Draft Environmental Impact Statement (DEIS)

NorthMet Project


4.0
Existing Conditions and Environmental Consequences

4.1
WATER RESOURCES

This Water Resources section primarily focuses on water inputs to (e.g., surface water withdrawals) and outputs from (e.g., releases to surface or groundwater) Project operations through Post-Closure to evaluate Project effects on both surface and groundwater quantity and quality.  We have provided below a “roadmap” to the Water Resources section (Table 4.1-1) that guides the reader to the pages where key water resources topics are discussed.

It is the tribal cooperating agencies position that there are several fatal flaws in the water resources section. These fatal flaws are listed below. Hydrologic characterization and impact prediction at the mine site and the tailings area are not based on strong data:
1. Water Quantity and Flow

Baseline. The baseline data for both the mine site and the tailings basin are sparse. A comparison of hydrologic data that was collected for two other projects in the region (GLIFWC letter to Jon Ahlness and Stuart Arkley,  February 6, 2009) demonstrates that the PolyMet project is data-poor in the area of basic hydrology. The use of flow data on the Partridge River from a site twenty years and seventeen miles distant from the proposed project does not provide sufficient information to allow a full assessment of the hydrologic and environmental impacts of the project on the Partridge River. The lack of groundwater level data in the surficial aquifer and in the bedrock, except in the immediate vicinity of the mine pits, does not allow for a full or complete characterization of the watertable or the potentiometric surface in the bedrock or the surficial aquifer. The current bedrock groundwater model calibration to shallow wetland pizometers cannot be justified. The lack of groundwater level data at the tailings area except in the immediate area of the tailings piles prevents complete characterization of water tables, potentiometric surfaces, and groundwater flow direction. The dramatic scarcity of hydrologic data for the PolyMet project, both at the mine site and at the site of the tailings basins has been repeatedly recognized by hydrologists at technical meetings. Limited data collection to fill in the data gaps has  recently been conducted  and in general not incorporated into hydrologic analysis of the mine or plant site.

Analysis. Hydrologic characterization using MODFLOW models was done for the immediate area of the mine pit and the tailings pile only. There are no groundwater models that were designed to characterize the watertables, the potentiometric surface in the aquifers, fluxes to rivers and streams or to predict impacts to the water tables or surface waters. The MODFLOW groundwater model at the tailings area is restricted to the tailings pile and cannot be used to characterize groundwater flow direction, the watertables, the potentiometric surface in the aquifers, fluxes to rivers and streams or to predict mounding impacts to the water tables or surface waters. Data driven models need to be developed and these impacts need to be predicted and evaluated.

The view that mine pit dewatering impacts will be very limited or non-existent (Adams, John and Michael Liljegren. 2009 “Additional PolyMet peatland data / information.” email communication to Stuart Arkley. February 1, 2009) is based on the assumption that there is little or no connection between the bedrock and surficial aquifers (GLIFWC 2009, Memorandum to Jon Ahlness and Stuart Arkley: Photographic evidence for pit impacts to wetland hydrology. April 24, 2009). However, the scant data that does exist characterizing mine site hydrology suggests that there may be substantial connection between the bedrock and surficial aquifers. Such a connection would mean that dewatering of the mine pits could cause significant drawdown of the watertable in the surficial aquifer. Data presented in RS02 indicates that ammonia can be found in deep boreholes. Section 3.3 Analytical Results, Pg.10 of RS02 states: "The water sample from boring 05-407M exceeded the criteria for ammonia (1,900 ug/l)”; and goes on to state, “The sample from boring 05-401M exceeded criteria for ammonia (610 ug/l)."; and “Water quality criteria were exceeded for ammonia, aluminum, copper, and silver in both boreholes.”; and concluded that, “The presence of ammonia in the deep boreholes may indicate that the water in the borehole came from the shallow surficial deposits. Ammonia is not typically found in deep bedrock systems but is common in wetland environments." Similarly, technical document RS10 concludes: “The presence of ammonia nitrogen in the samples likely indicates that there is a hydraulic connection between the bedrock aquifer and the surficial aquifer; however, the nature of this connection cannot be determined at this time." Furthermore, tritium data also presented in RS10 suggests that deep water is of relatively recent origin. 

While professional opinion can be very useful in predicting mine impacts, it must be tempered with site specific knowledge based on quantitative data. Models, using assumptions based on professional judgment, that adequately characterize the hydrology of both the mine site and the tailings site must be developed so that hydrologic data can be integrated into the best characterization of the area’s hydrology possible. Such models depend on the reasonable use of

professional judgment but require a significant amount of real, site-specific data. The expertise of both local hydrologists and hydrologists with experience in other settings is needed to develop a plan for hydrologic data collection and for formulating the appropriate models to integrate the hydrologic data.

2. Water Quality.

The old LTV taconite mining and processing site encompasses approximately 60,000 acres. The PolyMet project would use some of the degraded areas of the old LTV site to develop the mine plant site and re-use the tailings basin. Groundwater contamination from the previous mining activities is still an issue near the LTV tailings basin more than twenty years after operations ceased. Because of the limited distribution of monitoring wells, the extent of the contaminant plume is not known. However, recent well data show that the plume extends in some areas at least as far as private wells along the Embarrass River. In the wells that do exist near the tailings basin, pollutants including iron, sulfate, manganese, aluminum, and fluoride exceeded drinking water standards. Recent wells near the northern property line show substantial contamination of the groundwater aquifer (Barr 2009, Memorandum: Results of Tailings Basin Hydrogeological Investigation. June 2, 2009). The baseline data on which to base estimates of the impact of the proposed project on water quality at the mine site and the tailings basins is insufficient. The existing analysis for the PolyMet project calculates the additional constituents that the project will add to groundwater but is unable to realistically estimate what the resulting water quality will be because background water quality has not been incorporated into the estimates. Private domestic wells lie between the tailings basin and the Embarrass River where tailings basin discharge water is expected to ultimately discharge. Some of the sampled private wells have contaminants at levels several times the drinking water standard (Barr 2009, Memorandum: Results of residential well sampling north of LTVSMC tailings basin. January 27, 2009) Samples from these wells show exceedances of manganese and close to exceedances of the arsenic standard. Once a groundwater flow model is developed that would show the direction and rate of groundwater flow, that pattern of flow should be used to plan a groundwater sampling scheme that would map the extent of the existing contaminant plume. This data and analysis should then feed into estimates of how the proposed project would interact with existing contamination. The combination of existing conditions with impacts due to the proposed project would show what groundwater quality can be expected during and post project.

Surface water quality at the project has been poorly characterized or left uncharacterized. The limited data that exist suggest that surface waters are already adversely impacted by mining activity. Mercury, sulfate and specific conductance have exceeded Minnesota surface water criteria in surface water samples collected near the tailings basin proposed for use by PolyMet, at nearby Area Pit 5, and mercury exceeds surface water criteria in the Partridge River downstream of Colby Lake. However, no water samples have been collected from lakes near the tailings basin (Hiekkilla, Mud, Kaunonen, or Hay Lakes) to determine if the pollutants found in the surface and groundwater at the existing tailings pile have caused contamination of those waterbodies. Contaminant transport modeling  suggests that the PolyMet project will cause  manganese, aluminum and sulfate to exceed standards. Proposals to collect data and monitor groundwater after the issuance of the DEIS would not allow for identification of potentially significant groundwater and surface water impacts or provide this  analysis and information to the public during the primary public comment period..
Table 4.1-1
Water Resources Section Page Number Roadmap

	Key Topics
	Existing Conditions
(EC)
	Proposed Action

(PA)
	No Action

Alternative

(NAA)
	Mine Site Alternative

(MSA)
	Tailings Basin Alternative

(TBA)

	Groundwater levels at Mine Site
	4.1-2
	4.1-48
	Same as EC
	Same as PA
	Not applicable

	Groundwater quality at Mine Site
	4.1-7
	4.1-53
	Same as EC
	4.1-107
	Not applicable

	Flows in the Upper Partridge River
	4.1-19
	4.1-77
	Same as EC
	Same as PA
	Not applicable

	Water quality in Upper Partridge River
	4.1-30
	4.1-87
	Same as EC
	4.1-111
	Not applicable

	Water levels in Colby Lake
	4.1-22
	4.1-83
	Same as EC
	Same as PA
	4.1-122

	Water quality in Colby Lake
	4.1-32
	4.1-92
	Same as EC
	
	Not applicable

	Flows in the Lower Partridge River
	4.1-24
	4.1-84
	Same as EC
	Same as PA
	4.1-123

	Water quality in Lower Partridge River
	4.1-35
	4.1-93
	Same as EC
	
	4.1-124

	Groundwater levels at Tailings Basin
	4.1-5
	4.1-51
	4.1-104
	Not applicable
	4.1-117

	Groundwater quality downgradient of the Tailings Basin 
	4.1-10
	4.1-67
	4.1-104
	Not applicable
	4.1-118

	Flows in the Embarrass River
	4.1-24
	4.1-85
	Same as EC
	Not applicable
	4.1-125

	Water quality in Embarrass River
	4.1-36
	4.1-94
	4.1-104
	Not applicable
	4.1-125

	Mercury in water
	4.1-40
	4.1-97
	4.1-105
	4.1-114
	4.1-127

	Impact Summary Table
	Not applicable
	4.1-103
	4.1-105
	4.1-116
	4.1-128


4.1.1
Existing Conditions

4.1.1.1
Meteorological Conditions 

The Project is located near the headwaters of the Partridge and Embarrass River watersheds at approximate elevation of 1,600 feet above mean sea level (feet msl).  Meteorological data are available for the Project area from two weather stations operated by the National Weather Service (NWS) - Babbitt 2SE (located about five miles from the Mine Site) with 66 years of records and Hoyt Lakes 5N (located about one mile from the Plant Site) with 25 years of records (Figure 4.1-1).  

Table 4.1-2 shows the monthly and annual average air temperature and precipitation for the two NWS stations.  Precipitation averages approximately 28 inches annually.  Snowfall in the Project area typically occurs between October and April.  Rainfall statistics from various storm events for this area were obtained from the Rainfall Frequency Atlas of the Midwest (Huff and Angel 1992).  Estimates of annual average evaporation for northern Minnesota range from 18 inches (Siegel and Ericson 1980) to 22 inches (Meyer 1942).  Pan evaporation measurements indicate no evaporation occurs during the winter months.  

Table 4.1-2
Normal Monthly and Annual Average Air Temperature and Precipitation near the NorthMet Project

	Station Name
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Annual

	Air Temperature (°F)

	Babbitt
2 SE
	6.7
	14.4
	25.7
	40.3
	54.6
	62.4
	66.6
	64.5
	54.9
	43.3
	26.5
	12.0
	39.3

	Hoyt Lakes 5N
	3.4
	8.6
	21.8
	37.5
	52.3
	58.9
	64.9
	61.4
	51.8
	41.0
	25.4
	8.7
	36.3

	Precipitation (inches)

	Babbitt
2 SE
	0.83
	0.65
	0.97
	1.49
	2.82
	3.96
	3.61
	4.14
	3.44
	2.90
	1.92
	0.92
	27.65

	Hoyt Lakes 5N
	0.95
	0.81
	1.46
	1.49
	3.01
	3.98
	3.84
	4.38
	3.17
	3.06
	1.21
	0.78
	28.15


Source:  Western Region Climate Center, Reno, NV (www.wrcc.dri.edu/htmlfiles/mn/mn.01.html) 

Period of Record: Babbitt = 1920 to 1986; Hoyt Lakes = 1958 to 1983.

