200
	1800

	Category 4 waste rock
	63.3
	130
	1730


1
 The area for the Category 1 and 2 stockpile includes 27.4 acres for overburden disposal.  The Category 1 and 2 stockpile is 437.0 acres without overburden – see Table 4.1-B in RS-22, Draft 02, Barr 2007.

Waste Rock Liner and Cover Systems

The waste rock stockpiles would include liner systems to capture water passing through the stockpile. All stockpiles would be constructed using foundation underdrains to provide gravity drainage where elevated groundwater is encountered to prevent or minimize the potential for excess pore pressures as the facility is loaded (RS 49, Golder 2007).  In addition, all liner systems would consist of a barrier layer (that limits the vertical infiltration of water through the liner system) and an over-liner drainage layer (that promotes the conveyance of water that reaches the barrier layer to a collection removal point via gravity) (RS 23T, Barr 2007).  These three design details enhance liner integrity. 
In addition to the liner systems, the waste rock stockpiles would have cover systems to limit water infiltration into the stockpile after the stockpiles are closed.  Liner and cover system designs are based on the degree of predicted heavy metal leaching expected from each waste rock classification type.  Local till overburden soils, generated from the processing of overburden removed from the mine pit and stockpile footprint areas, could be used in constructing the liner and cover systems (GC10, Kearney 2009).  The proposed liner and cover systems are shown in Table 3.1-9.  See RS23T for information regarding liner performance (RS23T, Barr 2007). 
It is the position of the tribal cooperators that this section should describe expected leakage rates as well as the long-term effectiveness of both the liner and cover systems. Given that the applicant has not proposed any long-term maintenance of these systems, these parameters should be described in this section and taken into account in section of the EIS that predict long term surface and ground water quality.

Table 3.1-9
Summary of Proposed Stockpile Liners and Covers

	Stockpiles
	Stockpile Duration
	Stockpile Area (Post-Closure)
	Liner System
	Cover System

	Category 1 and 2 and Overburden
	Permanent
	563.8 acres

(Cat 1 and 2 – 464.4 ac)

(OB – 99.4 ac)
	12-inch compacted (5x10-7 cm/s) subgrade covered by 12-inch overliner drainage layer.
	2-foot soil cover

	Category 3 Waste Rock


	Permanent
	72.0 acres
	12-inch compacted (1x10-5 cm/s) subgrade overlaid by 80 mil LLDPE geomembrane, covered by a 12-inch overliner drainage layer
	3-foot soil cover on outer slope and textured geomembrane plus 1.5-foot  vegetated soil layer for top and bench areas

	Category 3 Lean Ore
	Permanent
	156.8 acres
	12-inch compacted (1x10-6 cm/s) subgrade overlaid by 80 mil LLDPE geomembrane, covered by a 12-inch overliner drainage layer
	3-foot soil cover on outer slope and textured geomembrane plus 1.5-foot vegetated soil layer for top and bench areas

	Category 4 Waste Rock
	Permanent
	63.3 acres
	12-inch compacted (1x10-6 cm/s) subgrade overlaid by 80 mil LLDPE geomembrane, covered by a 12-inch overliner drainage layer.
	Textured geomembrane plus 1.5-foot vegetated soil layer for top, bench areas, and outer slopes

	Lean Ore
	Temporary
	0 acres

(max of 54.5 acres during operations) 
	12-inch compacted (1x10-6 cm/s) subgrade overlaid by 80 mil LLDPE geomembrane, covered by a 12-inch overliner drainage layer.
	Stockpile to be completely removed and reclaimed


Source:  Table 4-4 and page 30, RS74A, Barr 2008.

3.1.3
Proposed Transport of Ore

Three trains, each consisting of up to twenty 100-ton side dumping ore cars and one 2,100 hp diesel-electric “Gen-Set” locomotive, would transport the ore from the Mine Site to the Process Plant.  The cars would have hinged sides that drop down when the cars are tipped at the crusher for unloading.  Small amounts of ore could escape the confines of the rail cars during transport via two primary routes:

1) Fines through the gaps at the hinges - the Rail Transfer Hopper discharge feeder and track alignment is designed so that cars would be loaded along the centerline.  In this loading procedure, ore size may be classified as the car is loaded so that fines would be at the center of the car and the larger ore pieces would be at the edge.  This would keep much of the fines from reaching the edge of the car where they would be subject to spillage through the hinge gaps.  PolyMet noted that no evidence of significant fines spillage was observed during LTVSMC operations using this same loading system and cars. Tribal cooperating agencies disagree that the amount of ore that could escape from rail cars would be “small.”  Taconite pellets currently litter most of the railroad right of way between the plant site and the proposed mine site, confirming that ore can and does spill from the gaps along the side door. Second, fugitive dust escaping through these gaps is also a concern. These very small particles have the potential to cause contamination of soils and wetlands that are located along the rail route, as evidenced by ongoing contamination issues at the Flambeau Mine in Wisconsin. 

2)
Large pieces of ore over the tops - standard operating procedure would be to use a rubber-tired dozer to push any large ore pieces that extend out of the car into or off of the car near the Rail Transfer Hopper because these pieces can damage the crusher building and car dumping equipment.  In the event that a large ore piece would fall over the top edge of the cars during transit, it would be recovered during routine track maintenance. Tribal cooperators are unsure how ore debris can be visually distinguished by rail track maintenance crews from other rocks and ore that litter the embankments. In addition, spillage of ore pieces into the wetlands and creeks that are located along the rail line could not be easily identified and recovered. It is reasonable to assume that some acid drainage and metal leaching would occur along the waterbodies located along the rail line.

The route of track from the Mine Site to the Processing Plant would be from a new spur at the Rail Transfer Hopper, to existing track between Mile Posts 8.4 and 3.9 on the Cliffs Erie LLC private railroad, to a new approximately 5,750-foot connecting track between the Cliffs Erie track and existing PolyMet track that serves the Coarse Crusher Building at the Processing Plant (Figure 3.1-17). 

3.1.4
Plant Site – Location and Ownership

The Plant Site includes the Processing Plant, Area 1 Shop, Area 2 Shop, and the Tailings Basin, plus additional land around these facilities to serve as a buffer (Figure 3.1-17 and 3.1-17a).  The Processing Plant, which is in an area that was previously disturbed by mineral processing operations, would include a Beneficiation Plant and a Hydrometallurgical Plant.

The majority of the Plant Site infrastructure already exists at this brownfield site as follows:

· County Road 666 ends at the Main Gate for the industrial area that would include the Processing Plant, Area 1 Shop, and Area 2 Shop;

· The Canadian National Railroad serves the industrial area that would include the Processing  Plant and existing PolyMet track connects to the Area 1 Shop and the Area 2 Shop;

· Three Minnesota Power Company 138Kv transmission lines serve the Project substation; 

· The existing Sanitary Treatment Plant would be replaced or upgraded to meet current construction and performance standards and sized as appropriate; and

· The existing Processing Plant potable water treatment plant located near the Plant Reservoir will be refurbished and reactivated. The potable water distribution system extends to the Area 1 and Area 2 Shop. (PolyMet 2007, Supplemental DPD).  This water will be used for showers and sinks and will be treated (chlorinated) to be drinkable.  However, bottled water will be brought in for drinking as well. 

PolyMet acquired surface ownership of approximately 7,000 acres of real property and portions of the taconite processing facility formerly owned by LTVSMC, and approximately 8,100 additional acres from Cleveland-Cliffs, Inc.  Some of this land was additional acreage that would not be used for the Project.  PolyMet acquired the necessary surface licenses, easements, and rights-of-way for the remainder of the Plant Site (e.g., roadways, railroad, electrical service, gas pipeline, and water facilities) to enable production at the Plant Site (Figure 3.1-18).  PolyMet also acquired the necessary easements and rights-of-way to use an 8-mile segment of Dunka Road, which is co-owned by Minnesota Power, PolyMet, and Cliffs Erie.

In summary, at the Plant Site, the surface owned or leased by PolyMet is 15,100 acres of which approximately one-third is predicted to have ground-level disturbance due to Project operations.  Most of the area that would be disturbed has already been contaminated  by LTVSMC operations. Polymet will assume responsibility for these legacy contamination issues if it is  granted operating permits for its proposal.  At the Rail Connection Area, the area owned or leased by PolyMet and the area impacted by PolyMet operations are included in the Plant Site areas above. 

3.1.5
Ore Processing 

The Processing Plant would consist of a Beneficiation Plant and Hydrometallurgical Plant that would process the ore to recover base metals, gold, and PGE metals.  The processing steps that would be involved in each operation are described below.  The Processing Plant would also include a Tailings Basin, Hydrometallurgical Residue Facility, and a rail car maintenance shop.

3.1.5.1
Beneficiation Plant

The purpose of the Beneficiation Plant would be to produce final bulk flotation concentrate (all metallic minerals) or two separate saleable concentrates (one of mostly nickel minerals and a second of mostly copper minerals) that could be shipped to customers, used as a feedstock to the hydrometallurgical process, or divided for both uses (PolyMet 2007, Supplemental DPD).  The Beneficiation Plant processes would include ore crushing, grinding, and flotation; and concentrate regrinding, separation, dewatering, and shipping, which would occur in the existing Coarse Crusher Building, Fine Crusher Building, and Concentration Building, all of which remain from the LTVSMC operations.  

Ore Crushing

During the ore crushing process (Figure 3.1-19), ore as large as 48 inches in diameter would be delivered by rail from the mine to the Coarse Crusher Dump Pocket where each car would be emptied into a primary crusher (gyratory) at an average feed rate of 1,667 tons/hour
 (t/hr).  From the primary crusher, ore would be discharged to the product surge bin, and then moved by gravity into four parallel secondary crushers (gyratory).  A conveyor system would move the ore, 80% of which would now be smaller than 2.5 inches, to the coarse ore bin.

The coarse crushed ore would be fed into one of three operating fine crushing lines.  Each line would consist of a tertiary crusher (cone), two quaternary screens, and two quaternary crushers (cone).  The material would pass from the tertiary crushers through vibrating feeders and onto a double deck screen.  The material that did not pass through the screen (oversize material) would discharge to the quaternary crusher, while material that passed through the screen (undersize material) would pass directly to a conveyor below the fine crushing area.  This conveyor would collect all screened undersize material and quaternary crusher products that would then discharge to a second conveyor where the crushed ore would be transferred to the fine ore bin.  At this stage of the process, approximately 80% of the ore in the fine ore bin would be smaller than 0.315 inch.

Ore Grinding

The ore grinding process (Figure 3.1-19), which occurs in the Concentrator Building, would reduce the ore particle size to the point at which 80% of the product is less than 120 microns (4.7 x 10-3 inches).  During ore grinding, the fine ore bin would feed groups of twelve vibrating feeders - one group for each mill line.  The feeders would discharge to a rod mill feed conveyor with a belt scale that would be used to adjust the vibrating feeders and regulate delivery of crushed fine ore to each rod mill.  In the rod mills, the ore would pass through the mill once and the ground product would be delivered to the feed end of a matched ball mill.  Once in the ball mills, the ore would re-circulate through the mill and the primary cyclones until the particle size was small enough to become overflow from the primary cyclones.  Overflow from the primary cyclone would be suitable for flotation and would flow by gravity to a collection sump and be pumped to the flotation area, while the cyclone underflow (i.e., larger material) would be returned to the ball mill feed chute. 

Metal alloy balls and rods used as grinding media would maintain a constant mill power draw.  In addition, water would be added to each mill feed at a rate sufficient to maintain the mill discharge density at nominally 70-75% solids by weight.

Flotation

Once at 120 microns, the ore would be processed using flotation to recover the sulfide minerals and the base and precious metals.  The flotation process would consist of two flotation roughing and scavenging lines that would share common cleaning stages, all completely contained within the Concentrator Building (Figure 3.1-20).

Each rougher/scavenger flotation line would consist of one rougher flotation and five scavenger flotation cells.  Flotation of the liberated sulfide minerals would be achieved using a collector/frother combination.  Each cell would be mechanically agitated to create a layer of bubbles or froth.  The frother (methyl isobutyl carbinol and polyglycol ether, or MIBC/DF250), would provide strength to the bubbles formed in the flotation cells and the collector (potassium amyl xanthate, or PAX) would cause air bubbles to attach to the sulfide minerals.  

The rougher flotation concentrate from both rougher flotation lines would be pumped to the cleaner circuit via a single cleaner 1 conditioning tank.  Additional frother and collector would be added before the slurry flows by gravity to a bank of six cleaner 1 flotation cells.  The rougher flotation tailings from both lines would go to a bank of five scavenger flotation cells through the scavenger conditioning tank.  Collector and frother would be added, along with copper sulfate as a flotation activator.  The activator would ensure that the particles that are difficult to float (i.e., contain minor amounts of sulfide) are recovered in the concentrate, which reduces the total sulfer content of the tailings.  The concentrates from the first cell of each of the scavenger flotation lines would go to the cleaning circuit, while the remainder would be pumped to a common regrind milling circuit.

Two stages of concentrate cleaning would be provided.  The first stage cleaner flotation would be conducted in six cleaner 1 flotation cells.  The cleaner 1 flotation tailings would go to the regrind hopper, while the concentrate is pumped to four cleaner 2 flotation cells.  The cleaner 2 flotation tailings would be recycled back to the cleaner 1 conditioning tank.  The cleaner 2 concentrate would be pumped to a single concentrate thickener, where flocculant would be applied to promote particle settling.  This material would feed the concentrate regrind area.

The regrind milling circuit, which would be designed to grind scavenger flotation concentrate and cleaner 1 flotation tailings to a size suitable for liberating partially locked sulfides, would consist of a regrind cyclone and regrind mill.  The combined streams in the regrind hopper would be pumped to the regrind cyclone.  Cyclone overflow (small particles) would be re-circulated to the rougher flotation cells, while underflow (larger particles) would return to the regrind mill feed chute.  

The scavenger flotation tailings from each circuit, projected by PolyMet to be approximately 645 t/hr solids and have a solids density of 37%, would be pumped to the Flotation Tailings Basin where the solids would settle and be stored permanently.  The clear water would be re-circulated to the mill process water system.

Concentrate Regrinding

The next process that would occur in the Beneficiation Plant is concentrate regrinding (Figure 3.1-21), which would occur completely within the Concentrator Building and only when producing feedstock for the Hydrometallurgical Plant.  During this step, the thickened underflow from the concentrate thickener would go to a concentrate fine grinding isamill.  The isamill is a grinding technology based on high intensity stirred milling, which would reduce the particle size from 120 microns to 15 microns, which is the size required to enhance the efficiency of the pressure oxidation process in the Hydrometallurgical Plant.  The finely ground concentrate would then flow to the concentrate storage tank that provides surge capacity between the Beneficiation and Hydrometallurgical Plants.

Concentrate Separation and Dewatering – Concentrate Mode

During this step, which occurs only in the concentrate mode, the bulk copper/nickel flotation concentrate would be delivered to a concentrate separation conditioning tank where the pH would be adjusted to approximately 12.5 by adding lime (Figure 3.1-21).  The concentrate conditioning tank would feed a series of concentrate flotation cells.  In the flotation cells, the high pH would cause the copper to remain highly floatable, forming the majority of the new concentrate.  The high pH would also depress the floatability of nickel, which would cause the nickel to remain in the tailings slurry.  Because copper and other associated minerals would be removed here, this tailings slurry would have higher nickel concentration and would now be considered a nickel concentrate.

The nickel and copper concentrates would each be delivered to identical but separate dewatering lines consisting of a concentrate thickener, concentrate filter, and concentrate dryer.  Each thickener underflow, containing the thickened concentrate portion, would be transferred to a storage tank and to a filter where the filtered concentrate moistures would be reduced to approximately 8 to 10%.  The filtered concentrate would then be conveyed into a dryer that would reduce the moistures to 1 to 2%.  The dried concentrate would be delivered to an existing concentrate storage silo (former soda ash silo) for storage.

In the above process, each concentrate thickener overflow would be returned to the Beneficiation Plant process water tank and provisions would be made to neutralize the nickel return water if it is determined that the high pH water cannot be returned directly.  The filtrate water would be returned to the corresponding concentrate thickener.  

Concentrate Shipping – Concentrate Mode

While processing in the concentrate mode, the concentrate shipping area would be used to store dried copper and nickel concentrate and to load the concentrates into covered and/or sealed rail cars, which would be specifically built for this purpose.  The concentrate shipping area would be within the heating plant and additive building and a car loading shed extension to that building.  Additional railroad tracks on disturbed ground are also proposed as part of this area.  

Dried concentrate would be transferred from the concentrate separation and dewatering area to one of two concentrate storage silos for loading into rail cars (Figure 3.1-21).  Each of the two silos would have about 3.5 days of production capacity for its concentrate (copper or nickel) if all flotation concentrate is directed to the concentrate separation and dewatering area.  

Depending on the customer’s requirements, two methods would be considered for loading the dried concentrate into storage containers and unloading the concentrate from those containers into rail cars for shipping:

1)
Shipping a very dry concentrate that would flow like ground dry cement.  In this option, the concentrate would be conveyed pneumatically in a sealed tube to covered hoppers, such as those used to transport ground cement.  These cars have a filling valve that would directly connect to the sealed pneumatic tube, and a vent valve that would be connected to a sealed tube, which would route the air exhausted from the sealed car back to the concentrate storage bin.  This bin would have a vent, with a small baghouse attached, that vents to the atmosphere.

2)
Shipping a less dry concentrate that would be produced by filtering a concentrate slurry and having the filter cake drop from the filter into an open, rail car.  Once the car is loaded, a rigid cover would be placed over the car for shipping.  In this option, the concentrate would be stored as a slurry in a tank.

In both loading methods, car loading would be performed indoors on concrete floors and rail cars would be enclosed prior to movement outdoors.

Processing Parameters

Table 3.1-10 shows PolyMet’s estimates for daily production rates, size reduction, and percent sulfur (%S) through the processing steps in the beneficiation process.  Rates and sizes provided are the values PolyMet would use to design plant piping and equipment.  The percent sulfur values were results from pilot plant testing completed by PolyMet on the beneficiation process technology.  

Water needed for the milling and flotation circuits would primarily be return water from the Tailings Basin, which would include treated Mine Site process water.  Any shortfall in water requirements would be made up by raw water from Colby Lake using an existing pump station and pipeline.

Table 3.1-10 
Key Processing Parameters

	
	Input
	Output

	Step
	Material
	Rate (stpd)
	Size

(inches)
	%S
	Material
	Rate (stpd)
	Size (inches)
	%S

	Ore Crushing
	ore
	32,000
	48
	0.88
	Ore
	32,000
	0.315
	0.88

	Ore Grinding
	ore
	32,000
	0.315
	0.88
	Ore
	32,000
	4.7 x 10-3
	0.88

	Flotation
	ore
	32,000
	4.7 x 10-3
	0.88
	Concentrate
	1,038
	4.7 x 10-3
	20.60

	
	
	
	
	
	Tailings
	30,962
	4.7 x 10-3
	0.12

	Concentrate Grinding
	concentrate
	1,038
	4.7 x 10-3
	20.60
	Concentrate
	1,038
	5.9 x 10-4
	20.60

	Concentrate Separation and Dewatering
	concentrate
	0 to 1,038
	4.7 x 10-3
	20.60
	Dried nickel and copper concentrates
	0 to 1,038
	4.7 x 10-3
	20.60


Source:  From PolyMet 2006 DPD, Table 3.3-A.  

Note: Because %S values are based on the averages of four Pilot Plant tests, but rate and size are only theoretical design numbers, calculating a sulfur tonnage for input of flotation versus output of concentrate and tailings may not produce corresponding values.

Process Consumables

PolyMet anticipates the raw materials shown in Table 3.1-11 would be consumed by the Beneficiation Plant processes.

Table 3.1-11
Beneficiation Plant Consumables

	Consumable
	Quantity
	Mode of Delivery
	Delivery Condition
	Storage Location
	Containment

	Grinding Media (metal alloy grinding rods and balls)
	15,600 t/yr
	Rail 
(13 rail cars/ mo)
	Bulk
	Concentrator Building
	None required

	Flotation Collector (PAX)
	1,075 t/yr
	Truck
(4-5 trucks/mo) 1
	Bulk bags
	Concentrator Building
	None required

	Flotation Frother (MIBC and DF250)
	1,124 t/yr1
	Tank truck 
(4-5 trucks/mo) 1
	Bulk
	Concentrator Building
	Separate 13,200 gallon storage tanks

	Flotation Activators (copper sulfate)
	650 t/yr
	Truck

(2-3 trucks/mo) 1
	Bulk bags1
	Concentrator Building
	9,200 gallon Activator Storage Tank

	Flocculant (MagnaFlox 10)
	16.5 t/yr
	Truck 
(1 truck/2 mo)
	1,875 lb bulk bags
	Concentrator Building
	None required


1
Updated information per Scott 2009, Personal Communication 

3.1.5.2
Hydrometallurgical Plant

Hydrometallurgical processing technology would be used for the treatment of concentrates.  This process would involve high pressure and temperature autoclave leaching followed by solution purification processes to extract and isolate platinum group, precious metals, and base metals.  All equipment proposed for use in the hydrometallurgical process would be located in one of three new buildings: the Hydrometallurgical Processing Facility, Copper (Cu) Solvent Extraction Building, or the Copper (Cu) Electrowinning Tank House (Figure 3.1-17a).  

High Pressure Oxidation Autoclave 

The hydrometallurgical process would begin with the combination of flotation concentrate, WWTF sludge, and a recycle stream from the leach residue thickener underflow in an autoclave feed tank (Figure 3.1-22).  Hydrochloric acid would be added to maintain the proper chloride concentration in the solution to enable leaching of the gold and platinum group metals.  This mixture would then be pumped to two autoclaves operating in parallel.

Each autoclave would be injected with liquid oxygen gas supplied by a 770 tpd cryogenic oxygen plant at a rate that is controlled to ensure complete oxidation of all sulfide sulfur in the autoclave feed.  Partially neutralized copper solvent extraction (SX) raffinate
 from the raffinate neutralization thickener overflow would be pumped to each of the autoclaves to control the leaching temperature.

In the autoclaves, the sulfide minerals in the flotation concentrate would be oxidized and dissolved in a solution containing copper sulfate, nickel sulfate, cobalt sulfate, zinc sulfate, ferric sulfate, and sulfuric acid.  Gold and platinum group metals would dissolve as soluble chloride salts.  The solid residue produced would contain iron oxide, jarosite, and any insoluble gangue (non-ore silicate and oxide minerals) from the flotation concentrate.  Generation of acid from the oxidation of major sulfide minerals would result in leaching of the silicate, hydroxide, and carbonate minerals present in the flotation concentrate.  To remove excess heat from the leached slurry, a dedicated autoclave flash vessel would be used to reduce the slurry to atmospheric pressure and allow the release of steam.

Slurry discharging from the autoclave flash vessel would be further cooled using dedicated spiral heat exchangers.  The majority of heat transferred here would be used to pre-heat the feed solution for the residual copper removal precipitation tank.  The remainder of the heat transferred would be used to heat the mill process water.  The cooled slurry would be pumped to the leach residue thickener where the solids would be settled with the aid of a flocculent.  The underflow would be split with the majority being recycled to the autoclave feed tanks and the remainder to the leach residue filter.  The leach residue filter would separate the leached autoclave residue solids from the process solution that contains the solubilized metals.  Residual entrained metals would be recovered by washing the autoclave residue.  The washed residue would be repulped, combined with other hydrometallurgical residues, and pumped to the Hydrometallurgical Residue Facility.

Gold and Platinum Group Metals Precipitation 

To begin gold and platinum group metals precipitation (Figure 3.1-23), leach residue thickener overflow and leach residue filter wash water would go to the first of three gold and platinum group metals precipitation reactors where sulfur dioxide gas would be added to reduce ferric ions to ferrous ions.  

Complete reduction of ferric ions would be achieved by the addition of copper sulfide (CuS) recycled from the residual copper removal thickener underflow.  Recycled CuS would also be used to recover precious metals; specifically platinum, palladium, and gold from the autoclave leach solution.  Produced here would be a mixed gold and platinum group metals sulfide precipitate with a relatively large proportion of CuS (an important substrate for gold and platinum group metals reduction) and elemental sulfur.  The discharge from the gold and platinum group metals precipitation reactors is pumped directly to the gold and platinum group metals thickener where CuS enriched with gold and platinum group metals settles with the aid of a flocculant and produces thickened slurry suitable for filtration.  The resultant filter cake would contain platinum, palladium, gold, CuS and sulfur.

The thickener underflow would be pumped to the gold and platinum group metals filter feed tank.  This feed tank would provide additional storage capacity between the gold and platinum group metals filter and thickener.  The filter would separate the gold and platinum group metals precipitate solids from the process stream.  Residual metals still being carried along in the process stream would be recovered by washing the gold and platinum group metals precipitate with demineralized water and recycling the wash water to the thickener.  The filter would produce a concentrate cake that would be bagged for sale to a third party refinery.

The thickener overflow would be pumped to a candlestick filter to ensure all residual solids containing the remaining gold and platinum group metals are recovered.  The resultant clear solution would go to the solution neutralization area while the captured solids would be returned to the thickener.

Solution Neutralization 

During solution neutralization (Figure 3.1-23), the copper-rich solution from the gold and platinum group metals precipitation circuit would be pumped to a plate heat exchanger to cool the solution and heat the process water.  Once cooled, the solution would be discharged into the first of four agitated solution neutralization tanks.  Limestone slurry and recycled gypsum slurry from the solution neutralization thickener underflow would be added to the first tank and stage added to the remaining neutralization tanks.  Slurry from the last neutralization tank would flow to the solution neutralization thickener to produce a thickened underflow, 75% of which would be recycled to the first solution neutralization tank, and the remainder of which would be pumped to the gypsum filter to produce a separate gypsum residue.  A final gypsum filter cake would be washed with acidified wash water, re-pulped, combined with other hydrometallurgical residues and pumped to the hydrometallurgical residue facility.  The solution neutralization thickener overflow would go to the copper solvent extraction circuit.

Copper Solvent Extraction (Copper SX) 

During this phase (Figure 3.1-24), the feed solution from the solution neutralization circuit would be pumped to a pinned bed clarifier, which would use coagulant and flocculent to remove ultra-fine solids that would be returned to the solution neutralization thickener.  The clarified solution would be pumped to the copper SX feed tank.

From the copper SX feed tank, solution would be pumped to the copper extraction stages.  Each stage would include two mixer tanks where a specialized organic based extractant (a liquid used to remove material from a solution) and the aqueous (water-based) solution containing copper would be mixed.  During mixing, copper would be extracted into the organic extractant and removed from the aqueous solution.

The aqueous/organic mixture would flow from the final mixer tank into a reverse flow settler.  Here, the two phases would separate and be collected in separate launders.  Next, the aqueous and organic streams would be sent to flow countercurrent through the SX circuit.  The aqueous solution would enter the first extractions stage and flow sequentially through to the second and third stages.  Raffinate leaving the third stage would pass through a residual organic filter and would then be pumped to the copper raffinate tanks.  

Flowing in the reverse of the aqueous solution, the organic extractant would be continuously extracting copper until the fully loaded organic would exit the extraction stages.  The organic would flow to a coalescer wash stage where the water-based parts of the solutions would be reduced, then would be pumped to the stripping stages.  By mixing the copper loaded organic stream with acidic spent electrolyte from the electrowinning plant, the copper loading process would be reversed so that copper would be transferred from the organic to the electrolyte.  The unloaded organic would be recycled back to the extraction circuit to mix with copper bearing aqueous feed solution and the cycle would begin again.

Copper rich electrolyte would be discharged from the last stripping stage to the electrolyte filter feed tank and then pumped to a coalescing dual media anthracite/garnet filter.  The filter would trap organic droplets and any solids remaining in the electrolyte.  Periodically, the filter would be drained and backwashed with water.  The backwash solution would be held in a storage tank and bled at a controlled rate to the copper raffinate tank.  New organic would be manually added to the circuit to maintain the organic inventory.  From the electrolyte filter, clean electrolyte would be discharged into the advance electrolyte tank.

Crud, or the accumulation of solids (dust particles or precipitates) at the organic/aqueous interface in the settlers, is known to inhibit the copper extraction process and contribute to organic loss.  Therefore, crud would be routinely removed from the settlers by decanting and draining using a portable air operated crud pump.  Crud would be pumped to a crud/spillage holding tank where it would accumulate and then be treated on a batch basis to recover entrained organic.  The remaining crud, estimated to be approximately 45 to 65 tpy, would be disposed of in the Hydrometallurgical Residue Facility.

Copper Electrowinning

During this process, copper rich electrolyte would be pumped from the advanced electrolyte tank to the electrolyte recirculating tank.  In this tank, electrolyte would be mixed with spent electrolyte recycled from the electrowinning (EW) circuit, demineralized water make-up, spillage (if free of solids), plating agents such as guar gum, and cobalt sulfate (added to maintain a required cobalt concentration in the electrolyte).

Over a period of approximately seven days, metallic copper would be electroplated onto stainless steel cathode blanks.  Upon the desired thickness of copper being plated, an overhead traveling gantry crane would remove the cathodes.  The cathodes would be water washed to remove the copper-bearing electrolyte and immediately stripped in an automatic stripping machine.  Stripped cathodes would be bundled, sampled and weighed in the stripping machine and then removed by forklift to a lay down area prior to shipping.  

The majority of the spent electrolyte would be recirculated to the electrowinning cells via the electrolyte recirculation tank with sufficient spent electrolyte being recycled to the SX stripping stage to balance the copper bearing electrolyte flow entering the EW circuit.  A small amount of electrolyte would be bled out of the EW circuit to prevent impurity build-up in the electrolytic circuit.  The bleed solution would be pumped back to the extraction stages.

Raffinate Neutralization

After the SX/EW process has recovered the copper, the raffinate would be neutralized in four raffinate neutralization tanks (Figure 3.1-24).  Limestone would be used to further reduce the acidity produced during the copper extraction process and to precipitate iron and aluminum from solution.  The raffinate neutralization circuit would use similar equipment and processes to those in the solution neutralization circuit.

The copper SX raffinate would be pumped to the first of four agitated raffinate neutralization tanks.  Limestone slurry would be added to the first tank along with recycled gypsum slurry from the underflow of the raffinate neutralization thickener and stage added to the subsequent precipitation tanks.  The neutralized slurry would flow to the thickener, producing a thickened underflow that is predominantly gypsum, iron hydroxide, and aluminum hydroxide.  Approximately 75% of this underflow would be recycled to the first raffinate neutralization tank and the remainder would be pumped to the raffinate neutralization filter.  