4.1.1.2
Groundwater Resources

This section describes the existing geologic and hydrogeologic setting and groundwater resources that could be affected by the Project.  Principal groundwater resources are contained in bedrock geologic units and overlying surficial glacial deposits (also referred to as unconsolidated deposits).  Saturated conditions exist within the unconsolidated deposits and in the underlying bedrock at the Mine and Plant Sites.  Recharge to the bedrock aquifers is by infiltration of precipitation in outcrop areas and leakage from the overlying surficial aquifer (Siegel and Ericson 1980).  The water table is primarily located within the surficial aquifer, but is likely located within the bedrock in areas of local bedrock highs. 

Hydrogeology

Mine Site

Over 10 copper-nickel-PGE deposits have been identified along the northern margin of the Duluth Complex.  The NorthMet deposit is located within the Partridge River intrusion on the southern flank of the Mesabi Iron Range, which hosts large taconite iron ore mines, the closest of which (Peter Mitchell Mine) is about one mile north of the Mine Site.  The deposit consists of disseminated copper-nickel-iron sulfides, with minor local massive sulfides, hosted in layered heterogeneous troctolitic (plagioclase and olivine with minor pyroxene) rocks forming the basal unit of the Duluth Complex.  Extensive drilling within the Partridge River intrusion (over 1,100 drill holes) has identified seven layered troctolitic igneous rock units dipping southeast in the NorthMet deposit (Figure 4.1-2).  Unit 1, which has the most economic sulfide mineralization, is the oldest layer and hosts the Project ore body.  

The footwall rocks below the NorthMet deposit consist of Paleoproterozoic sedimentary rocks.  The youngest of these sedimentary rocks is the Virginia Formation, which directly underlies Unit 1 across all of the Project (i.e., the Duluth Complex only contacts the Virginia Formation and does not contact the older sedimentary formations below, as shown in Figure 4.1-3).  The Virginia Formation consists of a thinly-bedded sequence of argillite and greywacke and contains relatively high sulfur content.

Underlying the Virginia Formation is the Biwabik Iron Formation, which is the source of taconite iron ore and is an important water source for residential and community wells in the region.  The NorthMet mine would retain about a 100-foot separation from the Biwabik Formation (RS22, Barr 2007).  The oldest of the sedimentary rocks is the Pokegama Quartzite.  These sedimentary rocks are underlain by Archean granite of the Giants Ridge batholith.

The Biwabik Formation has a relatively high permeability, whereas the Virginia Formation and Duluth Complex are much less permeable (Siegel and Ericson 1980).  PolyMet conducted several aquifer tests to characterize the hydraulic conductivity and specific storage values for the bedrock aquifers underlying the Mine Site, although no testing was done in the Biwabik Iron Formations (Table 4.1-3).  As indicated above, the Biwabik Iron Formation is believed to have the highest hydraulic conductivity, followed by the Virginia Formation, with the Duluth Complex having conductivity at least one order of magnitude lower.  As part of the aquifer testing, a range of specific storage values for the bedrock aquifer (i.e., 2.3 x 10-5 to 5.5 x 10-7 ft-1) was determined from time-drawdown data at observation wells.  The specific capacity tests conducted in two wells indicated that the upper portion of the Virginia Formation is more permeable than the lower portion (RS10A, Barr 2007).  This is attributed to the increased amount of fractures and joints in the bedrock closer to the surface.  Overall, groundwater flow within the bedrock units is thought to be primarily through fractures and other secondary porosity features because the rocks have low primary hydraulic conductivity.  Near the ground surface, groundwater in the bedrock is thought to be hydraulically connected with the overlying surficial aquifers, resulting in similar flow directions (RS22, Barr 2007).  

Table 4.1-3
Bedrock and Surficial Aquifer Hydraulic Conductivity Estimates at the Mine Site

	
	
	Hydraulic Conductivity
	

	Aquifer
	Test methods
	Range
	Geometric Mean
	Reference

	Surficial
	Lab permeability tests on silty sand samples
	4.3x10-4 ft/day to 8.1x10-3 ft/day
	NA
	Appendix B in RS22B, Draft 03, Barr 2008

	
	Single-well tests of various unconsolidated deposits
	1.2x10-2 ft/day to 3.1x101 ft/day
	NA
	Appendix B in RS22B, Draft 03, Barr 2008

	Duluth Complex
	Single-well aquifer tests on 10 exploratory borings
	2.6x10-4 ft/day – 4.1x10-2 ft/day
	2.3x10-3 ft/day
	RS02, Barr 2006

	Virginia Formation

- Upper Portion
	4 pumping wells and 5 observation wells
	2.4x10-3 ft/day - 1.0 ft/day
	0.17 ft/day
	RS10, Barr 2006

	Virginia Formation

- Lower Portion
	Single well aquifer tests on 2 wells
	NA
	0.047 ft/day
	RS10A, Barr 2007

	Biwabik Formation
	Specific capacity tests
	0.9 ft/day
	
	Siegal and Ericson, 1980


The overlying surficial sediments at the Mine Site are poorly sorted and range from very dense clay to well-sorted sand with boulders and cobbles (RS02, Barr 2006; RS49, Golder 2007).  Shallow borings and test trenches at the Mine Site encountered bedrock at depths ranging from 3.5 to 17 feet below ground surface (bgs), so the surficial aquifer is not very thick.  The site exploration drilling database, drilling logs, and geophysics (electrical resistivity) data were used to develop an estimated depth to bedrock isopach map (RS49, Golder 2007).  The isopach map indicates that more than 75 percent of the surficial cover at the Mine Site is 20 feet thick or less, and 92 percent is less than or equal to 30 feet in thickness.  Although the isopach contouring indicates local depressions in the bedrock where estimated surficial cover thickness reaches 50 feet, no major areas of highly permeable outwash sands and gravel have been reported that might serve as groundwater conduits through the unconsolidated material.

The Mine Site has extensive wetlands overlying the relatively thin surficial till aquifer with bedrock fairly close to the surface.  Based on well logs, soil borings, and available soil mapping, the hydrology of these wetlands is characterized by a waterlogged organic soil body perched over dense clayey till or a more localized sandy surficial aquifer and represent bog wetlands (RS 44, Barr 2006).  Most of the wetlands are mapped as Rifle mucky peat and Greenwood peat mapping units in the Natural Resources Conservation Service soil survey system.  These soils are typically characterized by fibric peat in the upper horizons underlain by mucky peat to a depth of up to five feet or more.  These bogs are isolated from the underlying groundwater, receiving virtually all of their water and nutrient input from precipitation.  They receive essentially no groundwater inflow and have extremely low seepage rates to the underlying surficial aquifer. Tribal cooperating agencies strongly disagree with this conclusion. It is the tribal cooperating agencies’ position that there is no data to substantiate this assumption. This assumption is based on incidental observation and the analysis of aerial photography, which is by its nature imprecise (Adams, John and Micheal Liljegren. 2009 “Additional PolyMet peatland data / information.” email communication to Stuart Arkley. February 1, 2009). Tribal cooperating agencies note that the wetland delineation indicates the presence of several hundred acres of cedar swamps and tamarack wetlands. These vegetation types, by definition, rely on an influx of groundwater to support them. Finally, tribal cooperating agencies note that the wetland delineation does not encompass all wetlands that are likely to be affected by the project. Because no initial determination of the projects area of influence (AOI) on wetlands was made, the site field surveys of wetland and other vegetation was limited to little more than the area within the project fence. The existing characterization of wetland and other vegetation does not cover even one-half the area that might reasonably be expected to be impacted by secondary impacts of the mine due to disruption of the existing hydrology. Around the tailings basin virtually no wetland delineation has taken place although wetland impacts from inundation are likely to occur.

Based on the groundwater elevations within the surficial deposits (Figure 4.1-4), groundwater at the Mine Site generally flows to the south, with the major component from the north-northwest direction to south-southeast (perpendicular to the strike of the bedrock geologic formations) toward the Partridge River, which is the major discharge point for the area.  Based on limited MnDNR well records in the Project area, natural groundwater levels in the glacial till vary seasonally between 3 and 10 feet.  At the Mine Site, depth to groundwater is generally less than five feet below the ground surface (RS02, Barr 2006).  Because of the shallow water table and the generally thin nature of the surficial aquifer, flow paths within the surficial deposits are generally thought to be short, with the recharge areas being very near the discharge areas.  Groundwater divides generally coincide with surface water divides.  However, groundwater flow is interrupted by bedrock outcrops, which force deviations in the groundwater flow field (Siegel and Ericson 1980).  

Based on aquifer testing (see Table 4.1-3), the ability of the surficial sediment to transmit water was found to be highly variable depending upon location and thickness of the sediments, as recognized in other studies (Adams et al 2004; Siegel and Ericson 1980).  No data were available regarding the storage parameters for the surficial deposits.  It is the tribal cooperating agencies’ position that any conclusions based on this aquifer test data have a great deal of uncertainty given the variability in the results.

Plant Site

Bedrock at the Plant Site and Tailings Basin consists of Precambrian crystalline and metamorphic rock.  The Giants Ridge batholith represents the uppermost bedrock unit encompassing most of the area, although there are two high exposures of bedrock that abut the southeastern corner of Cell 1E at the Tailings Basin that consist of schist of sedimentary and volcanic origin.  Aquifer testing in the bedrock has not been performed in the Tailings Basin area, but the bedrock is believed to have a significantly lower hydraulic conductivity than the overlying drift (Barr 2009, Technical Memorandum: Tailings Basin Area Geologic and Hydrogeologic Setting).  

Jennings and Reynolds (2005) map the surficial deposits around and beneath the Tailings Basin as Rainy Lobe till, which functions as the surficial aquifer and is generally a boulder-rich till with high clay content.  Data from the eight monitoring wells installed north and west of the Tailings Basin indicate that the primary lithology in this area is sand with varying amounts of silt and gravel.  Layers of sandy silt were encountered in two of the borings (Pint et al 2009).  The area northwest of the Tailings Basin is believed to be one of the few areas in the region with significant quantities of outwash (sand and gravel) and thicknesses ranging from 0 to greater than 150 feet (Olcott and Siegel 1978) (Figure 4.1-5).  Near the toe of the Tailings Basin, average depth to bedrock is approximately 40 feet as reported in site boring logs (Barr 2009, Technical Memorandum: Results of Tailings Basin Hydrogeological Investigation).