The filter cake from the filters would be washed with acidified wash water, repulped, combined with other hydrometallurgical residues and pumped to the Hydrometallurgical Residue Facility.  Most of the thickener overflow would go to the residual copper removal circuit while some would be returned to the autoclaves as quench water.  

Residual Copper Recovery

To begin the residual copper recovery circuit (Figure 3.1-25), solution from the raffinate neutralization thickener overflow tank would be heated to 149°F by indirect contact with autoclave discharge slurry in the autoclave residue heat exchangers.  The heated solution would be discharged to the first of two residual copper removal precipitation tanks where sodium hydrosulfide (NaHS) and nitrogen are introduced.  Nitrogen gas would keep oxygen from entering the precipitation tanks so that the precipitation of copper sulfide would be maximized and sulfate generation reduced.  

Slurry from the final residual copper removal precipitation tank would flow to the residual copper removal thickener.  A minimum of 75% of the underflow would be recycled to the first residual copper removal precipitation tank while the remaining 25% would be pumped to the gold and platinum group metals precipitation reactors.  Any excess underflow would be returned to the autoclave feed tank for re-processing.  The residual copper removal thickener overflow, containing less than 1 part per million (ppm) copper, would go to the mixed hydroxide precipitation circuit.

Mixed Hydroxide Precipitation

During the mixed hydroxide precipitation circuit (Figure 3.1-26), copper-free solution from the residual copper removal thickener overflow tank would be reacted with magnesium hydroxide in a two-stage process with the majority of the nickel, zinc, and cobalt being precipitated in the first stage.  The pH would be controlled to limit manganese co-precipitation so that a clean (i.e., low-manganese) precipitate is produced.  The resulting discharge from 1st stage mixed nickel/cobalt/zinc (Ni/Co/Zn) hydroxide precipitation tanks would flow to the 1st stage thickener.  The underflow containing the precipitated metals would be pumped to a filter feed tank.  The slurry from the filter feed tank would be pumped at a controlled rate into the hydroxide filter to produce a filter cake.  The filter cake would be washed with raw water to remove entrained process solution.  The final mixed hydroxide product would have an approximate composition of 97% nickel, cobalt and zinc hydroxides with the remainder as magnesium hydroxide.  The high quality mixed hydroxide filter cake would be packaged for shipment to a third party refiner. 

The 1st stage thickener overflow would be pumped to the first of two 2nd stage precipitation tanks.  Lime would be added to these tanks to raise the pH, ensuring precipitation of all remaining nickel and cobalt.  Slurry from the 2nd stage precipitation tanks would flow to the 2nd stage thickener.  Flocculant would be added to settle the hydroxide precipitates.  The underflow product would be recycled to the autoclave residue tank where the higher acidity would ensure that the metals contained in the precipitate were redissolved.  The 2nd stage thickener overflow would then be pumped to the magnesium removal circuit.  

Magnesium Removal

During the magnesium removal phase, solution from the mixed hydroxide precipitation circuit would be pumped to the first of the magnesium removal tanks.  Lime slurry would be added to each tank to facilitate magnesium precipitation.  The resulting slurry would be pumped to the Hydrometallurgical Residue Facility along with other residues as described in Section 3.1.5.3 Hydrometallurgical residue management, where the solids would settle to be stored permanently while the clear water would be reclaimed continuously to the Hydrometallurgical Plant process water system.  This would result in approximately 50% of the remaining magnesium being precipitated to produce recycled process water containing minimal metal concentrations.

Process Consumables

The raw materials described below as well as those summarized in Table 3.1-12 would be consumed by the Hydrometallurgical Plant processes.  Table 3.1-12 provides additional information regarding processing reagents deliveries, capacity, and nominal use at the site.  Locomotive fueling and routine inspection facilities used by LTVSMC would be reactivated, while locomotives needing major repair would be sent off-site.  The ore cars would be maintained at the General Shop facility used by LTVSMC.

Table 3.1-12
Materials Consumed by the Hydrometallurgical Plant Processes

	Consumable
	Quantity1
	Mode of Delivery
	Delivery Condition
	Storage Location
	Containment

	Sulfuric acid
	2,998 tpy
	Rail 
(3 tank cars/ mo)
	Bulk
	Adjacent to General Shop Building
	78,700 gallon storage tank with secondary containment

	Hydrochloric acid
	6,173 tpy
	Rail 
(6 tank cars/mo)
	Bulk
	Adjacent to General Shop Building
	59,500 gallon storage tank with secondary containment

	SX Extractant
	24 tpy
	Freight

(1 delivery/mo)
	265 gallon tanks
	General Shop Building
	265 gallon tanks

	SX Diluent
	130 tpy
	Freight

(1 delivery/2 mo)
	Bulk
	General Shop Building
	7,400 gallon storage tank

	Cobalt Sulfate
	35 tpy
	Freight

(1 delivery/mo)
	67 lb bags in powder form
	General Shop Building
	In bags and batch mixed when needed

	Guar Gum (Galactosol)
	9 tpy
	Freight

(1 delivery/mo)
	70 lb bags in powder form
	General Shop Building
	Batch mixed on a daily basis (0.5% solution w/w)

	Liquid Sulfur Dioxide
	2,866 tpy
	Rail

(3 tank cars/mo)
	Bulk
	Adjacent to General Shop Building
	30,000 gallon pressurized storage tank with secondary containment

	Sodium Hydrosulfide
	847 tpy
	Tanker Truck

(3-4 tankers/mo)
	Bulk as a 45%  solution with water (w/w)
	Adjacent to General Shop Building
	52,600 gallon storage tank

	Limestone
	250,000 tpy
	Rail (2 100-car trains/week from April to October)
	Bulk
	Stockpiled on site
	Berms/ditches around outdoor stockpile with water that has contacted limestone collected and added to the plant process water.

	Lime
	58,100 tpy
	Freight

(150 loads/mo)
	Bulk
	Adjacent to General Shop Building
	Lime Silo

	Magnesium Hydroxide
	17,500 tpy
	Rail

(11 tank cars/mo)
	60% w/w magnesium hydroxide slurry
	Adjacent to General Shop Building
	Magnesium Hydroxide Storage Tank

	Caustic (NaOH)
	66 tpy
	Tanker Truck

(1 load/mo)
	50% w/w solution
	General Shop Building
	1,100 gallon storage tank

	Flocculant (MagnaFloc 342)
	26 tpy
	Freight
	1,875 lb bulk bags of powder
	Main Warehouse
	In bags and batch mixed regularly as

0.5% w/w solution

	Flocculant (MagnaFloc 351)
	180 tpy
	Freight
	1,875 lb bulk bags of powder
	Main Warehouse
	In bags and batch mixed regularly as

0.5% w/w solution

	Nitrogen (used in Hydrometallurgical Plant)2
	17,673 tpy
	NA
	NA
	NA
	NA


1
Since the July 2007 PD, PolyMet updated some of these quantities in comments they provided on the PDEIS (Scott 2009, Personal Communication)

2
Nitrogen used in the Hydrometallurgical Plant is produced as a byproduct in the Oxygen Plant and no shipping or storage is required (Scott 2009, Personal Communication)

Hydrometallurgical Process Water

A separate Hydrometallurgical Plant process water system would be required due to the different nature of the process solutions involved in the hydrometallurgical and beneficiation processes.  Hydrometallurgical process water would contain significant levels of chloride relative to the water in the milling and flotation circuits.  The system would distribute water to various water addition points throughout the Hydrometallurgical Plant and would receive water from the Hydrometallurgical Residue Facility (water that was used to transport hydrometallurgical residue to the facility).  Make-up water would come from flotation concentrate water and raw water. 

Required Process Services

The Plant Site would require various services to perform its functions.  These services are in addition to plant switching and site infrastructure needs that are described in Sections 3.1.5.3 and 3.1.5.4, respectively.  These services are summarized in Table 3.1-13.

Table 3.1-13
Plant Site Services 

	Service
	Source
	Source Location
	Needed for

	Compressed Air
	Duty/standby arrangement of rotary screw type compressors
	General Shop Building
	Provide air at a pressure of 100 psig for plant services

	Instrument Air
	Air withdrawn from the plant air receiver to an instrument air accumulator and dried in a duty/standby arrangement of driers and air filters
	General Shop Building
	Provide air for instruments

	Steam
	Natural gas-fired boiler
	Hydrometallurgical Facility
	Generates heat needed for start up of the autoclaves

	Diesel Fuel Storage
	Existing Locomotive Fuel Oil facility (storage is discussed in more detail in Section 3.1.2.8)
	Area 2 Shop
	Diesel for locomotives

	Gasoline Storage
	Existing storage facility – two 6,000 gallon tanks
	Main Gate
	Gasoline for vehicles

	Raw Water
	Water from Colby Lake via an existing pumping station and pipeline (see Section 4.1)
	Stored in the Plant Reservoir
	Plant fire protections systems, plant potable water systems, make up water for grinding and flotation process water, and hydrometallurgical plant process water (see Sections 3.1.7.1.8 and 3.1.7.2.10)

	Potable Water
	Existing Process Plant potable water treatment plant would be refurbished and reactivated
	Near the Plant Reservoir
	Potable water distribution system includes the Area 1 and Area 2 Shops

	Fire Protection
	Existing fire protection system would be refurbished, reactivated and extended to new buildings
	Plant Reservoir
	Area 1 and Area 2 Shops have independent fire protection systems

	Oxygen
	770 tpd Oxygen Plant.  Plant process takes in ambient air, compresses it, and separates the oxygen from nitrogen and other trace atmospheric gases.  Oxygen is transported via pipeline to plant processes and nitrogen and trace gases are returned to the atmosphere.
	Adjacent to Concentrator  (Figure 3.1-17a)
	Plant processes


3.1.5.3
Management of Process Waste Products

Flotation Tailings

During the DEIS process, the design of the Tailings Basin evolved, primarily in response to geotechnical and water quality concerns with the initial design as was first proposed in the June 2005 Scoping EAW.  To correct geotechnical issues with the original proposed design, PolyMet proposed a Tailings Basin – Mitigation Design (RS13B, Barr 2008; Barr 2008, Preliminary Geotechnical Evaluation; Barr 2009, FTMP Draft 02).  This design is described below.  As of June 2009, the Proposed Action – Mitigation Design (referred to as Geotechnical Mitigation in Jim Scott June 16, 2009 email, “PolyMet Proposed Action and Alternative”) became the Proposed Action and will be referenced as such throughout the DEIS. 
Under the Proposed Action, flotation tailings would be placed in Cells 1E and 2E of the former LTVSMC tailings basin (Figure 3.1-27).  The existing former LTVSMC tailings basin is unlined and was constructed in stages beginning in the 1950’s.  It was configured as a combination of three adjacent cells, identified as Cell 1E, Cell 2E, and Cell 2W and was developed by constructing perimeter embankments (starter dams) and placing tailings from the iron-ore process directly on native material. Perimeter embankments were initially constructed from coarse tailings or rock using upstream construction methods. The LTVSMC tailings basin operations were shut down in January 2001 and have been inactive since then except for Closure and reclamation activities consistent with a MnDNR approved Closure plan (Barr 2009, FTMP Draft 02).  

The Tailings Basin dams (Figure 3.1-28) would be constructed using LTVSMC bulk tailings that consist primarily of coarse tailings with limited amounts of LTVSMC fines and slimes mixed in.  The LTVSMC bulk tailings would be removed from the existing LTVSMC dams to the north and east of Cell 2W, from the southeast dam of Cell 1E and from the south dam of Cell 2E. The LTVSMC tailings would then be mechanically placed and compacted to specification   The Proposed Action also includes a mid-slope setback and construction of buttresses which would be constructed from LTVSMC Area 5 material

The tailings would also be deposited in slurry form through a system of pumps and moveable pipelines.  However, tailings would go into Cell 2E for the first seven years of operation, then into both Cells 1E and 2E, thereafter.  Tailings would be deposited to allow operations within the basin to be by gravity flow over discharge beaches when necessary and subaqueous via diffusers  throughout the pond.  The small and fairly uniform grind size of the tailings would allow for a fairly consistent particle size distribution to be achieved, minimizing segregation of coarse and fine portions.  When a discharge point is moved to a different location, the dam would be raised using the LTVSMC bulk tailings.  Tailings beaches would exist along the northern and northeastern dams of Cell 2E and the southern and eastern dams of Cell 1E.

The tailings would settle out of the slurry in the cells and the decanted water would be allowed to pond and be collected using a barge pump back system.  The barge system would consist of a primary pump barge in Cell 1E, an auxiliary pump barge in Cell 2E, piping from the primary pump barge to the Beneficiations Plant, and piping from the auxiliary pump barge to Cell 1E.  The auxiliary pump barge would not be needed once the cells combine to form one cell after the first seven years of operations.  The return water pipelines would be moved as dams are raised to keep the pipeline at or near the top of the dam.  The return water pipes would be fitted with a relief drain valve to allow for water to be drained back to ponds in case of shutdown during winter operations to avoid damage to the pipes from freezing or suction.  Pumps would also be fitted with deicing mechanisms to avoid freezing.

Hydrometallurgical Residue Management

The hydrometallurgical process would generate residues from five sources:

· Autoclave residue from the leach residue filter;

· High purity gypsum from the gypsum filter (depending on the market, this may become a saleable product, but is currently planned to be managed as a waste);

· Gypsum, iron and aluminum hydroxide from the raffinate neutralization filter;

· Magnesium hydroxide precipitate from the magnesium removal tank; and

· Crud and other minor plant spillage sources.

In addition to the above listed sources, solid wastes from the WWTF would be recycled directly into the Hydrometallurgical Plant to recover metals.  The WWTF solids would be similar to the Hydrometallurgical Residue Facility materials, consisting primarily of gypsum, metal hydroxides, and calcite (CP02, Barr 2008, Wastewater Treatment – Response to Comments in RS52).  The projected hydrometallurgical residue generation rate would be 794,000 tons annually.  This includes 261,000 tons of gypsum filter cake (gypsum), which would be produced annually in the solution neutralization circuit.  

These hydrometallurgical residues, along with the solid wastes from the WWTF, would be combined and disposed of in the Hydrometallurgical Residue Facility as described below.

Hydrometallurgical Residue Cell Design and Operations
The Hydrometallurgical Residue Facility would consist of four cells located within the southern and central portions of Cell 2W of the former LTVSMC tailings basin (Figure 3.1-29).  Cells would be irregular in shape and vary slightly in capacity.  Final capacities of each cell would be determined as part of the SDS permit application (RS 28T Memo 01, Barr 2008).
The first hydrometallurgical residue cell would be developed over a two year period.  Most of the earthwork and placing the liner in the cell would occur in the first year of construction.  The remaining earthwork and completion of the liner installation would occur in the second year of construction.  Subsequent cells would be developed in a similar fashion.  Cell layout and cross-sections are shown in Figures 3.1-29 through 3.1-32.  Hydrometallurgical residue cells would be lined to minimize release of water that has contacted the residue.  The liner would consist of a composite liner system utilizing a geomembrane liner above a geosynthetic clay liner.  It is the position of the tribal cooperators that this section should describe expected leakage rates during operations as well as the long-term effectiveness of the liner system.  Given that the applicant has not proposed any long-term maintenance of this system, these parameters should be described in this section and taken into account in sections of the EIS that predict long term surface and ground water quality.