The surficial till is often overlain by wetland/peat deposits.  Peat deposits were encountered in some borings, ranging in thickness from less than a foot to several feet, but they are relatively few and discontinuous.  Most of the area between the Tailings Basin and the Embarrass River is covered by extensive wetlands and minor surface water features, which are assumed to represent surficial expressions of the water table (Barr 2009, Technical Memorandum: Tailings Basin Area Geologic and Hydrogeologic Setting).  

Regionally, groundwater flows primarily northward toward the Embarrass River, although there is a small amount of groundwater flow to the south, which forms the headwaters of Second Creek, a tributary of the Partridge River (Figure 4.1-6).  North of the Tailings Basin, site monitoring wells show an average gradient of 0.0039 ft/ft with an average direction of 16 degrees west of north.  Recent hydrologic investigations (Barr 2009, Technical Memorandum: Results of Tailings Basin Hydrogeological Investigation) indicate that the average flow through the aquifer downgradient of the Tailings Basin (i.e., flux) may be as low as 155 gpm with a recharge rate of approximately 0.3 inches per year (Barr 2009, Technical Memorandum: Results of Tailings Basin Hydrogeological Investigation).  Tribal cooperators note that hydrologic data indicates that this aquifer is saturated by tailings discharge water (see discussion below). It is the tribal cooperating agencies’ position that therefore, it is not possible for recharge from precipitation to occur.

The LTVSMC Tailings Basin consists of three cells.  Cell 2W is the largest (1,450 acres) and highest (average fill height of 200 feet) of the three cells and has been revegetated.  Cell 1E is located east of Cell 2W and covers approximately 980 acres with an average fill height of 60 feet.  Cell 2E is located east of Cell 2W and north of Cell 1E, covers approximately 620 acres, and has an average fill height of 60 feet, although at a lower elevation than Cell 1E.  

As the LTVSMC Tailings Basin was built up over time, a groundwater mound formed beneath the basin due to seepage from ponds located within the various cells.  Surface seeps have been identified on the south, west, and north sides of the Tailings Basin, although the number of seeps and the volume of seepage have declined since January 2001 when LTVSMC terminated tailings deposition in the basin.  The east side of the Tailings Basin is bounded by low-permeability bedrock uplands and there is likely little or no water that seeps out in this direction.  In addition to these visible surface seeps, groundwater flows out from beneath the Tailing Basin into the surrounding unconsolidated deposits to the south, west, and north.  Current seepage to the north toward the Embarrass River from the LTVSMC Tailings Basin is estimated at approximately 1,795 gpm (Hinck 2009, Personal Communication).  This seepage volume exceeds the aquifer flux capacity, resulting in upwelling of as much as approximately 1,600 gpm of groundwater to the surface.  This upwelling, in conjunction with the surface seeps, has inundated some wetlands immediately downgradient of the Tailings Basin (see Section 4.2).  These hydrologic impacts to wetlands diminish to the north with little evidence of impacts north of the transmission line (approximately one mile north of the Tailings Basin, as shown in Figure 4.1-7).  

Groundwater elevation data have been collected from 2001, when LTVSMC stopped operations, through 2009 at eight monitoring wells in and around the periphery of the Tailings Basin (Figure 4.1-7).  These data show that groundwater levels in the monitoring wells outside the Tailings Basin (i.e., GW-001, 002, 006, 007, and 008) are relatively stable. Wells within the Tailings Basin showed a rapid drop in water levels following cessation of LTVSMC operations (i.e., GW-003 has been dry since April 2003), but water levels appear to be relatively stable since 2007 (i.e., GW-004 and GW-005).  Following the cessation of mine operations, the remaining surface water within Cell 2W was either drained into Cell 1E or infiltrated into the underlying tailings such that no pond remains.  Cells 1E and 2E still impound water, but at lower levels than during active LTVSMC operations.  Pond and piezometer water levels located within the cells indicate that these cells may be at or near steady-state conditions.  PolyMet proposes to reuse Cells 1E and 2E for NorthMet flotation tailings disposal and to create the Hydrometallurgical Residue Facility, consisting of four small lined containment cells within the southern portion of Cell 2W.

Estimated hydraulic properties of the native units found near the Tailings Basin vary over several orders of magnitude (RS13B, Barr 2008).  Estimated hydraulic conductivities range from approximately 0.0002 ft/day for the Giants Ridge bedrock to approximately 70 ft/day for the glacial till (Barr 2009, Technical Memorandum: Tailings Basin Area Geologic and Hydrogeologic Setting).  Single well pumping tests conducted in eight of the monitoring wells located within the glacial till found an average permeability of 14 ft/day within a range of 0.4 to 65 ft/day (Barr 2009, Technical Memorandum: Results of Tailings Basin Hydrogeological Investigation), while slug tests performed in standpipe piezometers located in the glacial till downgradient of Cell 2W found an average permeability of only 1.5 ft/day within a range of 0.25 to 2.1 ft/day (Pint and Dehler 2008).  The hydraulic conductivity of the LTVSMC tailings ranges from approximately 0.003 ft/day for the slimes to approximately 7 ft/day for the coarse tailings.

Groundwater Quality
In Minnesota, groundwater is protected for use as an actual or potential source of drinking water (Class 1 Water).  Groundwater quality standards are published in Minnesota Rules, part 4717.7500, Table of Health Risk Limits (Table 4.1-4).  The USEPA has also established National Primary Drinking Water Regulations (40 CFR Part 141) that set mandatory water quality standards for drinking water contaminants.  These enforceable standards, called maximum contaminant levels (MCLs), are established to protect the public against consumption of water that present a risk to human health.  An MCL is the maximum allowable amount of a contaminant in drinking water that is delivered to the consumer, reflecting required water quality after treatment.  The USEPA has also established National Secondary Drinking Water Regulations that set non-mandatory water quality standards for 15 contaminants.  These secondary MCLs are established only as guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor.  These contaminants are not considered to present a risk to human health.  We collectively refer to the USEPA primary and secondary MCLs and Minnesota Department of Health (MDH) Health Risk Limits as the groundwater evaluation criteria in this EIS. 

It is noted that Minnesota Rules, part 7060.0600 also has a provision that states: 

“The groundwater may in its natural state have some characteristics or properties exceeding the standards for potable water supplies.  Where the background level of natural origin is reasonably definable and is higher than the accepted standard for potable water and the hydrology and extent of the aquifer are known, the natural level may be used as the standard.”

Mine Site

Based on once a year monitoring at three wells (MW-05-02, MW-05-08, MW-05-09, as shown in Figure 4.1-8), in 2005 and 2006, groundwater within the surficial aquifer at the Mine Site was generally found to meet groundwater evaluation criteria except for elevated concentrations of total and dissolved aluminum, total beryllium, total iron, and total manganese (Table 4.1-5).  Overall pH levels tended toward basic (mean of 7.6) with one sample at 10.  Methylmercury was detected in two samples at concentrations of 0.043 – 0.13 nanograms per liter (ng/L).  The metals exceeding groundwater evaluation criteria in the surficial aquifer are probably natural levels as background because we are unaware of any historic activities at the Mine Site (other than logging) that could have contributed these contaminants.  

The natural presence of some of these constituents is consistent with the findings presented in the Regional Copper-Nickel Study (Siegel and Ericson 1980), which found elevated concentrations (i.e., at or higher than the groundwater evaluation criteria) for aluminum (up to 200 micrograms per liter [µg/L]), iron (up to 3,100 µg/L), and manganese (up to 7,100 µg/L), as well as sulfate, cadmium, cobalt, copper, and nickel in groundwater samples collected from the surficial/glacial till aquifers (Table 4.1-5), although the aluminum and iron concentrations found at the Mine Site were considerably higher than these baseline concentrations.  Siegel and Ericson (1980) noted that higher concentrations correlated with proximity to the mineralized contact zone between the Duluth Complex and older rocks, as is the case with the NorthMet Project, and is probably related to the oxidation of sulfide ores.  

Table 4.1-4
Groundwater Evaluation Criteria Applicable to the NorthMet Project

	Solute1
	Units
	USEPA

Primary MCL
	MDH

Health Risk Limits
	USEPA

Secondary MCL

	General Parameters
	
	
	
	

	Chloride
	mg/L
	--
	--
	250

	Fluoride
	mg/L
	4
	--
	2

	Nitrate as Nitrogen
	mg/L
	10
	10
	--

	Sulfate
	mg/L
	--
	--
	250

	Metals
	
	
	
	

	Aluminum
	µg/L
	
	--
	50 to 200

	Antimony
	µg/L
	6
	6
	--

	Arsenic
	µg/L
	10
	--
	--

	Barium
	µg/L
	2,000
	2,000
	--

	Beryllium
	µg/L
	4
	0.08
	--

	Boron
	µg/L
	--
	1,0002
	--

	Cadmium
	µg/L
	5
	4
	--

	Chromium
	µg/L
	100
	--
	--

	Copper3
	µg/L
	1,3003
	--
	1,000

	Iron
	µg/L
	--
	--
	300

	Lead3
	µg/L
	153
	--
	--

	Manganese
	µg/L
	--
	3004
	50

	Mercury (inorganic)5
	µg/L
	2
	--
	--

	Nickel (soluble salts)6
	µg/L
	--
	100
	--

	Selenium
	µg/L
	50
	30
	--

	Silver
	µg/L
	--
	30
	100

	Thallium (salts)7
	µg/L
	2
	0.6
	--

	Vanadium
	µg/L
	--
	50
	--

	Zinc
	µg/L
	--
	2,000
	5,000


Source:  Primary MCL (40 CFR 141); secondary MCL (40 CFR 143) and HRLs (Minnesota Rules, part 4717.7500)

1
Unless noted otherwise, the criteria applies to total concentrations.

2
See MDH guidance www.health.state.mn.us/divs/eh/risk/guidance/boron.html.

3
Lead and copper enter drinking water primarily through plumbing materials.  In 1991, EPA published the Lead and Copper Rule (http://www.epa.gov/safewater/lcrmr/index.html).  This rule requires water systems to monitor drinking water at customer taps.  The 1,300 µg/L copper concentration and 15 µg/L lead concentration represent action levels that, when exceeded at 10% of customer taps, requires the water system to take additional actions to control corrosion.  Therefore, these values reflect concentrations at the customer tap.  
4
See MDH guidance www.health.state.mn.us/divs/eh/risk/guidance/manganese.html.  

5
Mercury level is based on inorganic mercury, the most common form in water. Organic mercury (e.g., methylmercury) is rarely found in drinking water.

6
The Minnesota standard is based on Human Health Risk, soluble salts being the primary form associated with Human Risk.

7
The EPA and MDH limits are based on the salt form of thallium, which is by far the most prevalent form in surface waters.

Table 4.1-5
Summary of Existing Groundwater Quality Monitoring Data for the NorthMet Mine Site

	Constituent
	Units
	Groundwater Evaluation Criteria
	Surficial Aquifer
	Surficial Aquifer
	Bedrock Aquifer

	
	
	
	
	
	
	
	Northeast MN Baseline
	Cu-Ni Study Baseline
	
	
	
	

	
	
	
	Detection
	Mean1
	Range
	# Exceed.
	Range
	Range
	Detection
	Mean1
	Range
	# Exceed.

	General Parameters
	
	
	
	
	
	
	
	
	
	
	

	Ammonia as Nitrogen
	mg/L
	--
	2 of 6
	0.18
	<0.10 to 0.42
	NA
	--
	--
	2 of 16
	0.3
	<0.1 to 1.9
	NA

	Calcium
	mg/L
	--
	6 of 6
	9.46
	0.007 to 30.1
	NA
	0.155 to 115.508
	6.5 to 150
	16 of 16
	7.9
	0.0054 to 38.5
	NA

	Carbon, total organic
	mg/L
	--
	6 of 6
	4.3
	1.6 to 8
	NA
	<0.5 to 21.7
	2.1 to 46
	16 of 16
	3.3
	1.5 to 7.6
	NA

	Chloride
	mg/L
	250
	6 of 6
	1.81
	0.69 to 5.5
	0
	--
	0.4 to 35
	14 of 16
	8.2
	<0.5 to 93.1
	0

	Fluoride
	mg/L
	2
	4 of 6
	0.13
	0.1 to 0.21
	0
	0.20 to 0.57
	--
	13 of 16
	0.4
	<0.1 to 1.1
	0

	Magnesium
	mg/L
	--
	6 of 6
	2,469.8
	5.65 to 6,800
	NA
	0.112 to 326,412
	5.1 to 64
	15 of 16
	3.9
	<2 to 15
	NA

	pH
	s.u.
	6.5 to 8.5
	6 of 6
	7.6
	6.5 to 10
	1
	6.0 to 8.4
	5.7 to 8.0
	16 of 16
	7.7
	6.6 to 9.0
	3

	Sulfate
	mg/L
	250
	6 of 6
	14.0
	10.4 to 21.2
	0
	<0.3 to 14.2
	1.8 – 450
	14 of 15
	96.8
	<37.2 to 1,200
	1

	Metals - Total
	
	
	
	
	
	
	
	
	
	
	
	

	Aluminum
	ug/L
	50 to 200
	6 of 6
	5,959
	31.6 to 27,100
	5
	<0.1 to 28
	0.0 to 200
	9 of 16
	2,759
	<25 to 39,000
	9

	Antimony
	ug/L
	6
	0 of 6
	<3
	<3
	0
	<0.01 to 0.04
	--
	0 of 16
	<3
	<3
	0

	Arsenic
	ug/L
	10
	4 of 6
	3.3
	<2 to 4.8
	0
	0.1 to 9.1
	--
	4 of 16
	2.5
	<2 to 5.7
	0

	Barium
	ug/L
	2,000
	4 of 6
	64.2
	<10 to 214
	0
	1.6 to 191
	--
	1 of 16
	15.1
	<10 to 92.1
	0

	Beryllium
	ug/L
	0.08
	2 of 6
	0.3
	<0.2 to 0.7
	BDL2
	<0.01 to 0.41
	--
	3 of 16
	0.2
	<0.2 to 0.8
	BDL2

	Boron
	ug/L
	1,000
	1 of 6
	43.4
	<35 to <50
	0
	<13 to 41
	--
	11 of 16
	133
	<35 to 518
	0

	Cadmium
	ug/L
	4
	0 of 6
	<0.2
	<0.2
	0
	<0.02 to 0.2
	0.0 to 8.4
	3 of 16
	0.6
	<0.2 to 1.7
	0

	Cobalt
	ug/L
	--
	3 of 6
	3.2
	<1 to 8.8
	NA
	0.05 to 0.63
	0.3 to 28.0
	3 of 16
	2.5
	<1 to 19.9
	NA

	Copper
	ug/L
	1,000
	6 of 6
	33.5
	2.4 to 99.6
	0
	<5.5 to 22
	0.6 to 190.0
	5 of 16
	41.9
	<2 to 587
	0

	Iron
	ug/L
	300
	6 of 6
	6,701
	54.3 to 29,800
	5
	7 to 7,816
	0.0 to 3,100
	15 of 16
	2,604
	<50 to 24,500
	8

	Lead
	ug/L
	15
	2 of 6
	2.6
	<1 to 6.1
	0
	<0.03 to 2.0
	0.1 to  6.4
	1 of 16
	1.8
	<1 to 95
	0

	Manganese
	ug/L
	50
	6 of 6
	230
	<30 to 584
	5
	0.9 to 1,248
	10.0 to 7,100
	12 of 16
	72
	<10 to 383
	5

	Mercury
	ng/L
	2,000
	3 of 4
	3.6
	<2.0 to 28.8
	0
	--
	--
	2 of 11
	1.2
	<0.5 to 4.9
	0

	Mercury, Methyl
	ng/L
	--
	2 of 6
	0.07
	<0.025 to 0.13
	NA
	--
	--
	1 of 15
	0.05
	<0.025 to 0.07
	NA

	Molybdenum
	ug/L
	--
	4 of 6
	14.4
	<5 to 35.6
	NA
	<4.2 to 12
	--
	1 of 15
	7.0
	<5 to 34.5
	NA

	Nickel
	ug/L
	100
	4 of 6
	10.8
	<2 to 40.2
	0
	<6.0 to 16
	1.0 to 120.0
	5 of 16
	21.8
	<2 to 172
	2

	Selenium
	ug/L
	30
	0 of 6
	<2
	<2
	0
	<1.0 to 4.7
	--
	1 of 16
	3.8
	<2 to <10
	0

	Silver
	ug/L
	30
	0 of 6
	1.3
	<1 to <2
	0
	<0.01 to 0.05
	--
	2 of 16
	1.4
	<1 to 7.4
	0

	Thallium
	ug/L
	0.6
	0 of 6
	<2
	<2
	BDL2
	<0.0035 to 0.0096
	--
	0 of 16
	<2
	<2
	BDL2

	Zinc
	ug/L
	2,000
	2 of 6
	21.4
	<10 to 46.3
	0
	<2.7 to 138
	3.9 to 170.0
	7 of 16
	38.8
	<10 to 125
	0

	Dissolved/Filtered Metals
	
	
	
	
	
	
	
	
	
	

	Aluminum
	ug/L
	50 to 200
	5 of 6
	304
	<25 to 910
	4
	--
	--
	3 of 16
	35.5
	<25 to 126
	3

	Cadmium
	ug/L
	4
	0 of 6
	<0.2
	<0.2
	0
	--
	--
	1 of 16
	0.2
	<0.2 to 0.2
	0

	Copper
	ug/L
	1,000
	4 of 6
	7.4
	<2 to 18.2
	0
	--
	--
	3 of 16
	2.0
	<2 to 2.3
	0

	Molybdenum
	ug/L
	--
	3 of 6
	11.9
	<5 to 34.4
	NA
	--
	--
	1 of 16
	6.5
	<5 to 28.9
	NA

	Nickel
	ug/L
	100
	1 of 6
	2.2
	<2 to 3
	0
	--
	--
	3 of 16
	8.6
	<2 to 100
	0

	Selenium
	ug/L
	30
	0 of 6
	<2
	<2
	0
	--
	--
	0 of 16
	<2
	<2
	0

	Silver
	ug/L
	30
	0 of 6
	<1
	<1
	0
	--
	--
	0 of 16
	<1
	<1
	0

	Zinc
	ug/L
	2,000
	0 of 6
	17.5
	<10 to <25
	0
	--
	--
	4 of 16
	38.0
	<10 to 134
	0


Source: RS02, Barr 2007; RS10, Barr 2006; RS10A, Barr 2007; MPCA 1999; and Siegel and Ericson 1980.  

Notes: mg/L = milligrams per liter, ug/L = micrograms per liter, ng/L = nanograms per liter, < = less than indicated reporting limit, NA = not applicable.

1
Where non-detects occur, the mean was calculated using the detection limit.

2
Below Detection Limit

Groundwater samples have been collected from nine bedrock (i.e., Duluth Complex and Virginia Formation) monitoring wells (i.e., pumping wells P1–P4 and observation wells Ob1–Ob5), one water supply well, and two exploratory boreholes at the Mine Site.  The average water quality in the bedrock at the Mine Site was generally found to meet groundwater evaluation criteria except for total aluminum, total iron, and total manganese (Table 4.1-5).  Siegel and Ericson (1980) reported iron and manganese concentrations up to 5,000 and 1,800 µg/L, respectively, in the Biwabik Iron Formation.  The pH of the bedrock water samples from the Duluth Formation tended toward basic (i.e., >7.0 - 9.0), while samples from the Virginia Formation was more acidic (i.e., <7.0) with only one exception.  Occasional exceedances of beryllium, nickel, and dissolved aluminum were detected.

Plant Site

There are eight existing groundwater monitoring wells (i.e., wells GW-001 through GW-008) at the Tailings Basin that have been monitored since 1999 (Figure 4.1-7).  GW-002 is considered the background station for the Tailings Basin, as it is located southwest of Cell 2W and distant from the Tailings Basin groundwater flow path.  Three of the wells (GW-003, GW-004, and GW-005) are located within Cell 2W and were intended to monitor the high sulfide Virginia Formation hornfels waste rock that was placed in this cell in 1993.  The remaining four wells (GW-001, GW-006, GW-007, and GW-008) are located at or very near the toe of the Tailings Basin embankment.  Four additional wells, as shown in Figure 4.1-7,  were installed in 2009 to better characterize water quality at the toe of the Tailings Basin (GW-012) and downgradient of the Tailings Basin (GW-009, GW-010, and GW-011).  Limited water quality data are available from these four new wells.

Background Water Quality

At the background well (GW-002), groundwater within the surficial aquifer has elevated concentrations (i.e., at or higher than the groundwater evaluation criteria) of total aluminum, iron, and manganese (Table 4.1-6).  The manganese levels were within the range of baseline concentrations found by MPCA in Northeast Minnesota (MPCA 1999) and in the Regional Copper-Nickel Study (Siegel and Ericson 1980), but the aluminum and iron values were above the baseline concentrations found in these two studies.  All other parameters met the groundwater evaluation criteria.