Each cell would be filled by pumping the hydrometallurgical residue as slurry from the Hydrometallurgical Plant.  A pond would be maintained within the operating cell so that the solids in the slurry would settle out within the cell, while the majority of the liquid would be recovered by a pump system and returned to the plant for reuse.  The solid and liquid levels in the cell would increase incrementally over time.  The residue discharge point into the cell would be relocated as needed to distribute the residue throughout the cell.  The current Cell 1 residue discharge piping and water return piping layout is shown in Figure 3.1-33.  

The initial hydrometallurgical residue cell is planned to have sufficient capacity for approximately five years of service.  Construction of subsequent cells is anticipated on a 5-year cycle through the operating life of the facility.  Once a cell becomes full, it would be dewatered by an initial decanting of ponded water and then drainage from the residue would be collected using a geocomposite drainage net and system of sidewall riser and pump systems as shown in Figure 3.1-34.
Hydrometallurgical Residue Cell Closure

Cell Closure would begin once a cell’s capacity was fully utilized, and the cell has been drained and has become trafficable.  During each cell’s Closure activities, PolyMet flotation tailings or LTVSMC coarse tailings would be placed immediately above the hydrometallurgical residue with geotextile reinforcing placed in-between the residue and tailings if a working surface for the geomembrane barrier layer is needed.  A 40-mil low density polyethylene (LDPE) or similar agency-approved geomembrane barrier layer would be placed, then an additional LTVSMC coarse tailings layer would be placed to create the covered surface on which vegetation could be sustained (Figure 3.1-35; CP04, Barr 2008, Proposed Hydrometallurgical Residue Cell Closure Approach). 

It is the position of the tribal cooperators that this section should describe expected leakage rates during operations as well as the long-term effectiveness of the cover system.  Given that the applicant has not proposed any long-term maintenance of this system, these parameters should be described in this section and taken into account in sections of the EIS that predict long-term surface and ground water quality. 

3.1.5.4
Plant Site Water Management

Water would be consumed at the Plant Site in both the Beneficiation Plant and the Hydrometallurgical Plant.  For the most part, water operations within these two plants would operate independently.  The only exception would be the exchange of the concentrate from the Beneficiation Plant to the Hydrometallurgical Plant.

Hydrometallurgical Plant

All water that enters the Hydrometallurgical Plant would be consumed within the hydrometallurgical process, exiting as steam or becoming entrained within the solid waste residues or products generated through the hydrometallurgical process.  The average annual water demand rate for the Hydrometallurgical Plant would be 370 gpm, but varying from 0 to 660 gpm monthly as operating and climatological variations occur (RS 29T, Barr 2007).  At the same time, hydrometallurgical process residues would be disposed in the Hydrometallurgical Residue Facility, where the solids would settle out and the water would pond on the cells.  During operations, the ponded water would be pumped out of the Hydrometallurgical Residue Facility then returned to the Hydrometallurgical Plant by gravity flow.

In addition, water that is contained in process fluids, should spillage of these fluids occur, would remain within the Hydrometallurgical Plant buildings and be returned to the appropriate process streams.

Beneficiation Plant

Within the Beneficiation Plant, water would be used to carry the ore through the grinding and separation steps, then to transport the tailings to the Tailings Basin.  To the extent possible, water that would be used to transport tailings to the basin would be returned to the Beneficiation Plant, however some losses would occur through evaporation, storage within the pores of the deposited tailings, or seepage to groundwater under the Tailings Basin.

In addition, water that is contained in process fluids, should spillage of these fluids occur, would remain within the Beneficiation Plant buildings and be returned to the appropriate process streams.

Tailings Basin

The Tailings Basin would be the final collection and equalization basin for process water that flows through the Beneficiation Plant.  Direct precipitation and run-off from the process areas at the Plant Site would also be directed to the Tailings Basin.  

Under the Proposed Action, water that seeps from the toe around the perimeter of the Tailings Basin would be collected through a series of header pipes, seepage recovery trenches, and vertical extraction wells connected to pipes that would discharge to sump and pump systems and from there be returned to the Tailings Basin.  For the existing seepage that discharges into Knox Creek from the south end of Cell 1E, a cutoff berm and trench, coupled with a seep collection sump, and pump and pipe system would be used to route the seepage back into Cell 1E (Barr 2009, FTMP Draft-02).  This seepage recovery system would be placed approximately 200 to 250 feet downstream of the seepage face.  While this seepage recovery system would collect seepage from the toe of the perimeter of the Tailings Basin, some seepage would also occur downward, through the NorthMet tailings, through the underlying LTVSMC tailings, and into the groundwater.  The details of this seepage are described in greater detail in Section 4.1.

Should additional Plant Site make-up water be needed, treated water piped from the Mine Site, via the Tailings Basin, could be piped to the Plant Site.  Process water needs above and beyond that would be pumped from Colby Lake. 

These water management methods would result in no surface discharge of process water at the Plant Site or Mine Site and would minimize water needed via water appropriation from Colby Lake.

3.1.6
Transport of Products

A 1,500 to 2,000 hp GenSet locomotive, similar to the locomotives that would be hauling ore from the Mine Site to the Plant Site, would transfer loaded and empty cars carrying process consumables and concentrates to and from the interchange location with the Canadian National Railroad and the Plant Site.  Cars carrying process consumables and concentrate would meet rail common carrier requirements.

3.1.7
Project Closure

The Project is expected to complete mining approximately 20 years after operations begin.  PolyMet has developed a conceptual Closure Plan that would be updated as part of its application for the Permit to Mine (RS52, Barr 2007).  It is the position of the tribal cooperating agencies that the existing Closure Plan is insufficient to allow an adequate assessment of post-closure impacts.  The Proposed Action has changed significantly since the development of the Closure Plan, and additional detail is needed to appropriately inform post closure impacts, since those impacts depend on the specific plans and methods used to close the mine.  For example, the conclusions of the West Pit Lake Uncertainty Analysis indicate that "some of the waste rock stockpiles have the potential to leach solutes to groundwater for long periods (i.e., at least 2000 years)." Water quality of the leachate would "exceed USEPA primary MCL's and MDH Health Risk Limits." In order to adequately assess the environmental impacts of the Proposed Action, additional detail on the specific environmental impacts of this leachate and information about the remediation activities that would be needed to avoid damage to surrounding waters should be included in the Closure Plan.

The Closure Plan would be finalized to provide details for the final Closure of the actual as-built facilities during Project operations.  In addition, PolyMet would also submit an annual contingency reclamation plan, per Minnesota Rules, part 6132.1300 subpart 4 to identify activities that would be implemented if operations cease in that upcoming year.   

In general, Project facilities have been designed and would be operated to allow for progressive reclamation, or “mining in a manner that creates areas that can be reclaimed soon after initiation of the operation as practical and as continuously as practical throughout the life of operation” (Minnesota Rules, part 6132.0100).  This would leave a smaller portion of the Project area needing to be reclaimed at Closure.  The primary Project features that lend themselves best to this are the stockpile and pit areas at the Mine Site and the Hydrometallurgical Residue Facility cells at the Plant Site.

Closure activities at the Mine Site are shown in Figure 3.1-37, with features that would remain at the Mine Site during the Closure and Post-Closure period shown in Figure 3.1-38.  Closure activities at the Plant Site are shown in Figure 3.1-39.  

3.1.7.1
Building and Structure Demolition and Equipment Removal

Within three years after Closure begins, all buildings and structures would be removed and foundations razed and covered with a minimum of two feet of soil and vegetated according to the applicable Minnesota Rules, part 6132.2700 and chapter 3200.  Demolition waste from structure removal would be disposed in the existing on-site demolition landfill (SW-619) located northwest of the Area 1 Shops.  Concrete from demolition would be placed in the basements of the coarse crusher, fine crusher, and concentrator.

Most roads, parking areas, or storage pads built to access these facilities would be demolished during the three year schedule.  Utility tunnels would be sealed and closed in place.  Asphalt from paved surfaces would be removed and recycled and the disturbed areas reclaimed and vegetated according to Minnesota Rules, part 6132.2700.  Railroad track and ties that were not used by common carriers would be removed and recycled.  Any roads, which include mine pit access roads (Minnesota Rules, part 6132.3200) that may develop into unofficial off-road vehicle trails, would require a variance from MnDNR reclamation rules to allow a 15-foot-wide unpaved, unvegetated track down the centerline of the road.  Such approvals would also be coordinated with the St. Louis County Mine Inspector’s Office.

All mine, railroad, service, and electrical equipment would be moved from the pit to ensure they are above pit water elevations until they can be scrapped, decommissioned, or sold. Removal of the debris and equipment would be removed from the Mine and Plant Sites within one year unless the equipment would be used for reclamation or approval is received from the MnDNR commissioner.

Rail Transfer Hopper Demolition and Reclamation

At Closure, it is possible that the Rail Transfer Hopper would contain ore residuals, which would have acid and metal leaching potential.  Therefore, PolyMet developed a specific plan for handling the demolition and reclamation of this structure (RS 52, Barr 2007).  Above-ground concrete and steel structures would be razed within three years after Closure begins and the area covered with at least two feet of soil and vegetated according to Minnesota Rules, part 6132.2700 and chapter 3200.  If constructed with Category 1 and 2 waste rock, the rock platform from which trucks dumped into the hopper would be sloped and covered in the same manner as the Category 1 and 2 waste rock stockpile.  If constructed of inert material, the platform would be sloped and vegetated according to Minnesota Rules, part 6132.2700 and chapter 3200 (RS 52, Barr 2007).

Any ore remaining in the hopper, the direct ore loadout area, the Lean Ore Surge Pile, or anywhere else in the vicinity of the Rail Transfer Hopper as well as sediment removed from ditches and process water ponds in the Ore Handling Area, would be placed in the Category 4 waste rock stockpile.  Any remaining material located at the top of the rail loading platform would be tested and placed in an appropriate waste disposal location (e.g., the Category 3 or 4 waste rock stockpile, returned to the mine pits, or covered with at least two feet of soil and vegetated according to Minnesota Rules, part 6132.2700 and chapter 3200).

Special Material Disposal 

Special materials on-site at the time of Closure would be disposed of as follows:

· Asbestos-Containing Materials (ACMs) – detailed survey of ACMs (e.g., pipe and electrical insulation in existing LTVSMC utility tunnels, siding, hot water heating system insulation, lube system insulation, floor tile) would be conducted prior to demolition. Appropriate controls would be put in place or ACMs would be removed intact, properly packaged, and disposed in the on-site demolition landfill.  ACM locations in the landfill would be noted on the property deed.  Any ACMs found in utility tunnels would be sealed before the utility tunnel is sealed.  

· Nuclear sources (i.e., nuclear density gages used to measure slurry density during processing) – these sources would be removed and properly disposed.

· Partially used paint, chemical, and petroleum products – these materials would be collected and properly disposed.

Product and Product Tank Disposal  

The reagent suppliers, which would be under contract to PolyMet, would remove any reagents remaining at Closure.  In many cases, the suppliers of chemicals and equipment would be responsible for furnishing tanks and would therefore be required to remove and dispose of those tanks during Closure.  Those tanks for which PolyMet would be responsible would be demolished as follows:

· Clean tanks to remove remaining materials and sludge;

· Send remaining materials and sludges and wash materials to an appropriate recycling or waste disposal facility;

· Test large above-ground storage tanks for lead paint prior to demolition and, where found, disposal/recycling would be modified to accommodate the lead content;

· Disassemble all tanks for disposal or recycling, as appropriate;  

· Leave below-grade foundations in place and buried; and  

· Clean smaller ASTs tanks and remove without disassembly.  

Other Closure Details

There are several places where concentrate having up to 20% S could accumulate (e.g., dry concentrate storage bins, froth launders/sumps, concentrate thickeners, concentrate filters).  Because this would be a high value material, there would be an effort to ship as much as can be recovered.  However, material remaining in the equipment and process piping would be properly disposed in the hydrometallurgical residue cells or other MnDNR/MPCA-approved locations. 

PolyMet would also close on-site sewer and water systems, powerlines, pipelines (including hydrometallurgical residue pipelines), and culverts according to proper regulatory requirements.  

3.1.7.2
Reclamation of Mine Site

Mine Pit - Removal of Dewatering System

Prior to Closure, the East/Central Pit would be backfilled with Category 1 and 2 waste rock.  The primary dewatering systems, including power lines, substations, pumps, hoses, pipes and appurtenances, would be removed from both pits and the pits would be allowed to fill with water.  All areas disturbed during pipe removal would be graded and revegetated.  Some temporary pumps may remain in the pits for selected dewatering that would be performed during pit flooding. 

In addition, the following piping would remain:

· The water pipe between the WWTF and the East Pit could be used during Closure to convey treated water to the East Pit if insufficient water was otherwise available to maintain water levels;

· The water pipe from the West Pit to the WWTF could be used in Closure to convey treated water from the WWTF to the West Pit if insufficient water was otherwise available to maintain water levels; and

· The pipes used for stockpile drainage collection and conveyance to the WWTF would remain until water quality discharge limits at compliance locations would be met.

Mine Pit – East and West Pit Overflows and Outlet Control Structures

The East and West pits are expected to fill and have a net outflow of surface water.  Outlet structures would establish the steady-state water levels in the East/Central and West pits after Closure.  Overflows from the East/Central Pit would flow to the West Pit through a new ditch (Figure 3.1-40).  The East/Central Pit outlet structure would be formed out of bedrock or a reinforced concrete weir that is cast-in-place.

The West Pit outlet structure would be constructed on the southeastern side of the West Pit near the natural overflow.  The structure would be formed out of bedrock or a reinforced concrete weir that is cast-in-place.  The West Pit outlet structure would direct overflows into an existing wetland (Figure 3.1-40) that flows toward Dunka Road at Outlet Structure OS-5 and eventually into the Partridge River through an existing channel.  

West Pit Filling

Upon completion of mining operations and removal of pit dewatering systems as described above, the West Pit would begin to fill naturally with groundwater, precipitation, and surface runoff from the tributary watershed.  This is projected to result in filling the West Pit around Year 65 and subsequent overflow to the Partridge River (RS 74A, Barr 2008).  It is the position of the tribal cooperating agencies that this section should acknowledge that the pit lake will remain at the site in perpetuity and will exceed water quality standards, and should discuss its status as a “water of the state.”  

Mine Pit – Mine Wall Sloping and Revegetation

In accordance with Minnesota Rules, part 6132.2300, the toe of the overburden portion of all pit walls should be set back at least 20 feet from the crest of the rock portion of the pit wall.  Lift heights would be no higher than 60 feet and would be selected based on the need to protect public safety, the location of the pitwall in relation to the surrounding land uses, the soil types and their erosion characteristics, the variability of overburden thickness, and the potential uses of the pit following mining.  Finally, the overburden portions of the pit walls would be sloped and graded at no greater than 2.5H:1V and would be vegetated to conform to Minnesota Rules. 

Mine Pit – East/Central Pit Category 4 Foot-Wall Cover

Upon completion of mining, approximately 5,000 linear feet of the north wall of the East Pit is expected to consist of Virginia Formation or other Category 4-type rock material.
  If left exposed to the air, oxidation of this surface would occur, resulting in elevated concentrations of dissolved salts (sulfate) and metals entering the East/Central Pit surface water.  To mitigate this potential impact to surface water quality, a geosynthetic membrane cover system would be placed over the Virginia Formation and other Category 4-type rock surfaces as shown in Figure 3.1-41.  The cover system would be similar to the membrane cover system that would be placed over the Category 4 waste rock stockpile.  