Table 4.1-6
Summary of Groundwater Quality Monitoring Data for the Tailings Basin Area 

	Constituent
	Units
	Groundwater Evaluation Criteria
	Tailings Basin Background GW-002

Surficial Aquifer
	Northeast MN Baseline 

Surficial Aquifer
	Copper-Nickel Baseline

Surficial Aquifer

	General Parameters
	 
	 
	Detection
	Mean1
	Range
	# Exceed.
	Range
	Range

	Ammonia as Nitrogen
	mg/L
	--
	0 of 3
	<0.10
	<0.10
	--
	--
	--

	Calcium
	mg/L
	--
	3 of 3
	14.3
	11.4 to 16.6
	--
	--
	--

	Carbon, total organic
	mg/L
	--
	2 of 2
	4.7
	1.9 to 7.4
	--
	--
	--

	Chloride
	mg/L
	250
	23 of 26
	2.3
	<0.5 to 31.2
	0
	 
	0.4 to 35

	Fluoride
	mg/L
	2
	16 of 26
	0.1
	<0.1 to 0.5
	0
	0.2 to 0.6
	--

	pH
	s.u.
	6.5 – 8.5
	25 of 25
	7.5
	6.2 to 8.9
	2
	6.0 to 8.4
	5.7 to 8.0

	Sulfate
	mg/L
	250
	26 of 27
	11.5
	<0.9 to 55.4
	0
	<0.3 to 14.2
	1.8 to 450

	Total Dissolved Solids
	mg/L
	500
	24 of 24
	105
	50 to 518
	1
	28 to 482
	--

	Metals – Total
	 
	 
	 
	 
	 
	 
	 
	 

	Aluminum
	ug/L
	50 - 200
	3 of 3
	10,133
	4,600 to 16,000
	3
	<0.1 to 28
	0 to 200

	Antimony
	ug/L
	6
	0 of 3
	<0.5
	<0.5
	0
	<0.01 to 0.04
	--

	Arsenic
	ug/L
	10
	1 of 3
	4.7
	<2 to <10
	0
	<0.1 to 9.1
	--

	Barium
	ug/L
	2,000
	3 of 3
	72
	47 to 110
	0
	1.6 to 191
	--

	Beryllium
	ug/L
	0.08
	0 of 3
	1.1
	<0.2 to <2.0
	02
	<0.0010 to 0.410
	--

	Boron
	ug/L
	1,000
	4 of 12
	91
	<35 to 283
	0
	<13 to 41
	--

	Cadmium
	ug/L
	4
	2 of 3
	0.36
	<0.2 to 0.46
	0
	<0.02 to 0.18
	0 to 8.4

	Chromium
	ug/L
	100
	3 of 3
	20.5
	13.4 to 31
	0
	0.090 to 4.7
	0 to 5.5

	Cobalt
	ug/L
	--
	3 of 3
	5.0
	2.8 to 7.9
	0
	0.05 to 0.63
	0.3 to 28.0

	Copper 
	ug/L
	1,000
	2 of 2
	24.5
	17 to 32
	0
	<5.5 to 22
	0.6 to 190

	Iron
	ug/L
	300
	3 of 3
	11,723
	5,170 to 18,000
	3
	7 to 7,816
	0 to 3,100

	Lead 
	ug/L
	15
	3 of 3
	2.8
	1.8 to 4.0
	0
	<0.03 to 2.0
	0.1 to 6.4

	Manganese
	ug/L
	50
	12 of 13
	169
	<10 to 1,170
	3
	1 to 1,248
	10 to 7,190

	Mercury
	ng/L
	2,000
	2 of 2
	6
	4.2 to 7.7
	0
	--
	--

	Mercury, Methyl
	ng/L
	--
	0 of 2
	0.08
	<0.05 to <0.1
	--
	--
	--

	Molybdenum
	ug/L
	--
	5 of 24
	4.5
	<5 to 6.5
	NA
	--
	--

	Nickel
	ug/L
	100
	2 of 2
	12.8
	10.6 to 15
	0
	<6.0 to 16
	--

	Selenium
	ug/L
	30
	0 of 3
	2.3
	<1.0 to <5.0
	0
	<1.0 to 4.7
	--

	Silver
	ug/L
	30
	0 of 3
	<0.2
	<0.2
	0
	<0.009 to 0.050
	--

	Thallium
	ug/L
	0.6
	0 of 3
	<0.4
	<0.4
	02
	<0.0035 to 0.0096
	--

	Zinc
	ug/L
	2,000
	1 of 2
	39
	<30 to 48
	0
	<2.7 to 138
	3.9 to 170

	Dissolved/Filtered Metals
	 
	 
	 
	 
	 
	 
	 

	Aluminum
	ug/L
	50 - 200
	2 of 3
	63.7
	<25 to 110
	2
	--
	--

	Arsenic
	ug/L
	10
	--
	 --
	--
	--
	--
	--

	Boron
	ug/L
	1,000
	0 of 14
	41.4
	<5 to <50
	0
	--
	--

	Cadmium
	ug/L
	4
	0 of 3
	<0.20
	<0.20
	0
	--
	--

	Chromium
	ug/L
	100
	2 of 3
	1.7
	<2.0 to 1.7
	0
	--
	--

	Copper 
	ug/L
	1,000
	2 of 3
	5.9
	<10 to 4.7
	0
	--
	--

	Manganese
	ug/L
	50
	11 of 14
	44.7
	<10 to 267
	2
	--
	--

	Nickel
	ug/L
	100
	2 of 3
	2.8
	<1.5 to <5
	0
	--
	--

	Selenium
	ug/L
	30
	0 of 3
	<1.0
	<1.0
	0
	--
	--

	Silver
	ug/L
	30
	0 of 3
	<0.20
	<0.20
	0
	--
	--

	Zinc
	ug/L
	2,000
	0 of 2
	18
	<6.0 to <30
	0
	--
	--


Source: Barr 2008, "Plant Site Groundwater Predictions," November 12, 2008; Barr 2009 "Results of Residential Well Sampling North of LTVSMC Tailings Basin, January 27, 2009;" RS64, Barr 2006; Barr 2009, Memorandum: Water Quality Estimates for LTVSMC Tailings Basin Cell 2E and Cell 2W Seepage; NTS 2009; MPCA 1999; and Siegel and Ericson 1980

Notes: mg/L = milligrams per liter, µg/L = micrograms per liter, ng/L = nanograms per liter, < = less than indicated reporting limit, TB = Tailings Basin

Bold (e.g., 0.014) indicates exceeds evaluation criteria. 

1
Where non-detects occur, the mean was calculated using the detection limit.

2
Detection limit is greater than water quality standard. 

Existing Water Quality within the Tailings Basin Pond and at the Toe of the Tailings Basin 

Ponds remain within Cells 1E and 2E of the LTVSMC Tailings Basin (no pond remains in Cell 2W).  Based on limited monitoring of pond water quality and interpolation of seepage monitoring data discussed below, PolyMet characterized existing pond water quality (Table 4.1-7).  The LTVSMC Tailings Basin is really is a disposal facility and is not a natural surface water body or a point of compliance pursuant to Cliffs Erie’s NPDES/SDS permit, so comparisons of these data with surface or groundwater standards is not appropriate. Nevertheless, it can be instructive to compare existing pond water quality with water quality at the toe of the Tailings Basin to help understand the effect passage through the LTVSMC tailings is having on seepage water quality. It is the tribal cooperating agencies’ position that it would be instructive to compare past or existing pond water quality with water quality at the toe of the Tailings Basin to help understand the effect passage through the LTVSMC tailings is having on seepage water quality. However, a comparison of modeled future pond water quality (Table 4.1-7) with existing groundwater quality at the toe of the basins does not provide a useful comparison. 

Table 4.1-7
Summary of Predicted Pond Water and Groundwater Quality at the Tailings Basin 

	Constituent
	Units
	Toe of Tailings Basin

(GW-001,GW-006, GW-007, GW-008, GW-012)

Surficial Aquifer
	Pond Water Quality

	General Parameters
	 
	Groundwater Evaluation Criteria 
	Detection
	Mean1
	Range
	# Exceed.
	Modeled

	Calcium
	mg/L
	--
	16 of 16
	72
	23 to 132
	NA
	53

	Chloride
	mg/L
	250
	113 to 113
	1.7
	0.5 to 34
	0
	32

	Fluoride
	mg/L
	2
	93 of 114
	1.3
	<0.1 to 9.6
	30
	6.7

	pH
	s.u.
	6.5 – 8.5
	117 of 117
	7.4
	6.2 to 9.1
	6
	--

	Sulfate
	mg/L
	250
	114 of 114
	155
	13.4 to 555
	24
	183

	Total Dissolved Solids
	mg/L
	500
	97 of 97
	576
	49 to 1,400
	58
	--

	Metals – Total
	 
	 
	 
	
	
	
	

	Aluminum
	ug/L
	50 - 200
	11 of 15
	1,080
	<25 to 6,600
	7
	1572

	Antimony
	ug/L
	6
	0 of 15
	<0.5
	<0.5
	0
	0.32

	Arsenic
	ug/L
	10
	6 of 15
	3.0
	<0.5 to <10
	0
	6.7

	Barium
	ug/L
	2,000
	13 of 14
	116
	<10 to 300
	0
	6.92

	Beryllium
	ug/L
	0.08
	0 of 15
	0.9
	<0.2 to <2.0
	0
	0.12

	Boron
	ug/L
	1,000
	40 of 49
	301
	<35 to 588
	0
	422

	Cadmium
	ug/L
	4
	1 of 15
	0.5
	<0.2 to <2.0
	0
	0.12

	Chromium
	ug/L
	100
	2 of 11
	2.5
	<1.0 to 9.5
	0
	--

	Cobalt
	ug/L
	--
	16 of 16
	1.8
	0.22 to 5.0
	NA
	1.3

	Copper 
	ug/L
	1,000
	12 of 13
	3.9
	0.7 to 13
	0
	2.72

	Iron
	ug/L
	300
	15 of 15
	4,248
	72.2 to 14,000
	33
	78

	Lead 
	ug/L
	15
	4 of 15
	1.1
	<0.5 to 5.6
	0
	0.32

	Manganese
	ug/L
	50
	51 of 51
	1,192
	40 to 4,020
	16
	442

	Mercury
	ng/L
	2
	7 of 8
	1.5
	0.2 to 4.6
	2
	3

	Mercury, Methyl
	ng/L
	--
	0 of 6
	0.07
	<0.05 to <0.1
	NA
	--

	Molybdenum
	ug/L
	--
	68 of 89
	23.8
	<1 to 94.8
	NA
	0.42

	Nickel
	ug/L
	100
	11 of 11
	5.9
	2.1 to 11
	0
	2.12

	Selenium
	ug/L
	30
	2 of 15
	1.6
	<1.0 to <10
	0
	0.52

	Silver
	ug/L
	30
	0 of 15
	<0.2
	<0.2
	0
	0.12

	Thallium
	ug/L
	0.6
	0 of 15
	<0.4
	<0.4
	0
	0.32

	Zinc
	ug/L
	2,000
	3 of 13
	16.8
	<6.0 to 33
	0
	3.02

	Dissolved/Filtered Metals
	 
	
	
	 
	
	

	Aluminum
	ug/L
	50 - 200
	2 of 15
	18
	<10 to 25
	0
	--

	Arsenic
	ug/L
	10
	0 of 1
	2
	<2
	0
	--

	Boron
	ug/L
	1,000
	50 of 64
	270
	<35 to 540
	0
	--

	Cadmium
	ug/L
	4
	0 of 14
	0.5
	<0.20 to <2.0
	0
	--

	Chromium
	ug/L
	100
	3 of 15
	1.5
	<1.0 to 2.9
	0
	--

	Copper 
	ug/L
	1,000
	11 of 16
	61
	<0.7 to 913
	0
	--

	Manganese
	ug/L
	50
	58 of 58
	913
	40 to 2,090
	37
	--

	Nickel
	ug/L
	100
	10 of 17
	3.9
	<2 to 8.1
	0
	--

	Selenium
	ug/L
	30
	0 of 15
	<1.0
	<1.0
	0
	--

	Silver
	ug/L
	30
	0 of 15
	<0.2
	<0.2
	0
	--

	Zinc
	ug/L
	2,000
	6 of 14
	13
	<6 to <30
	0
	--


Sources: Porewater – Barr 209, Memorandum: Water Quality Estimates for LTVSMC Tailings Basin Cell 2E and Cell 2W Seepage; Pondwater - Table 7-17, RS54/RS46, SRK 2007; Hornfel Rock, RS64, Barr 2006. 

Notes: mg/L = milligrams per liter, ug/L = micrograms per liter, ng/L = nanograms per liter, < = less than indicated reporting limit.

1
Where non-detects occur, the mean was calculated using the detection limit.

2
No pond water quality sampling data available.  Values based on 2008 Colby Lake data.

The pond water quality data generally show elevated fluoride, mercury, sulfate, and dissolved aluminum concentrations.  The elevated fluoride concentrations may be attributable to the use of wet scrubbers for emission control at the LTVSMC furnaces, which removed highly soluble hydrogen fluoride (HF) gas resulting in elevated fluoride concentrations in the scrubber water, which was disposed of in the Tailings Basin.  The elevated mercury concentrations may be attributable to mercury concentrations in meteoric water, which tend to average about 10 ng/L in northern Minnesota.

Groundwater quality monitoring at several wells completed in the surficial aquifer at or near the toe of the Tailings Basin (GW-001, GW-006, GW-007, GW-008, and GW-012) found neutral tending toward basic pH (mean of 7.4), and concentrations for several parameters exceeding some groundwater quality evaluation criteria (Table 4.1-7).  As with the background well (GW-002), these wells exhibited elevated aluminum, iron, and manganese concentrations, but also exhibited elevated sulfate, fluoride, molybdenum, and total dissolved solids (TDS) concentrations relative to the background well.  Based on these results, NTS (2009) concluded that groundwater has been impacted by the Tailings Basin.  NTS noted, however, that there does not appear to be an overall trend, either increasing or decreasing, in concentration of constituents monitored.  Potential exceedances for beryllium correspond to situations where the laboratory detection limits (<1.0 µg/L) is greater than the evaluation criteria (0.08 µg/L).  

It is the Tribal cooperating agencies’ position that the existing LTVSMC tailings are contributing substantially to the level of constituents observed in the groundwater. Unfortunately the modeling of PolyMet contaminants at the basins does not take these or other existing constituents adequately into account (RS74 and TB-14).  The result of this oversight is that the contaminant modeling done by PolyMet comes to the illogical conclusion that seepage water from PolyMet, after passing through both LTVSMC and PolyMet tailings, will be cleaner than the existing seepage that is passing only through the LTVSMC tailings. According to PolyMet’s consultant  "the predicted concentration of seepage from the PolyMet basin is lower than the actual measured concentration of existing seepage".(TB-14, page 9). It is unclear how the addition of mine waste to the basins would cause seepage water quality to improve.
Existing Groundwater Quality Downgradient from the LTVSMC Tailings Basin

PolyMet conducted a single round of groundwater sampling at three monitoring wells located approximately one mile north of the Tailings Basin (Figure 4.1-7) and at 15 residential wells located between 1.6 miles and 3.8 miles north of the Tailings Basin (Figure 4.1-9), as shown in Table 4.1-8 (Barr 2009, Technical Memorandum: Results of Tailings Basin Hydrogeological Investigation; Barr 2009, Results of Residential Well Sampling North of LTVSMC Tailings Basin).  As with the background well, the three monitoring wells also exhibited elevated aluminum, iron, and manganese concentrations, although the concentrations were even higher than those found at the toe of the Tailings Basin.  

In terms of the residential wells located farther from the Tailings Basin, the samples indicated that several wells exhibited total and dissolved manganese concentrations exceeding the groundwater evaluation criteria (i.e., secondary MCL).  Localized high manganese concentrations can occur when carbon dioxide is available under reducing condition (e.g., from anaerobic decay of vegetation, Berndt et al 1999) and these concentrations are within the range found in the Regional Copper-Nickel Study.  One well had total and dissolved aluminum concentrations slightly above the evaluation criteria and four wells had pH concentrations below the minimum of the range (pH of 6.5), but again, these values are within the range found in the Regional Copper-Nickel Study.  Although limited, these data suggest little degradation of groundwater quality at the residential well locations from the nearly 50 years of LTVSMC tailings disposal.  

Existing Bedrock Aquifer Water Quality at the Plant Site

No bedrock groundwater samples are available from the Plant Site/Tailings Basin.  Although some of the residential wells summarized in Table 4.1-8 sample bedrock aquifers based on well completion records, these wells were not constructed as monitoring wells to distinguish the bedrock from the surficial aquifer.  Siegel and Ericson (1980) report that iron and manganese concentrations up to 500 µg/L are common in the Giants Ridge batholith.

Table 4.1-8
Summary of Existing Groundwater Quality Monitoring Data Downgradient from the LTVSMC Tailings Basin

	Constituent
	Units
	Groundwater Evaluation Criteria
	Downgradient Wells
(GW-009, GW-010, GW-011)

Surficial Aquifer
	Downgradient Residential Wells

Bedrock and Surficial Aquifers

	General Parameters
	 
	 
	Detection
	Mean
	Range
	# Exceed.
	Detection
	Mean
	Range
	# Exceed.

	Ammonia as Nitrogen
	mg/L
	--
	0 of 3
	<100
	<100 to <100
	--
	--
	 --
	--
	 --

	Calcium
	mg/L
	--
	3 of 3
	47
	15.8 to 66
	--
	15 of 15
	 25
	11.7 to 51.4
	--

	Carbon, total organic
	mg/L
	--
	3 of 3
	8.7
	1.4 to 18.4
	--
	--
	 --
	--
	 --

	Chloride
	mg/L
	250
	3 of 3
	11.4
	2.8 to 18.4
	0
	14 of 15
	4.2
	<0.5 to 12.5
	0

	Fluoride
	mg/L
	2
	3 of 3
	0.2
	0.11 to 0.23
	0
	11 of 15
	0.2
	<0.1 to 0.6
	0

	pH
	s.u.
	6.5 – 8.5
	3 of 3
	6.6
	6.4 to 6.9
	1
	15 of 15
	6.9
	5.7 to 7.9
	4

	Sulfate
	mg/L
	250
	3 of 3
	109
	20.8 to 235
	0
	12 of 15
	6.1
	<1 to 20.9
	0

	Total Dissolved Solids
	mg/L
	500
	--
	--
	--
	--
	15 of 15
	125
	83 to 243
	0

	Metals – Total
	 
	 
	
	
	
	
	 
	 
	 
	 

	Aluminum
	ug/L
	50 - 200
	3 of 3
	2,361
	25.3 to 9,140
	3
	2 of 15
	30.2
	<25 to 83
	1

	Antimony
	ug/L
	6
	0 of 3
	<0.5
	<0.5
	0
	0 of 15
	<0.5
	<0.5
	0

	Arsenic
	ug/L
	10
	0 of 3
	<2
	<2
	0
	3 of 15
	2.8
	<2 to 7.5
	0

	Barium
	ug/L
	2,000
	3 of 3
	195
	37.9 to 442
	0
	--
	-- 
	--
	 --

	Beryllium
	ug/L
	0.08
	1 of 3
	0.24
	<0.2 to 0.34
	1
	--
	-- 
	--
	 --

	Boron
	ug/L
	1,000
	2 of 3
	104
	<50 to 150
	0
	3 of 15
	79
	<50 to 459
	0

	Cadmium
	ug/L
	4
	0 of 3
	0.3
	<0.2 to 0.47
	0
	--
	-- 
	--
	--

	Chromium
	ug/L
	100
	0 of 3
	7.6
	<1 to 27.3
	0
	--
	-- 
	--
	--

	Cobalt
	ug/L
	--
	3 of 3
	6.2
	1.2 to 13.5
	--
	--
	 --
	--
	--

	Copper 
	ug/L
	1,000
	3 of 3
	6.0
	1.2 to 17.9
	0
	13 of 14
	38
	<0.7 to 86.7
	0

	Iron
	ug/L
	300
	3 of 3
	4,743
	63.2 to 14,700
	3
	--
	 --
	--
	--

	Lead 
	ug/L
	15
	1 of 3
	1.2
	<0.5 to 3
	0
	--
	 --
	--
	--

	Manganese
	ug/L
	50
	3 of 3
	1,637
	226 to 2,990
	4
	15 of 15
	579
	0.66 to 4,710
	7

	Mercury
	ug/L
	2
	--
	--
	--
	--
	--
	-- 
	--
	--

	Mercury, Methyl
	ng/L
	--
	--
	--
	--
	--
	--
	-- 
	--
	 --

	Molybdenum
	ug/L
	--
	3 of 3
	5.1
	1.2 to 9.2
	--
	12 of 15
	0.6
	<2 to 1.4
	--

	Nickel
	ug/L
	100
	3 of 3
	11.7
	4.6 to 28.8
	0
	14 of 15
	1.9
	<0.6 to 5.5
	0

	Selenium
	ug/L
	30
	0 of 3
	<1
	<1
	0
	--
	-- 
	--
	--

	Silver
	ug/L
	30
	0 of 3
	<0.2
	<0.2
	0
	--
	 --
	--
	 --

	Thallium
	ug/L
	0.6
	0 of 3
	<0.4
	<0.4
	0
	--
	 --
	--
	 --

	Zinc
	ug/L
	2,000
	0 of 3
	6
	<6 to <6
	0
	--
	 --
	--
	 --

	Dissolved/Filtered Metals
	 
	
	
	
	
	
	
	
	

	Aluminum
	ug/L
	50 - 200
	0 of 3
	25
	<25 to <25
	0
	2 of 15
	28
	<25 to 71
	 1

	Arsenic
	ug/L
	10
	0 of 3
	<2
	<2
	0
	3 of 15
	2.7 
	<2 to 7.5
	0

	Boron
	ug/L
	1,000
	--
	--
	--
	--
	3 of 15
	80
	<50 to 461
	 0

	Cadmium
	ug/L
	4
	0 of 3
	0.2
	<0.2
	0
	--
	 --
	--
	--

	Chromium
	ug/L
	100
	0 of 3
	1
	<1
	0
	--
	 --
	--
	 --

	Copper 
	ug/L
	1,000
	2 of 3
	2.0
	<0.7 to 3.5
	0
	14 of 15
	 19.3
	<0.7 to 64.5
	0

	Manganese
	ug/L
	50
	--
	--
	--
	--
	15 of 15
	579
	0.63 to 4,850
	7

	Nickel
	ug/L
	100
	3 of 3
	6.7
	4.4 to 9.2
	0
	12 of 15
	1.6
	<0.6 to 5
	0

	Selenium
	ug/L
	30
	0 of 3
	1
	<1
	0
	--
	 --
	--
	 --

	Silver
	ug/L
	30
	0 of 3
	0.2
	<0.2
	0
	--
	 --
	--
	 --

	Zinc
	ug/L
	2,000
	0 of 3
	<6
	<6 to <6
	0
	--
	 --
	--
	 --


Legacy Groundwater Quality Issues at the Plant Site and Tailings Basin

In 2002, Cliffs Erie LLC commissioned a Phase I Environmental Site Assessment (ESA) of the former LTVSMC property and improvements (NTS 2002), which identified 62 potential areas of concern (AOCs).  Designation as an area of concern does not necessarily mean that contamination occurred in the past or is currently present, but simply that these are areas requiring further investigation.  