Prior to backfilling with overburden or general fill, a layer of approximately four inches of limestone would be applied against the face of the Virginia Formation to help neutralize the acidity of the rock face (CP03, Barr 2008, Overburden Information – Response to Comments in RS52). Next, the overburden would be placed to approximately one foot above the top of the bedrock.  The slope of the fill material would be 3.5H:1V on the surface entering the backfilled pit.  Overburden fill would be used for the core of the membrane cover system, followed by a select bedding layer used to prepare the core-fill surface for installation of a textured geo-membrane.  The geomembrane would be keyed into both the upper and lower limits of the fill.  A vegetative soil layer would be placed above the geomembrane cover.  The toe of the slope would include additional fill for the establishment of wetland vegetation that would help to further stabilize the slope cover system.

It is the position of the tribal cooperating agencies that this section should describe the long-term effectiveness of the geosynthetic membrane that is proposed to cover the Virginia formation rock wall.  Given that the applicant has not proposed any long-term maintenance of this system, expected long-term leaching rates should be described in this section and taken into account in sections of the EIS that predict long term surface and ground water quality. 

Mine Pit - Pit Fencing and Access

A pit perimeter fencing system would be installed that would consist of fences, rock barricades, ditches, stockpiles, and berms.  The fencing system plan would be submitted to and approved by the St. Louis County mine inspector before installation.  Fencing would consist of five strands of barbed wire in most locations and five foot non-climbable mesh fencing with two strands of barbed wire at the top in areas where roads would remain adjacent to the fences unless other means are agreed to with the mine inspector.  

Safe access would be provided to the bottom of each mine pit (Minnesota Rules, part 6132.3200) via selected original haul roads built during pit development.  The access road would be selected such that, as pit water level rises, there would always be a clear path to the water surface.  A gated entrance would be placed at each of the pit access locations.  

Stockpiles - Waste Rock Stockpile Design and Cover

Throughout the mine life, stockpiles would have been reclaimed progressively, so that during Closure, much of the permanent waste rock stockpiles would have been covered.  Areas not fully reclaimed during operations would be covered within three years after the cessation of operations.  To provide an adequate base for sloping of cover materials, waste rock stockpile side slopes would be no steeper than 2.5H:1V, and the outermost layer would consist of local till soils (also known as “surface overburden” per Minnesota Rules, part 6132.2400, subpart 2, item C) adequate for vegetation growth.  To provide erosion control, catch benches at least 30 feet in width would remain on all waste rock stockpiles.

Vegetated soil cover systems are proposed for some stockpiles.  Based on the limited preliminary geotechnical investigation (RS49, Golder 2007), the soils at the Mine Site are predicted to perform favorably as soil cover materials.  The soil cover would be designed to promote runoff with minimal erosion and provide storage of moisture during the period when the vegetation is dormant.  The specific cover methods planned for each type of waste rock stockpile are described in Section 3.1.2.10 and summarized in Table 3.1-9.

It is the position of the tribal cooperating agencies that in order to adequately assess the potentially significant environmental impacts of a stockpile failure, a slope stability analysis must be performed and included in the DEIS.  For more information, see section 4.13 of this document.

Stockpiles - Pump and Pipeline Removal and Rerouting

During mining operations, pumps would convey process water collected from stockpile liners to the WWTF.  In Closure, some modifications would be made to these systems.  

If stockpile drainage ceases or meets water quality discharge limits via treatment through the East Pit wetland treatment system, the drainage would not be collected for treatment at the WWTF.  However, as long as there is drainage that does not meet discharge limits after wetland treatment, that drainage would be conveyed to the WWTF.  Effluent from the WWTF would then be pumped to the East Pit wetland treatment system.

As illustrated on Figure 3.1-42, the pump and pipeline configuration used for stockpile drainage collection and conveyance from the stockpiles to the WWTF would remain in place through Closure and Post-Closure until water quality analyses show the drainage water quality meets water discharge limits at compliance locations or unless other sufficient treatment means are provided (RS 52, Barr 2007).  

The pump and pipeline design proposed for the Lean Ore Surge Pile and Overburden Storage Area would be removed during Closure with the removal and reclamation of these areas.  The Lean Ore Surge Pile, Overburden Storage Area, and all associated appurtenances, including the pumps and drainage systems that would no longer be required, would be removed and the area restored during Closure.  This includes removal of Sumps S-6 and S-7 and the pumps and drainage systems from all six process water Sedimentation Ponds (PW-1 through PW-6).  The overburden portion of the Category 1 and 2 waste rock stockpile would be entirely reclaimed, so that all surface runoff would only be non-contact stormwater.  

Stockpiles - Runoff and Drainage during Closure

All waste rock stockpiles would be reclaimed by the final year of operations.  Once the stockpile has a final cover or established vegetation, runoff from the tops and sides of the reclaimed stockpiles would be classified as non-contact stormwater and would be routed through a system of ditches prior to being discharged into the natural drainage system.  Ditches on the stockpile surface would direct stormwater flows into channels that would route flows down the sides of the stockpile.

Water draining from stockpile liners and water collected in the stockpile foundation underdrains after Closure would be monitored, returned to the WWTF for treatment if necessary, and ultimately discharged to the East Pit treatment wetlands (RS 22, Barr 2008).

The Lean Ore Surge Pile and the Overburden Storage and Laydown Area southeast of the West Pit would be depleted during Year 20.  Once this occurs, the liner of the Lean Ore Surge Pile would be removed.  The Lean Ore Surge Pile and Overburden Storage and Laydown Area would be reclaimed.  

Watershed Restoration

During mining operations, stormwater runoff from reclaimed stockpile areas and natural (undisturbed) areas would be routed through use of a network of dikes and ditches to stormwater sedimentation ponds.  During and after Closure, PolyMet would modify these water management systems as described below.

Dike Removal

Once the stockpiles are reclaimed, perimeter dikes that are no longer needed to provide access or separation from the areas outside the Mine Site would be removed during Closure (Figure 3.1-43).  The dike located north of the East/Central Pit would remain in place with the purpose of minimizing mixing of the Partridge River flows with the East/Central Pit water and preventing gully development on the northern side of the pit in the segments not protected by the ditches that would be maintained during Closure (Figure 3.1-40).  In addition, the dike located north of the Category 1 and 2 waste rock stockpile and along the east boundary of the Mine Site would remain in place to allow access to groundwater monitoring locations. 

During Closure, surface runoff inflows would be routed to the mine pits using a combination of existing and new ditches (Figure 3.1-40).  Some portions of the pit rim dikes may be left in place after Closure if they were needed to prevent an uncontrolled flow to or from the pits and potential erosion (head cutting) of the pits walls.  A more detailed evaluation of this requirement would be conducted prior to Closure.

In all cases of dike removal, material from the main body of the dikes would be removed and used at the site for restoration of disturbed surfaces.  To minimize disturbance of subsurface soils, the subsurface seepage control component of the dikes would remain in place.  

As part of the dike removal work, typical construction erosion control measures would be used.  These might include installing silt fencing on the down slope side of disturbed areas and controlling surface water runoff.  The reclaimed surface would then be scarified, topsoil placed, and the area revegetated with native species within three years as specified in the Permit to Mine rules.

Ditch Filling/Rerouting and Pond Filling

During mine development, ditches would have been constructed to divert non-contact stormwater runoff from undisturbed (natural) and reclaimed areas away from process areas (stockpiles, pits, haul roads, etc.).  Figure 3.1-16 shows the alignment of the proposed ditches and the location of seven sedimentation ponds and outlet structures that would convey stormwater runoff collected in the ditches to the Partridge River.

In contrast, Figure 3.1-43 shows the ditches that would be rerouted or filled during the Closure period and the alignment of ditches that would be maintained during Closure to direct non-contact stormwater into the West Pit for filling.  Use of existing ditches would be maximized, but several new ditches would need to be constructed to direct stormwater runoff from the Mine Site into the East/Central or West Pits during Closure.  

During Closure, all seven stormwater ponds and all six process water ponds would be filled, covered with topsoil, and revegetated, or turned into wetlands.  If the process water ponds are converted into wetlands, any sedimentation that occurred within the pond would be evaluated to determine if removal or covering is necessary prior to restoration.

As shown in Figure 3.1-40, outlet control structures OS-1, OS-3, and OS-6 would be removed to restore the drainage flow paths to their natural conditions, where possible.  Outlet control structure OS-2 would remain in place along with the dike located north of the East/Central Pit with the purpose of minimizing the mixing of the Partridge River flows with the East/Central Pit water and preventing gully development on the northern side of the pit in the segments not protected by the ditches that would be maintained during Closure.  Outlet control structures OS-4, OS-5, and OS-7 would remain in-place to direct water under Dunka Road and the railroad to the Partridge River along natural drainage paths. As a requirement of the NPDES permit and/or Closure Plan for the facility, discharges from these outlet control structures would be monitored as necessary to ensure that runoff to the Partridge River would meet water quality discharge limits. 

PolyMet would develop a final Mine Closure and Reclamation Plan as part of the Permit to Mine, which would include sections on watercourse restoration, mine and plant site reclamation, structure demolition, site remediation, and ongoing maintenance/water treatment. An estimate for all Closure costs would be included.  The final Closure and reclamation plan would be updated annually to reflect changes in costs and integration with area mine reclamation/reuse strategies. As previously discussed, it is the position of the tribal cooperating agencies that the existing Closure Plan is insufficient to allow an adequate assessment of post-closure impacts.  

3.1.7.3
Reclamation of Plant Site

Flotation Tailings Basin

During Closure of the Tailings Basin, fugitive dust would be controlled by mulching and temporary vegetation.  The seepage collection system that would have been implemented during operations is expected to have continued use into Closure, although seepage collection would be occurring at progressively reduced rates. It is the position of the tribal cooperating agencies that in order to adequately assess post closure impacts, this section should estimate the length of time that seepage collection would be required at the tailings basin. 

Reclamation – Tailings Basin

Upon Closure of the Tailings Basin the following strategies would be applied (Barr, 2009, Flotation Tailings Management Plan (FTMP), Draft-02):

· Bentonite augmentation of the upper surface of the tailings to minimize surface water infiltration and facilitate the formation of a pond and wetlands at Closure;

· Control of fugitive dust on upland areas by mulching and establishment of permanent vegetation; and

· Periodic evaluation of dam stability by a qualified geotechnical engineer.

In addition, emergency overflow channels and/or outfall structures would be constructed to carry excess stromwater from the basin to the adjacent wetland only when needed during extreme precipitation events.  The channels and/or outfall structures would be sized and designed to safely discharge the design discharge and minimize surface erosion.  These channels and/or outfall structures would be lined with vegetation or rip rap to protect the channel from erosion or would consist of clog-resistant inlet structures and discharge pipes.  A rip rap delta would be installed where the drainage channel or pipe enters the wetland to distribute the stromwater.  Sediment control and energy dissipation structures would be incorporated at channel/outfall structure discharge points if needed based on final design determinations.  The conceptual location of the emergency spillway from the combined Cell 1E and Cell 2E to the adjoining land is shown in Figure 3.1-44.

Dewatering/Drainage

At Closure, several sources of water from the Tailings Basin would require management.  The sources and a summary of the type of management needed are described as follows:

· Ponded water within the basin – a pond would remain in the tailings basin in Closure.  Water would continue to be pumped from Colby Lake as needed to maintain the pond.  The pond would also receive surface water runoff from the crest and beaches of the basin.  The pond would continue to lose water via seepage during Closure.  

· Stored water held in the void spaces of the Tailings Basin – a portion of this water would be released as the pond level within the basin stabilizes at a lower elevation during Closure.  The volume of water that would drain from the tailings would depend on climatic conditions and the rate of drainage through the tailings perimeter embankments and to the foundation.  It would also depend on the volume of water permanently retained in the tailings.  

· Surface water runoff from the crest and beaches and precipitation falling on the basin - most of this water would flow into the pond (see 1st bullet above).  Some of this water would be collected through a series of horizontal drain pipes and lateral headers located in the northern basin dam and by the seepage barrier located south of the basin at the headwaters of Knox Creek.  This water would be recycled back into the pond water (see 1st bullet above).  As the pond reduces in size during Closure to about ¼ of its size during operations, the rate of drainage would be expected to decrease over time so that in the long term, the volume of water requiring handling would decline.  Therefore, the remaining Closure activity would consist of periodic inspection of the closed dams and water collection systems to ensure continuing integrity.  Additionally channels and/or outfall structures would be constructed to carry excess stormwater, due to an extreme precipitation event, from the basin to the adjacent wetland.

Cover and Revegetation

In order to achieve a closure system at the Tailings Basin that is largely maintenance-free as required by MnNDR rules, the closure surface would be graded to provide a gently sloping surface that effectively routes surface water runoff to the interior of the basin, accommodates future differential settlement of the underlying tailings, and maximizes ponding of water in the closed Tailings Basin pond for the development of constructed wetlands.

Once the entire facility is closed, any water collected by the seepage collection systems would be returned to the pond until it can be demonstrated by water quality that it is no longer necessary to actively manage Tailings Basin seepage.

Emergency Basin

An existing 35-acre Emergency Basin is located south of the existing LTVSMC tailings basin (proposed Hydrometallurgical Residue Facility) and contains material that overflowed from sumps in the concentrator during LTVSMC operations (Figure 3.1-44).

As part of the LTVSMC Closure process, the Emergency Basin was identified as an Area of Concern under the MPCA’s Voluntary Investigation and Cleanup (VIC) program.  Based on a Sampling and Analysis Plan submitted to the MPCA, PolyMet plans to collect multiple samples from the sediments and the groundwater in the Emergency Basin for analysis.  These samples would determine if any further work would be required to identify possible contamination.  If no contamination requiring cleanup is found, the area would be contoured to create wetlands and vegetated according to Minnesota Rules, part 6132.2700.  If contamination requiring cleanup is found, a Corrective Action Plan to address the contamination would be developed and submitted to the MPCA for approval.  PolyMet’s concept for the plan would be to minimize the amount of stormwater reaching the contaminated soil and, therefore, reduce the potential for contamination to be transported out of the Emergency Basin area. 

Regardless of whether contamination is found, detailed plans for any required drainage channels and/or outfall structure would be based on relevant hydrologic data and would be submitted to the MPCA for approval.  The Emergency Basin stormwater outflow would be monitored and inspected as approved by the MPCA or as defined in the SDS permit for the Hydrometallurgical Residue Facility.  

The Emergency Basin currently overflows through a culvert which is used to prevent any petroleum products floating on the surface of the basin water from escaping the basin.  The Emergency Basin would be reclaimed to create wetlands, and therefore an earthen overflow spillway berm would be constructed near the existing outlet to maintain water levels in the created wetlands and reduce long-term maintenance costs associated with a T culvert.

Hydrometallurgical Residue Facility Reclamation

At the time of Mine Site and Plant Site Closure, one of the four hydrometallurgical residue cells would still require Closure.  The other three cells would have been closed as part of routine operations at the site as described in Section 3.1.5.3.  Reclamation of the remaining open hydrometallurgical residue cell would include removal of ponded water from the cell surface, removal of pore water from the residue, construction of the cell cover system, and establishment of vegetation and surface water runoff controls. 