As shown in Figure 4.1-10, PolyMet would assume responsibility for 29 of the 62 AOCs upon acquiring the property from Cliffs Erie LLC (RS52, Barr 2007).  Five of the AOCs to be acquired by PolyMet have been closed or have received a no further action letter from the MPCA, and two AOCs are permitted former landfills that require post-closure monitoring pursuant to the Minnesota solid waste landfill requirements.  The remaining 22 AOCs require further investigation.  Table 4.1-9 summarizes the potential issues and current status of these AOCs.  PolyMet indicates that it intends to continue the Voluntary Investigation and Cleanup (VIC) program initiated by Cliffs Erie and will investigate and remediate as necessary these AOCs on a schedule approved by the MPCA.  PolyMet plans to reuse some of these AOCs (i.e., AOC 1, 38, 43, 44, 46, 48, and 59).  At Closure, all historic and any potential operational AOCs would be investigated and remediated as necessary.  MnDNR has indicated that any associated clean up costs for the legacy AOCs would be included in the financial assurance requirements for any Permit-to-Mine issued to PolyMet for the NorthMet Project (Vadis 2009).

Of the remaining 33 AOCs of which PolyMet does not have any responsibility for, 10 sites have been closed through the VIC program; 6 sites are pending closure through the VIC program or awaiting confirmatory sampling; 4 sites have completed initial investigations, provided sampling plans, and are awaiting MPCA review; 3 have not yet been investigated; 8 sites have been transferred and their status is not readily available; 1 site is being managed through the NPDES program; and 1 site will likely require additional remediation (i.e., Pellet Plant).  Table 4.1-10 summarizes the potential issues and current status of these AOCs.  

In May 2009, Cliffs Erie conducted a detailed assessment of both surface and groundwater quality at the LTVSMC Tailings Basin, including testing for volatile organic compounds (VOCs), semi-volatile compounds (SVOCs), PCBs, and other parameters to determine if there was any organic contamination that could be transported off-site via stormwater runoff or groundwater seepage.  The laboratory analyses determined all samples were below the detection limits for all organic parameters (Clark 2009, Personal Communication). 

Based on the investigations and laboratory analyses to date, there has not been any documentation of any off-site contamination, and the extent of on-site contamination appears to be limited to localized soils and possibly groundwater.  Cliffs Erie LLC did receive a permit (SW-625) in 2006 from MPCA to locate two individual land treatment sites within Cell 2W of the LTVSMC Tailings Basin.  This facility is being used to land farm petroleum (i.e., diesel fuel) contaminated soils excavated from AOCs #38 (Area 2 Shops) and #39 (Knox Train Fueling Station).  

Tribal cooperating agencies note that additional legacy issues exist. Over the many decades of operations at the tailings basin, thousands of gallons per minute of tailings basin water have been discharged through the bottom of the basin, into groundwater. This water has then moved down gradient and into surrounding wetlands and as stated in the water quality section below, ultimately reaches the Embarrass River. It is the tribal cooperating agencies’ position that despite very limited recent groundwater sampling that shows groundwater contamination at the property line and at private wells north of the basin, the full extent of the contaminant plume and the existing contamination to groundwater has not been defined. 
Table 4.1-9
PolyMet Area of Concern Summary List for Voluntary Investigation and Cleanup Program

	AOC No.
	Location
	Description
	Identified Potential Issues
	Status

	1
	Area 1
	Area 1 Shops and Reporting
	Domestic septic systems and drain field
	A Phase I ESA/SAP has been prepared.

	6
	Area 1
	Oily Waste Disposal Area
	Waste from general shop area floor drains
	No actions have been taken with regard to this site.

	7
	Area 1
	Bull Gear Disposal Area
	One time 1970s disposal of heavy lubricant
	No actions have been taken with regard to this site.

	8
	Area 1
	Private Landfill
	Permitted industrial waste landfill that operated until 1993.  Appears in good conditions.
	Permitted Industrial Landfill SW-619.  Closed and subject to post-closure monitoring

	9
	Area 1
	Area 1 RR Panel Yard
	Railroad tie disposal area comingled with scrap metal, wood and demolition debris
	SAP approved by MPCA in 11/08.  Implementation scheduled for 2009

	10
	Area 1
	Area 1 Airport
	Some areas of soil staining
	No actions have been taken with regard to this site.

	11
	Area 1
	Stoker Coal Ash Disposal
	Disposal area until 1980s with marginal cover
	No actions have been taken with regard to this site.

	12
	Area 1
	Mill Rejects Area
	Solid waste from concentrator building
	Site closed-No Further Action required.

	13
	Area 2/2E/3
	2001 Storage Area
	Some areas of soil staining 
	No actions have been taken with regard to this site.

	14
	Area 2/2E/3
	Large Equipment Paint Area
	Buildup of blasting sand
	No actions have been taken with regard to this site.

	24
	Area 5
	Area 5 Reporting
	Scrap and salvage area with some stained soils
	Site has been closed thru the VIC program in letter dated 7/30/08

	25
	Area 5
	Area 5 Loading Pocket & Storage
	Some areas of stained soils along rail siding.
	Site has been closed thru the VIC program in letter dated 7/30/08

	35
	Plant Site
	Dunka WTP Sludge Staging Area
	Little evidence of any residue remaining
	Water treatment plant sludge residue removed.

	36
	Plant Site
	Coal Ash Landfill
	Cover appears to be in good condition
	Permitted Landfill.  Closed and subject to post-closure monitoring.

	37
	Plant Site
	Line 9 Area 5 Petroleum Contaminated Soil
	Permitted petroleum land application site with 25,000 cubic yards of soils
	The MPCA sent a closure letter for this site on February 24, 2006.  

	38
	Plant Site
	Area 2 Shops
	Contains a locomotive fueling station and a septic system.
	Excavation conducted Summer 2007.  Pending MPCA PRP conditional closure.  Full closure is contingent on sampling results for the land treated soils.  

	40
	Plant Site
	Heavy Duty Garage
	Formerly used for equipment maintenance
	Building and one UST removed

	42
	Plant Site
	Bunker C Tank Farm
	Large AST of #4 and #6 fuel oil.
	Remedial excavation completed in 2007.  Fuel line removal scheduled for summer 2009

	43
	Plant Site
	Administration Building
	One heating oil UST was abandoned in place
	Facility still in use.

	44
	Plant Site
	Main Gate Vehicle Fueling Area
	Contains several AST used for fueling trucks.
	Facility still in use.

	46
	Plant Site
	Plant Site Proper/General Shops
	Former taconite processing area – no specific issues identified.
	No actions have been taken with regard to this site.

	47
	Tailings Basin
	Tailings Basin Reporting
	Septic system remains
	Two USTs removed

	48
	Tailings Basin
	Transformers
	Several transformers present, but records indicate that do not contain PCBs.
	No actions have been taken with regard to this site.

	49
	Tailings Basin
	Coarse Crusher Petroleum Contaminated Soil Stockpile
	Contained floor sweepings (containing oil).  
	All contaminated soil was removed in 1990s.

	50
	Tailings Basin
	Emergency Basin
	No additional information available.
	SAP approved by MPCA in 10/08.  Implementation scheduled for 2009.

	51
	Tailings Basin
	Salvage and Scrap Areas
	Some areas of soil staining
	No actions have been taken with regard to this site.

	52
	Tailings Basin
	Cell 2W Salvage Area
	Several small soil stained areas as well as the remnants of a mobile AST.
	No actions have been taken with regard to this site.

	53
	Tailings Basin
	Cell 2W Hornfels waste rock
	Sulfide waste rock disposed under a MPCA/MnDNR approved plan.
	NPDES monitoring on-going.

	59
	Colby Lake
	Colby Lake Pumping Station
	One transformer remaining.
	One heating oil AST removed in 1970.  


Source: NTS 2008; NTS 2002; Scott 2009, Personal Communication, “Re: Reconciling AOCs”; NTS 2009

UST – underground storage tank; AST – aboveground storage tank; VIC – Voluntary Investigation and Cleanup; WTP – water treatment plant; SAP – Sampling and Analysis Plan

Table 4.1-10
Non-PolyMet Area of Concern Summary List for Voluntary Investigation and Cleanup Program

	AOC
	Responsible Party
	Site Description
	Issues
	Status

	2
	Mesabi Nugget
	Area 1 petroleum contaminated soil
	petroleum contaminated soil
	liability transferred

	3
	Mesabi Nugget
	Sludge site
	sludge contaminated soil
	liability transferred

	4
	Mesabi Nugget
	1004 storage area
	soil staining and debris
	liability transferred

	5
	Mesabi Nugget
	Roofing disposal site
	roofing debris
	liability transferred

	15
	Cliffs Erie
	Railroad storage area
	Debris
	No action to date

	16
	Cliffs Erie
	Area 2 vibratory loading pocket
	 
	Phase II submitted November 2008, requested no further action

	17
	Cliffs Erie
	Area 2 truck fueling
	 
	Site has been closed through the VIC program

	18
	Cliffs Erie
	Area 2 superpocket
	 
	Phase II submitted November 2008, requested no further action

	19
	Mesabi Nugget
	Area 2WX reporting
	 
	Site has been closed through the VIC program in letter dated 7/31/08

	20
	Mesabi Nugget
	Area 2WX shovel salvage
	 
	Site has been closed through the VIC program in letter dated 7/31/08

	21
	Mesabi Nugget
	Area 2WX truck fueling
	 
	Site has been closed through the VIC program

	22
	Mesabi Nugget
	Area 2WX vibratory loading pocket
	 
	Site has been closed through the VIC program in letter dated 7/31/08

	23
	Mesabi Nugget
	Area 2WX superpocket
	 
	Site has been closed through the VIC program

	26
	Mesabi Nugget
	Area 6 truck fueling
	 
	Site has been closed through the VIC program

	27
	Mesabi Nugget
	Area 6 misfired blast
	 
	Site has been closed through the VIC program

	28
	Mesabi Nugget
	Area 9S former Aurora dump site
	Debris
	liability transferred

	29
	Mesabi Nugget
	Stockpile #9021
	debris related to Aurora dump site
	liability transferred

	30
	Mesabi Nugget
	Pre-taconite plant
	Debris
	liability transferred

	31
	Mesabi Nugget
	Area 9N vibratory loading pocket
	septic tank and drain field
	liability transferred

	32
	Duluth Metals
	Dunka shops and reporting
	demolition debris, closed leak site
	Phase I ESA and SAP complete, but not yet submitted