Ponded Water

As described earlier, the hydrometallurgical residue facility would be developed in 5-year increments over the 20-year operating life of the ore processing operations.  Each increment would include construction of individually lined cells.  A portion of each cell would be reserved for ponded water that would be used to facilitate settling of the hydrometallurgical residue solids discharged into the operating cell and would help clarify the water before it was returned to the plant for reuse.  This ponded water from the final cell Closure would need to be removed and treated.  

Ponded water removed from the cell would be pumped or hauled by tanker truck to the Mine Site WWTF for treatment and subsequent discharge to the East Pit wetland treatment system, or the water would be treated using a mobile temporary water treatment plant temporarily stationed at the hydrometallurgical residue facility and discharged to the flotation tailings basin pond.  Once the majority of ponded water was removed so that it was no longer reasonable to maintain transport of the water to the Mine Site WWTF or to an on-site temporary treatment facility, the remaining water would be collected by tanker truck for off-site treatment and discharge at a permitted wastewater treatment plant.

Drainage

At Closure, the residue void spaces in the one open cell would be full of water, a portion of which would be retained in the residue (stored water) while the other portion would drain from the residue (drainage).  Drainage would be collected from the base of the cells at the geocomposite drainage system and managed as noted previously for ponded water. 

The rate of drainage would decrease over time as the pore water within the hydrometallurgical residue was collected and removed.  Once the entire facility was closed, the volume of water draining from the drainage collection systems would decline and continued operation of the pipeline to the WWTF may no longer be justified, if it was initially used for this purpose.  In the long term, the volume of water requiring treatment would decline to the point that the remaining Closure activity may consist of periodic pumping of remaining drainage into tank trucks for transport, treatment and disposal as appropriate, and of inspection of the closed cells to verify integrity of the closure systems. It is the position of the tribal cooperating agencies that these pumping and water treatment activities would have to be conducted in perpetuity, and that the cover and liner would require perpetual maintenance.

Cover and Surface Water Runoff Control

The closure surface of the hydrometallurgical facility would be graded into a gently sloping surface.  The cover used at Closure would consist of a layer of NorthMet flotation tailings or LTVSMC tailings immediately above the drained hydrometallurgical residue.  This would be topped, if necessary, with a non-woven needle-punched geotextile fabric.  Next, a geosynthetic clay barrier layer and 40-mil low density polyethylene (LDPE) or similar agency-approved geo-membrane barrier layer system would be placed (Barr 2009, Hydrometallurgical Residue Management Plan).  If LTVSMC tailings particle size and angularity make it necessary to protect the geo-membrane from puncture, another geotextile layer would be placed on top of the geo-membrane.  Finally, additional LTVSMC tailings and local till soils would be placed to create a surface capable of sustaining a vegetated cover.

The cover would slope gently toward the site perimeter to accommodate natural drainage of the runoff.  Final cover slopes on the cell interior would be relatively shallow to minimize surface water runoff flow velocity and the associated erosion.  Runoff that becomes channeled along the cell perimeter would be routed down-slope via rip-rapped drainage swales or plug-resistant inlet structures and piping systems.  Once runoff is moved down the cell embankment, it would be routed to the flotation tailings basin pond.

Cover and Revegetation of the Building Area

After demolition of Plant Site buildings, these areas would be reclaimed and vegetated according to Minnesota Rules, part 6132.2700.  All areas would be stabilized as required for stormwater management.  Roads and parking lots would be reclaimed and vegetated according to Minnesota Rules, part 6132.2700.  Asphalt pavement would be recycled or properly disposed.

Closure Cost Estimate

In PolyMet’s January 2007 PD, a preliminary Closure Cost Estimate was included and is summarized in Table 3.1-14 below.  The preliminary Closure Cost Estimate assumed that the facility would be closed at the end of the 20-year proposed mine life.  The estimate also included remediation obligations PolyMet acquired with the acquisition of the Cliffs Erie property although these obligations would likely be completed during the mine life.  The costs provided were primarily intended only to provide an indication of the scale of the task and therefore were very rough estimates.  In addition, the estimates have not been updated to reflect changes to the Project per the July 2007 Supplemental PD or any of the changes thereafter.

Table 3.1-14
NorthMet Project Preliminary Closure Cost Estimate Summary

	Closure Task Category
	Proposed Cost

	Reclamation and Vegetation
	$6,437,447

	Remediation
	$4,488,328

	Structure Removal
	$21,729,956

	Watershed Restoration
	$2,897,200

	Monitoring and Maintenance
	$9,067,040

	Total
	$44,619,971


Source: PolyMet January 2007 PD

This Closure Cost Estimate differs from the Contingency Reclamation Cost Estimate that would be submitted with the Permit to Mine application according to Minnesota Rules, part 6132.1200, in that the Contingency Closure Estimate would assume that the facility closes one year after operations begin.  The Contingency Closure Estimate would be updated annually as part of the Permit to Mine annual report and would be the basis for computing financial assurance requirements for the Project.

Any additional detail regarding the amount of financial assurance associated with reclamation actions cannot be estimated until these actions are understood at a deeper level of design detail.  This detail is more typically made available during the permitting process.  Therefore, further discussion of financial assurance figures and instruments are not included in the DEIS.  However, the DEIS does recognize that Minnesota regulations require that financial assurance requirements be determined at the permitting phase. It is the position of the tribal cooperators that financial assurance should be fully explored in the DEIS.  This is particularly important given the potential for very long-term/perpetual treatment, maintenance and monitoring that may be needed for the Proposed Action. Because of its experience in expensive cleanups of contamination from many defunct or bankrupt sulfide mines, EPA Region 9 has strongly urged other Regions over the past two years to require financial assurance disclosure in the NEPA process.  New national rules for financial assurance are under development by EPA, because “Given the history of adverse environmental effects resulting from some hard rock mines, and the expenditure of public funds used in some cases to address environmental problems caused by mining, EPA believes it is necessary to analyze these factors in the DEIS.” (from InsideEPA.com, Tuesday, August 25, 2009).

3.1.8
Post-Closure Activities

Inspection, maintenance, and reporting activities would be required at the Mine Site and Plant Site after the Closure activities are complete.  For example, Mine Site process water and pore water from the Hydrometallurgical Residue Facility at the Plant Site would be treated using the existing WWTF as the primary treatment mechanism, and the constructed wetland in the East Pit as the secondary treatment mechanism.  It is the position of the tribal cooperating agencies that the applicant has not demonstrated the effectiveness of the secondary wetland treatment system. The effluent from the WWTF would be monitored on a daily and monthly basis as described in RS 52 – Mine Closure Plan Report, Tables 7-14 .6 and 7-14.7 and as required by relevant permits.  In addition, the chemical precipitates generated from wastewater treatment operations would be characterized and disposed in an off-site, licensed solid waste disposal facility.  These Post-Closure and reclamation activities would be expected to be ongoing for many years until such time as the various facility features are deemed environmentally acceptable, in a self-sustaining and stable condition. It is the position of the tribal cooperating agencies that the characterization of post closure activities as “occurring for many years” significantly underestimates the potential long term impacts of the project and the potential need for post closure activities to continue for hundreds or thousands of years.

Other continued maintenance activities that would continue throughout Post-Closure would include repair of stockpile slope erosion, tree removal on stockpiles and hydrometallurgical cells with membranes, and seepage collection from the Tailings Basin. Tribal cooperating agencies note that these activities would also have to be conducted in perpetuity.

When PolyMet has completed all reclamation required by the Permit to Mine, they may submit a Request for Release per Minnesota Rules, part 6132.1400.  This request would provide the Commissioner of the MnDNR with detailed information on the final reclamation status of the Mine Site.  Removal of the debris and equipment would be removed within one year, unless it would be used for reclamation or approval was received from the commissioner for it to remain longer. It is the position of the tribal cooperating agencies that if this project would require perpetual maintenance, it cannot be deemed to be “reclaimed” and would violate the stated goal of Minnesota’s reclamation statute. 

3.2
PROJECT ALTERNATIVES

The purpose of an alternatives analysis is to compare and contrast the impacts of reasonable alternatives to the Proposed Action, so as to better inform decision makers and the public about opportunities to reduce impacts.  During preparation of this DEIS, many alternatives were considered in order to determine if impacts affected environment could be reduced, while still meeting the purpose and need of the Project.  Some were alternatives considered as required by regulations, others were identified during scoping, and still others were identified after determining the Proposed Action would cause potentially significant adverse impacts. Tribal cooperators note that the scooping period for a federal EIS continues until the release of the DEIS.  Therefore, new issues that have been identified during the review of the three PDEIS documents must be considered for the DEIS. 

MEQB statutes and rules (Minnesota Statutes, chapter 116D, sections 04 and 045; and Minnesota Rules, part  4410, subpart 0200 through 7500) require that an EIS include at least one alternative in each of several categories, or provide an explanation as to why no alternative is provided for that category in the EIS.  The categories are: alternative sites, alternative technologies, modified designs or layouts, modified scale or magnitude, alternatives incorporating reasonable mitigation measures identified during EIS scoping and DEIS comment periods, along with the No Action Alternative (if the NorthMet Project were not built).

NEPA requires that a "range of alternatives" must be discussed in the environmental documents prepared for a proposed action (§ 40 CFR 1505.1(e)).  This includes all reasonable alternatives, which must be rigorously explored and objectively evaluated, as well as those other alternatives, which are eliminated from detailed study with a brief discussion of the reasons for eliminating them (§ 40 CFR 1502.14).  In determining the scope of alternatives to be considered, the emphasis is on what is "reasonable" rather than on whether a proponent or applicant likes or is itself capable of carrying out a particular alternative. 

Reasonable alternatives are those that are practical or feasible from technical and economic standpoints and using common sense, rather than simply desirable from the standpoint of the applicant.  The Purpose and Need statement for the Project (see Section 1.2) serves as a basis for identifying the reasonable alternatives available to the agency.  The agency must objectively evaluate all reasonable alternatives, and for alternatives which were eliminated from detailed study, briefly discuss the reasons for their elimination.  The range of reasonable alternatives covers those that substantially meet the agency’s purpose and need.  Furthermore, reasonable alternatives are to be evaluated in enough detail so that the reader can compare and contrast the environmental effects of the various alternatives.  The range of alternatives is guided, not controlled, by the goals of an applicant’s proposal.  

3.2.1
No Action Alternative

Under the No Action Alternative, the Project would not be constructed and open pit mining operations would not occur.  The Mine Site would continue to be managed largely in its current state; however, the Plant Site would continue to be reclaimed according to the previous LTVSMC Closure plan.  This alternative would avoid the environmental impacts associated with the Proposed Action; however, the social and economic benefits from the Project would not occur. Tribal cooperating agencies disagree with the assumption that the proposed project would only result in social and economic benefits. The environmental impacts of the project on the 100 Mile Swamp, an undisturbed and very high quality wetland complex, would constitute a social impact. Furthermore, economic development that is not centered on heavy industry (tourism for example) would be adversely impacted by the project.  At the end of the project life, there would also be negative economic impacts as the surrounding communities deal with the loss of primary employment and economic revenue streams that were dependent on the Project.  Local employment and economic revenue would not increase as a result of this alternative, but the negative post-closure impacts would be avoided.  This alternative would not meet the Purpose and Need of the Project, but may still be a reasonable alternative if the overall adverse impacts of the Project outweigh its benefits.

At the greenfield Mine Site, PolyMet would be required under exploration approvals to reclaim surface disturbance associated with exploratory and development drilling activities.  Other existing surface uses such as logging would continue under current USFS management plans.

No further upgrades or new segments would be constructed along the existing power transmission line, railroad, and Dunka Road, which would continue to be used by their private owners.

At the brownfield Plant Site, Cliffs-Erie LLC and PolyMet would be required to complete Closure and reclamation activities required under an existing MnDNR- and MPCA- approved Closure program.  This would include completing activities for the localized petroleum and other contaminant impacted areas under the VIC program (voluntary investigation and cleanup), former Plant Site building removal, and Tailings Basin embankment seep management.  Additional Tailings Basin water quality impact measures may be required but have not been fully determined as of this time.

3.2.2
Mine Site Alternative

This alternative consists of a modified design or layout at the Mine Site to reduce the Project’s potential impacts to surface and ground water quality by subaqueous storage of the higher sulfur waste rock in the East Pit.  This differs from the Proposed Action which would place lower sulfur waste rock subaqueously in the East Pit, and store the higher sulfur waste rock in surface stockpiles which would result in higher constituent concentrations in leachate and seepage.  

Under this alternative, no changes would be made to the transportation/utility corridor or the Plant Site.

This alternative would subaqueously dispose of the most-reactive waste rock (all Category 2, 3, and 4) in the East/Central Pit instead of the least reactive waste rock (Category 1 and 2).  Since Category 3 and 4 waste rock is more reactive, it may be preferable to dispose of this rock subaqueously (to prevent oxidation) and to process the Category 3 lean ore (removing sulfur) to the extent project economics will allow.  Temporary surface stockpiles (Figure 3.2-1) constructed with enhanced liner systems would be temporarily used to store the Category 2, 3, and 4 waste rock until mining of the East/Central Pit is completed and it becomes available for subaqueous waste rock disposal.  To the extent that Category 2, 3, and 4 waste rock is mined, it is beneficial to minimize the stockpile exposure time by mining as quickly as possible to accelerate the subaqueous disposal.  Limestone or lime may also be added to the temporary stockpiles to neutralize acid formation.  The Category 4 lean ore would be processed as it is mined and the Category 3 lean ore would be either processed or disposed in the East/Central Pit as waste rock as it is mined.  Temporary stockpiling would allow for additional waste rock processing during transfer to the East/Central Pit, pending market conditions.  The backfilling design capacity of the East/Central Pit would be 125 M tons.  Therefore, this pit can accommodate all the Category 3 and 4 waste rock, Category 3 lean ore, if necessary (99.3 M tons in total or 57.8 M tons without Category 3 lean ore); and to the greatest extent possible, Category 2 waste rock.
3.2.3
Tailings Basin Alternative

This alternative consists of a modified design or layout at the Tailings Basin to reduce the Project’s potential impacts to surface and ground water quality by capturing most of the seepage from the existing LTVSMC tailings and the proposed NorthMet tailings by a series of ground water pumping wells that would be installed on the lower most benches of the tailings facility (Anderson 2009 ERM Memo).  Captured seepage would be pumped and directly discharged to the Partridge River (Figure 3.2-3).  If it were determined upon further analysis during permitting, or during operational monitoring, that pretreatment were necessary prior to discharge, a water treatment facility could be installed. It is the position of the tribal cooperators that water treatment of the discharge would be required to comply with the wild rice water quality standard. The Partridge River contains several wild rice beds immediately downstream of the proposed discharge point. Passive treatment of the unrecovered seepage would also be tested during operations along the northern toe of the Tailings Basin, to determine the viability of installing a full-scale system during Closure designed to replace the seepage capture with an in-situ long-term water quality treatment method.  Geotechnical stability enhancement would be achieved by increasing the size of the rock buttress along the northern toe of the Tailings Basin.

This alternative resulted from the comprehensive mitigation planning effort by the co-lead agencies, and included input from all Cooperating Agencies and consulting tribes. Tribal cooperating agencies note that although they participated in the identification of potential mitigation measures for the tailings basin, they did not participate in the development of the tailings basin mitigation design. In addition, it is the position of the tribal cooperators that an untreated discharge of contaminated tailings basin water to the Partridge River in order to dilute and dispose of tailings basin water would have environmental impacts that must be avoided in order to adequately protect the environment. The planning process identified the alternative from combination of several potentially viable individual mitigation measures, collectively referred to as Combination 9F (Table 3.2-1).  Preliminary, semi-quantitative impact assessments indicated this alternative would reduce the adverse environmental impacts and would likely be technically, regulatorily, and economically feasible, in addition to meeting the Project Purpose and Need.  

Table 3.2-1
NorthMet Tailings Basin Mitigation Measures

	IDEA
	ISSUES IT ADDRESSES
	PRACTICABILITY

	#
	Potential Mitigation Measure
	Issue 1: Contaminant Sorption
	Issue 2:       Sulfate / Wild Rice
	Issue 3:         Sulfate/ Methyl mercury
	Issue 4:           Geotech       Stability
	Meets "Project Purpose and Need" 
	Technical Feasibility (H,M,L)
	Economic Feasibility (H,M,L)
	Regulatory Feasibility (H,M,L)

	Alternative to be Evaluated in DEIS

	C-9F
	During Operations: Vertical Wells pump seepage from embankment locations back into pond - Permeable Reactive Barrier demonstration test +/- contingency water treatment plant; During Post-Closure: if PRB test showed it was effective, install PRB at north of TB, if PRB test showed not effective, vertical wells may pump collected seepage to Partridge River downstream of Colby Lake +/- water treatment plant; Plus Rock Buttress
	Y
	N - little effect
	Y
	Y
	Y
	H (assuming contingent water treatment plant)
	M
	M

	Less Effective/Viable Options

	C-2B
	Partial Liner (TBM-11), Partial Dry Cap (TBM-7), Groundwater flows to wetlands, plus Rock Buttresses (TBM-6)
	Y
	N
	N
	Y
	Y
	H
	M
	L for MPCA at Post-Closure due to the minimal improvement in methyl mercury and wild rice standard

	TBM-3
	Full Liner
	Y
	Y
	Y
	Y
	Y
	M
	L
	H

	TBM-1 
	Groundwater Pumping
	Y
	Y
	Y
	Y
	Y
	H 
	M
	H

	TBM-2
	 Physical Barrier at Toe (2E seeps or beyond)
	Y
	Y
	Y
	N
	Y
	M
	M
	H

	TBM-20
	Collection ditch around toe
	Y
	Y
	Y
	N?
	Y
	M
	M
	H

	TBM-4
	Thickened or Paste Tails
	Y
	Y
	Y
	Y
	Y
	M
	L
	H

	TBM-8
	Chemical Modification to NorthMet Tailings
	Y
	Y
	Y
	N
	Y
	M
	M
	H

	TBM-17
	Permeable reactive barrier downgradient of toe
	Y
	Y
	Y
	N
	Y
	M
	M
	H

	TBM-6
	Increase Rock Buttress
	N
	N
	N
	Y 
	Y
	H
	H
	H

	C-5
	Physical Barrier (TBM-2), Dry Cap (TBM-7), Pump to Area 5 Pit, PRB test at RR Crossing, Discharge to Embarrass R.; plus Rock Buttresses (TBM-6)
	Y
	Y
	Y
	Y
	Y
	H
	M
	L

	C-7
	Permeable Reactive Barrier (TBM-17), Dry Cap (TBM-7), Groundwater flows to wetlands; plus Rock Buttresses (TBM-6)
	Y
	Y
	Y
	Y
	Y
	L
	M
	L

	C-9B
	Vertical Wells at toe (during operations & possibly Post-Closure), Dry Cap (TBM-7), Pump to Area 5 Pit, PRB test, Discharge to Embarrass R.; plus Rock Buttresses (TBM-6)
	Y
	N
	N - to lakes downstream, Y - to wetlands
	Y
	Y
	Unknown
	M
	H - for reducing methyl mercury risk in wetlands, but L since no change to methyl mercury in lakes

	C-4
	Physical Barrier (TBM-2), Wet Cap (PA), Water Treatment, Direct Pipe to Surface Water (TBM-9)
	Y
	Y
	Y
	N
	Y
	L
	H
	L

	C-8
	Paste or Thickened Tails (TBM-4), Vegetative Cover, GW Flows to wetland N. of TB
	Y
	Y
	Y
	N
	Y
	M
	L
	M

	C-9E
	Vertical Wells at toe (during operations), Dry Cap (TBM-7), Pump to Area 5 Pit, PRB test at RR crossing, Discharge to Embarrass R., PRB north of TB (during Post Closure) and groundwater flow north to wetlands; plus Rock Buttress (TBM-6)
	Y
	Y
	N
	Y
	Y
	H
	M
	L

	TBM-11
	Partial Liner (cover of LTV coarse tailings)
	Y
	Y
	Y
	Y
	Y
	M
	M
	M

	TBM-7
	Dry Closure Cap (organics, paper mill res, soil, etc.)
	Y (during Closure)
	Y (during Closure)
	Y (during Closure)
	Y (during Closure)
	Y
	M
	M
	H

	TBM-5
	Reduce Sulfate (from mine site waste rock collection) via Mine WWTF
	N
	Y
	Y
	N
	Y
	M
	H
	H

	TBM-16
	Partial treatment of pond water
	Y (but not Closure)
	Y
	Y
	N
	Y
	H
	M
	H

	TBM-18
	Use of another embankment source material
	Y
	Y
	Y
	Y
	Y
	M
	M
	M

	TBM-19
	Angled drain system, TBM-19a drains go into and pull from tailings; TBM-19b drains go into and draw from till below TB
	Y
	Y
	Y
	Y
	Y
	M
	M
	H

	TBM-15
	Timed release of sulfate water to Embarrass River
	N
	N
	Y
	N
	Y
	M
	M
	M

	TBM-9
	Direct piping of leachate from TB to Partridge R. watershed
	Y (gw)
N (sw)
	N
	Y
	N
	Y
	H
	H
	H

	TBM-24
	Lining of Cell 2W and disposing NorthMet tailings there (5-20 years capacity)
	Y
	Y
	Y
	Y
	Y
	L
	L
	M

	Considered but Eliminated

	C-1
	Partial Liner (TBM-11), Wet Cap (PA), Water Treatment (long term), Direct Pipe Surface Water (TBM-9)
	Y
	Y
	Y
	N
	Y
	H
	M
	L

	C-3
	Physical Barrier (TBM-2), Wet Cap (PA), Direct Pipe to Surface Water (TBM-9)
	N
	N
	Y
	N
	Y
	H
	H
	L

	C-6
	PRB (TBM-17), Wet Cap (PA), GW Flows to wetlands; plus Rock Buttresses (TBM-6)
	Y
	Y
	?
	Y
	Y
	L
	M
	L

	TBM-21
	Alternative location of a new basin (off LTV tails)
	Y
	Y
	Y
	Y
	Y
	M
	L
	M

	TBM-13
	Induced consolidation of LTV toe slimes
	N
	N
	N
	Y
	Y
	M
	M
	H

	TBM-12
	Modified embankment w/ only LTV Cell 2W tails (from embankment of Cell 2W) 
	N
	N
	N
	Y
	Y
	M
	H
	H

	TBM-22
	Manage sulfate loading from LTV waste rock sites (not PolyMet)
	N
	N
	Y
	N
	N/A
	M
	M
	M

	TBM-23
	Off-site in-pit subaqueous disposal of tailings
	Y
	Y
	Y
	Y
	Y
	M
	M
	M

	TBM-25
	Redesign NorthMet to underground mine and use as home for tailings storage
	Y
	Y
	Y
	Y
	Y
	M
	L
	M

	TBM-26
	Groundwater discharge of treated water
	Y
	Y
	Y
	N
	Y
	M
	M
	M

	TBM-27
	Co-disposal of tailings in surface and subaqueous waste rock facilities at Mine Site
	Y
	Y
	Y
	Y
	Y
	M
	M
	M

	TBM-28
	Chemical Modification of Hydromet cell sulfate
	N
	Y
	Y
	N
	Y
	M
	H
	H

	TBM-14
	Collection/incorporation of LTV Pit 5 water into NMet process
	N
	Y
	N
	N
	Y
	H
	M
	M


The basic components of this alternative are as follows:

(1) Vertical wells (to capture and pump Tailings Basin seepage) would be constructed on existing benches of the northern embankment of LTVSMC Cells 2E and 2W prior to operating the NorthMet Tailings Basin.  These wells may ultimately be extended around the eastern side of Cell 2E and the western side of Cell 2W embankments, depending on testing performed during the first several years of operations.  During operations, these wells would pump some water back into the Tailings Basin to be beneficially reused as make up water for mineral processing.  The remainder of pumped water would be discharged directly to the Partridge River downstream of the Colby Lake Outlet Structure.  During Closure and Post-Closure, all water would be pumped directly to the Partridge River (since no mineral processing would be occurring). The pumping wells would be operated long term and until no longer needed when water quantity, water quality, passive treatment, or other conditions allow.  [For additional information see Tina Pint June 16, 2009 memo, Tailings Basin – Alternative Pump-Out Well Locations; PolyMet/Barr’s Combination 9F write-up, received May 31, 2009; and PolyMet/Barr’s TBM-1A write-up, received May 20, 2009.]

(2) Permeable Reactive Barrier (PRB) demonstration testing would be conducted in a representative location north of the NorthMet Tailings Basin during operations to assess whether such a passive treatment method would be effective in reducing constituents of concern in Tailings Basin seepage.  Should the PRB test be successful, a permanent PRB could be built as a vertical unit through the flow path of the seepage from the Tailings Basin and/or a horizontal surface unit (i.e. constructed wetland).  Both the horizontal and vertical options would allow sulfate reduction and antimony and arsenic precipitation to occur within the reactive material (i.e., organic matter, iron filings, etc) so that any groundwater that flows to the surface would have lower concentrations of the chemicals of concern. The PRB, if built, may require periodic recharging.  [For additional information see PolyMet/Barr TBM-17 write-up, received May 20, 2009.] It is the position of the tribal cooperating agencies that the DEIS should include explicit estimates of how often “periodic recharging” would need to occur. 

(3) Partial dry capping of the NorthMet Tailings Basin upon Closure.  This cap would be constructed of either a bentonite clay amended or geomembrane plastic.  The cap would be placed over the crest of the perimeter dams (LTVSMC coarse tailings) and the inner beach areas (NorthMet bulk tailings). The interior of the basin would receive bentonite augmentation in both scenarios to reduce infiltration and to maintain a pond (a partial wet cap).  Surface water runoff from the partial dry cap would flow to the central area of the basin to help maintain the pond and to dilute the pond water.  Emergency overflows would be constructed to limit the pond to desired maximum pond elevations. [For additional information see Tom Radue, June 11, 2009 email, “June 10 Conference Call Follow-up Items 4 and 15,” and PolyMet/Barr TBM-7A write-up, received May 20, 2009]

(4) Increased rock buttress material would be placed along the toe of the northern embankment of Cell 2E.  It is assumed that raising the height of this buttress can be accomplished without additional wetland impacts beyond that of the Proposed Action.  Buttress construction material will consist of screened overburden material and waste rock from existing stockpiles from nearby taconite mine sources.  [For additional information see PolyMet/Barr TBM-6 write-up, received May 9, 2009.]

Under this alternative, no changes would be made to the Mine Site or transportation/utility facilities.

3.2.4 
Alternative Considered But Eliminated

Minnesota Rules, part 4410.2300, subpart G states that an alternative may be excluded if “it would not meet the underlying need for or purpose of the Project, it would likely not have any significant environmental benefit compared to the Project as proposed, or another alternative, of any type, that will be analyzed in the DEIS would likely have similar environmental benefits but substantially less adverse economic, employment, or sociological impacts.”  In accordance with the requirements of subpart G, Table 3.2-2 describes the alternatives previously considered, but subsequently eliminated from detailed analysis and the rationale for their elimination.

3.2.4.1
Alternative Sites

As determined in the Final SDD, the DEIS does not evaluate alternative sites to the Proposed Action.  The ore deposit is found at the NorthMet Mine Site so consideration of alternative mine sites would not satisfy the Project purpose.  Alternative greenfield plant or tailings basin sites were not carried forward in the analysis since the PolyMet proposal of using a Brownfield site avoids disturbance of a new area.  Off-site subaqueous disposal of waste rock was considered; however, the proposed on-site subaqueous disposal would provide the same environmental benefit and avoid the environmental impact of transporting the waste rock off-site.  Therefore, no off-site alternatives will be evaluated.  The Final SDD also stated that in-pit tailings disposal was to be evaluated.  The only available location for this was determined to be the LTVSMC Area 5 pit.  However, the Area 5 pit would not have capacity enough for all tailings produced, therefore a basin would be required even if this alternative was used.  Finally, the Final SDD stated that off-site disposal of non-reactive waste rock would be considered.  However, through the DEIS process, it was determined that the Project would not produce non-reactive waste rock, therefore this alternative does not apply to the Project. 

Table 3.2-2
Alternatives Considered but Eliminated

	Alternative Number
	Potential Alternative
	Meet the Purpose and Need
	Technically Feasible
	Economically Feasible
	Available
	Potentially Offer Significant Environmental or Socioeconomic Benefits
	Rationale

	Alternative Sites
	
	
	
	
	
	

	Eliminated Alternative 1 (E1)
	Off-site non-reactive waste rock disposal


	Yes
	Yes
	Yes
	Yes
	No
	This alternative was eliminated from consideration because the on-site subaqueous disposal alternative (Mine Site Alternative) offered all the benefits of off-site disposal without the added impacts associated with transporting the waste rock off-site (e.g., noise and emissions from the trucks).  In addition, further waste rock characterization shows there may be  no “non-reactive rock.”  

	E2
	Offsite, in-pit sub-aqueous reactive waste rock (preferably Category 3 and 4) disposal in the LTVSMC Area 3 pit or other previously disturbed land (including Area 2, 2W, 2WX, 5S, 5N, 5NW, and Dunka pits)
	Yes
	Yes
	Yes
	Partially
	No
	Area 2E, 2W, and 3 pits have 216, 136, and 90 million tons of proven taconite crude ore reserves, respectively, and have been recently sold to another developer.  Area 2WX pit has over 383 million tons of known mineral reserves and is optioned to Mesabi Nugget.  The Dunka Pit is under contract to another developer.  Therefore it is concluded that these pits are unavailable and have mineral reserves that would be lost if the pits were used for waste rock disposal.  The Area 5 pits are available; however, they were eliminated from consideration because the on-site subaqueous disposal alternative offered most of the benefits of off-site disposal without the impacts associated with transporting the waste rock off-site (e.g., noise and emissions from the trucks).

	E3
	Alternative mine pit
	No
	No
	No
	No
	Uncertain
	An alternative mine site would not meet the underlying need or purpose of the Project.  The mineralization of the desired elements within a geologic deposit dictates the location of the mine.  Eliminated in Final SDD.  

	E4
	Alternative Processing Plant site
	Yes
	Uncertain
	No
	Uncertain
	No
	An alternative Processing Plant site would not likely have significant environmental benefits over using existing mining industry infrastructure.  Eliminated in Final SDD.

	E5
	Off-site sub-aqueous in-pit tailings disposal (consider LTVSMC Area 2, Area 2W, Area 2WX, Area 3, Area 5S, Area 5N, and Area 5NW)


	Yes
	Yes, but insufficient disposal volume
	Uncertain
	Only Area 5 pits, thus insufficient volume of disposal capacity
	No
	Area 2E, 2W, and 3 pits have 216, 136, and 90 million tons of proven taconite crude ore reserves, respectively, and have been recently sold to another developer.  Area 2WX has over 383 million tons of known mineral reserves and is optioned to Mesabi Nugget.  Therefore we conclude these pits are unavailable and have mineral reserves that would be lost if the pits were used for waste rock disposal.

The Area 5 pits are available; however, they were eliminated from consideration because they do not provide the required disposal capacity for tailings. 

	E6
	Off-site subaqueous in-pit co-disposal of reactive waste rock, tailings, and/or overburden


	Yes
	Yes, but insufficient disposal volume
	Uncertain
	Only Pits 5S and 5N, thus insufficient volume of disposal capacity
	No
	Area 2E, 2W, and 3 pits have 216, 136, and 90 million tons of proven taconite crude ore reserves, respectively, and have been recently sold to another developer.  Area 2WX has over 383 million tons of known mineral reserves and is optioned to Mesabi Nugget.  Therefore we conclude these pits are unavailable and have mineral reserves that would be lost if the pits were used for waste rock disposal.

The Area 5 pits are available; however, they were eliminated from consideration because they do not provide the required disposal capacity for tailings. 

	Alternative Technologies
	
	
	
	
	
	

	E7
	Underground mining
	No
	Yes
	No
	Yes
	Possibly
	Not economically viable. The rate of ore production of an underground mine would not support the processing rate necessary to economically process the low grade ore, and therefore would not meet the Purpose and Need of the Project.  This reduced scale of production ties into the elimination of the modified scale or magnitude alternative discussed below.  Additionally, the ore deposit is shallow and broadly distributed throughout the Mine Site; which increases the safety hazards due to the risk of the mine ceiling collapse unless a sizable amount of ore was left in place and not recovered.

It is the position of the tribal cooperating agencies that this alternative was eliminated prematurely and without sufficient consideration. They note that analysis of unquantified environmental impacts, values, and amenities have not be en evaluated as required by CEQ regulations.  A study of this particular deposit was performed by U.S. Steel that recommended underground mining.  By examining cross-sections showing the distribution of ore by depth, it appears that there are substantial ore reserves at depths that likely could not be accessed by the proposed open-pit mine.  The ecological costs of open-pit mining and above-ground disposal of tailings and waste rock are immense.  This ecological cost, combined with the most current understanding of deposit ore grades and reasonably possible metals prices, must be evaluated to determine the viability of this alternative.  

	E8
	Other

Hydrometallurgical technologies
	Yes
	Yes
	Uncertain
	Yes
	No
	The Project uses a hydrometallurgical technology that does not include cyanide leach or other technologies that may have significant environmental effects.  Although there are impacts that are analyzed for the proposed hydrometallurgical process, other processing technologies would have no significant environmental benefit over the proposed technology.  Eliminated in the Final SDD.

	E9
	Concentrate-only operations mode
	No
	Yes
	No
	Yes
	Possibly
	PolyMet has proposed as an alternative operating scenario in limited circumstances, such as pre-hydromet startup and during maintenance and periods of high energy costs.  Normal operation in concentrate-only mode cannot sustain successful levels of metal recovery. 

	Modified Designs or Layouts
	
	
	
	
	

	E10
	Process the Category 3 and 4 lean ore and waste rock through the Processing Plant
	Yes
	Uncertain
	No
	Uncertain
	No
	While this alternative eliminates high sulfur waste at the Mine Site, thus reducing the potential for long term impact from the Mine Site, this alternative would increase the mass of tailings which would require increased storage volume and could increase groundwater impacts from the Tailings Basin.  In addition, the Plant’s ability to process very low metal content rock is unknown.

	E11
	Alternative designs and layouts for the ore Processing Plant.
	Yes
	Yes
	Uncertain
	Yes
	No
	Alternative designs and layouts of the ore Processing Plant would not likely provide significant environmental benefits over the Project.  Eliminated in Final SDD.

	E12
	Alternative ore transportation from the mine to the Processing Plant (e.g., conveyor belt)


	Yes
	Uncertain
	Uncertain
	Yes
	No


	The Project includes using existing railroads with construction of a short railroad spur from the mine to the Processing Plant.  Alternative designs and layouts would not likely provide significant environmental benefits over the Project.  Eliminated in Final SDD.

	E13
	Alternative ore transport from pit to surface (conveyors vs. trucks)
	Yes
	Possibly, but may require less steep pit.
	Possibly, would require a mobile  in-pit crusher
	Yes
	Possibly would reduce mobile source air emissions


	Conveying ore from pit to surface will require a mobile in-pit crusher and likely a less steep pit, which would increase land disturbance and wetland impacts. Although using a conveyor system could allow separation of large diameter rocks, which if used for construction purposes might produce drainage that would meet water quality discharge limits, practically these larger rocks are not useful for construction and would need to be further crushed.  Air quality benefits are not believed to be significant.

	E14
	Co-disposal of reactive waste rock and tailings on a lined tailing basin 
	Yes
	No
	Uncertain
	Yes
	Possibly
	The current Project description does not propose lining of the Tailings Basin, therefore this alternative is not feasible as a stand alone alternative.

	E15
	Pretreatment of Mine Site reactive runoff and discharge to City of Babbitt or Hoyt Lakes POTW
	Yes
	Uncertain
	Uncertain
	Uncertain
	No
	The current Project description no longer proposes a surface water discharge, but rather collects this water for beneficial reuse at the Processing Plant.

	E16
	Pretreatment of tailings basin process water and discharge to the City of Hoyt Lakes POTW
	Yes
	Yes
	Uncertain
	Uncertain
	No
	The current Project no longer proposes a surface water discharge, but rather collects this water for use at the Processing Plant.

	E17
	Use of Mine Site reactive runoff as make-up water for Processing Plant with single wastewater treatment at the Processing Plant.  Could include pretreatment and discharge to a POTW
	Yes
	Yes
	Uncertain
	Uncertain
	No
	The current Project includes use of Mine Site reactive runoff as make-up water for the Processing Plant.  However, a single wastewater treatment facility is located at the Mine Site.  Inclusion of pretreatment and discharge to one of the nearest POTW’s (Babbit or Hoyt Lakes) is not feasible as the POTW capacities would not accept this additional load (flow).

	E18
	Use of low sulfur waste rock as construction material
	Yes
	Yes
	Yes
	Yes
	No
	This alternative was eliminated because the low sulfur waste rock (Category 1) has been determined to be reactive.  

	E19
	Use non-contact stromwater from detention pond at Mine Site as process water to reduce withdrawals from Colby Lake and fluctuations in Whitewater Reservoir
	Yes
	Yes
	Yes
	Yes
	No
	MnDNR fisheries staff indicate that they would prefer maintaining the base flow in the Partridge River (to which the non-contact stromwater would otherwise flow) over reducing water level fluctuations in Whitewater Reservoir.

	E20
	Dispose of waste rock and/or tailings in West Pit
	Yes
	Yes
	Possibly
	Yes
	No
	There are additional mineral resources in the West Pit that would effectively be lost if the pit was used for waste rock and/or tailings disposal.   This alternative does not appear to offer significant benefits over the Mine Stie alternative already under consideration that would still allow future ore recovery in West Pit.

	Modified Scale or Magnitude
	
	
	
	
	

	E21
	Operating a smaller mine and ore processing facility
	No
	Yes
	No
	Yes
	No
	Although there may be environmental benefits from a smaller scale project, such as a smaller impact footprint (for wetlands, wildlife, vegetation, etc.), the cost of operating a smaller mine and ore processing facility for the low grade ore body will adversely affect the feasibility of the Project.  An 18,000 tpd operation was determined not to be feasible.  There may be some smaller scale of the operation than the proposed 32,000 tpd scale that would still be economically feasible, but the environmental benefits associated with this smaller scale of operation not produce significant environmental benefits.  Eliminated in Final SDD.


3.2.4.2
Alternative Technologies 

Evaluating alternative processing technologies to the Proposed Action was not carried forward in the DEIS since it was determined during the Final SDD process that alternative hydrometallurgy technologies would not have significant environmental benefits over the proposed hydrometallurgy technology.  The Final SDD stated that underground mining would not meet the purpose and need of the Project, “If the cost of developing an underground mine were so high that the proposer could not develop the Project.”  The following analysis is included in response to public inquiries regarding the feasibility of underground mining the NorthMet deposit. Tribal cooperating agencies disagree with the rationale used to eliminate underground mining as an alternative. See table 3.2-2 for details.

The minability and extraction rate of underground mining is largely dependent on the geometry of the deposit.  Standard underground mining practices for shallow-dipping ore bodies (such as NorthMet) require that pillars of rock be left in place to stabilize the mining areas against collapse (minimize human safety risks) and prevent craters, or sink holes, at the surface following extraction (minimize environmental risks).  The pillars result in abandonment of large quantities of ore as large segments of rock are left unmined, thereby reducing the overall minable tonnage of the deposit.  For homogenous (uniformly-distributed) mineral deposits such as NorthMet, the abandonment rate associated with such pillars is up to approximately 50 percent of the in-place ore (PEG Mining Consultants memo, July 2009).  The extraction rate associated with underground mining would be lower relative to bulk surface mining (e.g. 5,000 tons per day, compared to 32,000 tons per day, respectively) because large-scale equipment cannot access the deposit efficiently and the ore must be extracted with smaller equipment at a lower daily production rate.  Effectively, underground mining reduces the scale of the Project as there is less available ore and the daily extraction rate would decrease relative to bulk surface mining.  

During scoping a reduced ore processing rate alternative (approximately 56 percent of the Proposed Action) was evaluated and it was determined that daily production rates at that scale would not be economically feasible (the Final SDD stated that an alternative scale or magnitude would not feasibly meet the purpose of the Project - see below for alternative scale and magnitude discussions).  This reduced scale is within the range of the potential pillar ore that would not be mined if the NorthMet deposit were mined by underground technologies.  

Preliminary and approximate capital costs and unit operating cost per ton to extract the ore through both surface and underground mining methods are presented in Table 3.2-3.  

Table 3.2-3 Comparison of Surface and Underground Mining Costs for the NorthMet Deposit

	
	Surface Mining
	Underground Mining
	Cost Difference to use Underground Mining

	Capital Cost
	$18.5 million
	$120 to $180 million
	6 to 10 times greater

	Unit Cost (per ton)
	$3.26
	$20 to $50
	6 to 15 times greater


Sources:  PolyMet’s January 2007 NorthMet PD; and PEG Mining Consultants memo July 2009

The capital start-up costs for mining the NorthMet deposit using underground methods would be six to ten times the cost of surface mining and the unit operating cost per ton would be six to fifteen times greater than if the deposit was mined from the surface.  Underground mining would reduce the minable ore tonnage of the deposit by a significant amount (pillars of ore left in place for geotechnical stability) and by increased economic ore cut off grade, while at the same time requiring a substantial increase in both start-up and unit production costs.  

During the Scoping EAW and Final SDD process, it was determined that if the cost for developing an underground mine were found to be so high that the proposer could not develop the Project, this alternative would not meet the Purpose and Need of the Project.  The economic imbalance between increased capital costs and decreased production rates (modified scale and magnitude) would increase the overall costs and payback period such that the rate of return is not economically viable.  Therefore, this alternative would not meet the Purpose and Need of the Project and this technology alternative was not carried forward for further consideration.  

3.2.4.3
Modified Designs or Layouts 

During the Final SDD process, alternative designs and layouts for ore transportation from the mine to the Processing Plant were eliminated from further evaluation since the Proposed Action primarily includes use of existing railroads, requiring new construction only of a new railroad spur at the Mine Site and approximately one mile of new railroad between the railroad that serves the Mine Site and the railroad that serves the Processing Plant.  Therefore, it was determined that alternative designs and layouts would not likely provide significant environmental benefit over the Project.

Under the Proposed Action, the Processing Plant is sited on a brownfield site, where the LTVSMC Processing Plant existed previously.  Therefore, during the Final SDD process, alternative designs or layouts for the ore Processing Plant were eliminated from further evaluation as it was determined that they would disturb greenfield space and therefore would not provide a significant environmental benefit over the Proposed Action . 

The Final SDD stated that the EIS would evaluate the feasibility and environmental impacts of mining the NorthMet deposits as two mine pits, with one pit being completely mined out before the beginning of the second pit.  This evaluation was to consider the placement of the waste rock from the second pit into the first pit that was mined so that final pit lake and waste rock stockpiles would be considerably smaller.  In addition, this evaluation would consider the issue of encumbering resources and the feasibility of backfilling the pits with both reactive and non-reactive waste rock.  Through the EIS process, it was realized that the two pit layout (West Pit and East/Central Pit) and backfilling of the first pit to be mined (East Pit) with the least reactive (Category 1 and 2) waste rock from the later mined pit (West Pit) would render fewer environmental impacts and was therefore integrated by PolyMet into the Proposed Action as described throughout this DEIS.

The Final SDD also stated that the EIS would evaluate the chemical modification of reactive waste rock stockpiles and the co-disposal of reactive waste rock and tailings on a lined tailings basin.  The chemical modification of reactive waste rock stockpiles is listed in Table 3.2-2 Alternatives Considered But Eliminated (E14).  The co-disposal of reactive waste rock and tailings on a lined tailings basin was carried forward in the analysis as a mitigation measure (Table 3.2-1).

Finally, the Final SDD stated that the EIS would consider several options for management of wastewater:

· Pretreatment of Mine Site reactive runoff and discharge to POTW, considering the cities of Babbitt and Hoyt Lakes POTW’s;

· Pretreatment of Tailings Basin process water and discharge to the City of Hoyt Lakes POTW; and

· Use of Mine Site reactive runoff as make-up water for Processing Plant with single wastewater treatment at the Processing Plant.  This option could also include pretreatment and discharge to a POTW.

These three options were considered but eliminated as alternatives E15, E16, and E17 in Table 3.2-2.

3.2.4.4
Modified Scale or Magnitude

As discussed in Section 2.2.4, multiple ore processing rates were analyzed to determine the economic feasibility of the Project at various scales.  It was determined during the Final SDD process that although there may be environmental benefits from smaller amounts of mine waste associated with a smaller scale project, the cost of operating a smaller mine and facility would adversely effect the feasibility of the Project.  As part of the Project development, various mill feed rates (32,000 tpd and 18,000 tpd) were evaluated to estimate the economic feasibility of the Project.  The reduced scale operations (e.g., processing ore at 18,000 tpd) offered environmental benefits relative to the Proposed Action but the return on investment for the smaller operation was not economically feasible and therefore did not meet the Purpose and Need for the Project.  It was also determined during the Final SDD process that some smaller variability around the Proposed Action (32,000 tpd) scale could still be economically feasible; however, these smaller changes to the processing rate did not offer significant environmental benefits compared to the Proposed Action.  Therefore, no alternative scale or magnitude alternatives were carried forward for further consideration in accordance with the Final SDD.  

� 	Unless specified otherwise, all tons in this document are short tons.


� Equipment number as presented in air modeling.


� 	Average is calculated using the hours the Primary Crusher is actually running, as it would not run continuously.


� 	Note that the Project would only operate in Concentrate Mode temporarily, such as during construction/commissioning and maintenance of the Hydrometallurgical Plant.  A more extensive Concentrate Mode operation would not occur unless additional environmental review was completed.


� 	Raffinate is a solution that has been upgraded or refined by a process step.


� 	While the mitigation is targeting the Virginia Formation, the Virginia Formation is not continuous along the wall and there are some Duluth Complex Category 4 portions that would also be covered.
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