	33
	Duluth Metals
	North loading pocket – Dunka
	abandoned wells and septic system
	Phase I ESA and SAP complete, but not yet submitted

	34
	Duluth Metals
	South loading pocket – Dunka
	abandoned wells and septic system
	Phase I ESA and SAP complete, but not yet submitted

	39
	Cliffs Erie
	Knox Railroad fueling station
	 
	Pending closure based on confirmatory sampling

	41
	Cliffs Erie
	Oxygen plant
	 
	Pending closure

	45
	Cliffs Erie
	Pellet storage area and load-out
	soil staining and petroleum residue
	No action to date

	54
	Cliffs Erie
	Taconite Harbor marine fueling ASTs
	 
	Pending closure based on confirmatory sampling

	55
	Cliffs Erie
	Taconite Harbor oil track
	 
	Pending closure based on confirmatory sampling

	56
	Cliffs Erie
	Coal ash landfill - Taconite Harbor
	 
	Managed through NPDES permit, no VIC action

	57
	Cliffs Erie
	Murphy City
	soil staining, well and septic system
	Phase I ESA and SAP complete, but not yet submitted

	58
	Cliffs Erie
	Rail lubricators
	stained soil
	No action to date

	60
	Cliffs Erie
	Brick recycling area
	 
	Site has been closed through the VIC program

	61
	Cliffs Erie
	PCB ditch investigation (pellet plant)
	 
	Site has been closed through the VIC program

	62
	Cliffs Erie
	Pellet plant
	soil staining and debris
	Phase I ESA and SAP submitted in December 2008, additional action likely


Source: NTS 2008; NTS 2002.

UST – underground storage tank; AST – aboveground storage tank; VIC – Voluntary Investigation and Cleanup; SAP – Sampling and Analysis Plan

Groundwater Use

There are no existing domestic wells between the Mine Site and the Partridge River (Minnesota Department of Health, http://mdh-agua.health.state.mn.us/cwi/).  There are, however, 27 known domestic wells between the Tailings Basin and the Embarrass River, with the closest being approximately 1.6 miles from the toe of Cell 2E, as shown in Table 4.1-11 and Figure 4.1-9.  In addition, there are several valid Water Appropriation Permits for mine pit dewatering in the Project area, including the Peter Mitchell Mine (Permit #822097), which authorizes Northshore Mining Company to withdraw up to 29,700 gpm (66.2 cfs) of groundwater.  This water is discharged to both the Partridge and Dunka rivers pursuant to NPDES/SDS permit MN0046981.  

Table 4.1-11
Existing Domestic Wells Located Between the Proposed PolyMet Tailings Area and the Embarrass River 

	Unique

Well No.
	Map Number
	Direction

From Site
	Surface Elev.

(ft)
	Depth

(ft)
	Depth

Cased (ft)
	GWL

(ft

bgs)
	Casing

Diameter

(in)
	Aquifer

	476480
	1
	NW
	1445
	63
	63
	8
	6
	Alluvium

	584595
	2
	N
	1468
	30
	30
	8.3
	6
	Alluvium

	144818
	3
	N
	1467
	45
	28
	--
	6
	Bedrock

	668955
	4
	N
	1459
	50
	50
	15.3
	6
	Alluvium

	658445
	5
	N
	1436
	83
	81
	-2
	6
	Bedrock

	693384
	6
	W
	1423
	325
	20
	22
	6
	Bedrock

	151880
	7
	NW
	1433
	103
	96
	--
	6
	Multiple

	189325
	8
	NW
	1430
	97
	97
	7
	6
	Alluvium

	519773
	9
	NW
	1417
	42
	42
	5
	6
	Alluvium

	169958
	10
	NW
	1443
	223
	33
	23
	6
	Bedrock

	411142
	11
	NW
	1445
	229
	34
	35
	6
	Bedrock

	409338
	12
	NW
	1429
	43
	43
	25
	6
	Alluvium

	563293
	13
	N
	1459
	325
	18
	--
	6
	Bedrock

	555048
	14
	NNE
	1459
	45
	29
	0
	6
	Bedrock

	620123
	15
	NNE
	1461
	65
	18
	8.2
	6
	Bedrock

	555023
	16
	NNE
	1459
	100
	19
	--
	6
	Bedrock

	716183
	17
	NNE
	--
	325
	29
	20.5
	6
	Bedrock

	174550
	18
	NE
	1445
	60
	50
	8
	7
	Bedrock

	447031
	19
	N
	1451
	86
	86
	15
	6
	Alluvium

	701452
	20
	N
	--
	125
	40
	8
	6
	Unknown

	735554
	21
	N
	--
	205
	31
	14
	6
	Bedrock

	576439
	22
	NNW
	1447
	80
	80
	7.7
	6
	Alluvium

	187853
	23
	NNW
	1465
	90
	90
	--
	6
	Alluvium

	529149
	24
	NNW
	1468
	42
	42
	22
	6
	Alluvium

	620143
	25
	NNW
	1469
	61
	61
	34.4
	6
	Alluvium

	409060
	26
	NNW
	--
	100
	60
	40
	6
	Unknown

	741400
	27
	NNW
	--
	41
	41
	21
	6
	Unknown


Source:  Minnesota County Well Index (http://mdh-agua.health.state.mn.us/cwi/) and Barr 2009, Results of Residential Well Sampling North of LTVSMC Tailings Basin 

GWL - groundwater level; bgs – below ground surface

4.1.1.3
Surface Water Resources

The Partridge and Embarrass rivers are the two primary waterbodies draining the Project and both are within the St. Louis River Basin (Figure 4.1-1).  This section describes the existing hydrology and water quality of these two rivers and other potentially affected tributaries in the Project area.

Hydrology

Partridge River

The Partridge River forms just south of the Peter Mitchell Mine (although historically it source was further upstream) and flows approximately 32 miles to its confluence with the St. Louis River, draining a total of approximately 161 square miles as measured at Aurora, MN, approximately three miles from the St. Louis River confluence.  The Partridge River watershed is primarily a mix of upland forest (47%) and wetlands (43%), with very little development (4%).  There are several active and inactive mines within the watershed including the active Peter Mitchell Mine in the headwaters, as well as the former LTVSMC mine.  All of the proposed Mine Site and a portion of the Plant Site drain to the Partridge River.  Seeps from the southern portion of the LTVSMC Tailings Basin (south side of Cell 1E) flow to Second Creek, a tributary of the Partridge River.  The Partridge River varies from sluggish marshy reaches, to large open ponds, to steep boulder rapids.

There are limited flow data available for the Partridge River.  Data from four USGS gaging stations within the Partridge River watershed (Figure 4.1-1) are available, but the period of record for each is relatively short and the three that reflect flow from the Project area have all been impacted by mining operations (Table 4.1-12).  The Partridge River above Colby Lake (USGS Station #04015475) is the gaging station that best represents flows from the Project area, but only has 10 years of flow records available (1978-1988). As previously indicated, it is the tribal cooperating agencies’ position that this data is inadequate. Tribal cooperating agencies have requested that additional data be collected. 

The available flow records indicate that streamflow is generally low from late fall through the winter, rises sharply during spring snowmelt, and recedes during the summer, except during occasional heavy storms.  This pattern of significantly reduced summer streamflow is characteristic of streams draining extensive bogs (Wright et.al. 1992).  Baseflow is low during the winter because little groundwater recharge occurs since most precipitation falls as snow and is not available for infiltration or runoff until it melts (Siegel and Ericson 1980).  The discharge statistics for USGS Station above Colby Lake as well as modeled flow at six other upstream locations (SW-001, SW-002, SW-003, SW-004, SW-004a, and SW-005) on the Partridge River (Figure 4.1-11) are presented in Table 4.1-13.  As previously discussed, it is the tribal cooperating agencies’ position that these patterns are not representative of the Partridge River near the mine site. The gauging station is seventeen miles from the mine site and the data from that station are twenty years old and therefore, unlikely to be representative of current conditions at the mine site.

A Level I Rosgen Geomorphic Survey (Rosgen 1996) was conducted for the Partridge River from its headwaters to Colby Lake, a distance of about 28 miles (RS26, Barr 2005).  A Level I Survey is a physical classification of a stream channel to determine its geomorphic characteristics based on the relationship of its physical geometry and hydraulic characteristics.  The purpose of a geomorphic survey is to evaluate the stability of a stream under existing conditions, to determine its sensitivity to change, and to indicate how restoration may be approached if a portion of the stream becomes unstable.  This broad level characterization was performed using 2003 aerial photography, USGS 7.5 minute quadrangles with a 10-foot contour interval, available ground photographs, and two site visits.  


Table 4.1-12
Monthly Statistical Flow Data for USGS Gaging Stations in the Partridge River Watershed

	Station:
	04015475 Partridge River Above Colby Lake
	04015500 Second Creek Near Aurora
	04016000 Partridge River Near Aurora

	Period of Record:
	1978-1988
	 
	 
	1955-1980
	 
	 
	1942 - 1982
	 
	 

	Drainage Area:
	103.4 mi2
	 
	 
	29.0 mi2
	 
	 
	161 mi2
	 
	 

	Contributing Drainage Area:
	103.4 mi2
	 
	 
	22.4 mi2
	 
	 
	147.7 mi2
	 
	 

	 
	Monthly
	Daily
	Daily
	Monthly
	Daily
	Daily
	Monthly
	Daily
	Daily

	Month
	Average
	Minimum
	Maximum
	Average
	Minimum
	Maximum
	Average
	Minimum
	Maximum

	October
	1241
	14
	775
	24
	1.2
	134
	97
	3.3
	1,140

	November
	63
	13
	468
	20
	4.0
	103
	71
	4.0
	308

	December
	20
	4.1
	95
	12
	2.2
	35
	34
	5.7
	116

	January
	7.5
	1.4
	23
	9.2
	1.5
	30
	21
	2.3
	61

	February
	6.4
	0.96
	26
	8.9
	1.5
	28
	17
	2.3
	41

	March
	16
	0.61
	209
	16
	2.0
	84
	41
	3.0
	1,560

	April
	242
	4.0
	1,960
	47
	5.0
	233
	271
	6.5
	2,580

	May
	220
	11
	874
	34
	1.7
	126
	333
	37
	3,190

	June
	105
	5.9
	568
	29
	1.4
	95
	210
	17
	2,920

	July
	104
	0.54
	866
	23
	3.1
	90
	101
	11
	950

	August
	55
	0.68
	480
	20
	2.6
	130
	64
	5.2
	459

	September
	87
	2.0
	383
	24
	1.9
	100
	81
	3.2
	438


Source:  Statistical data from USGS National Water Information System (http://nwis.waterdata.usgs.gov/nwis)

1 All values in cfs unless otherwise noted.

Table 4.1-13
Flow Statistics for Various Locations along the Partridge River (1978-1988)

	
	
	Location
	

	Statistic
	Units
	SW-0011
	SW-0021
	SW-0031
	SW-0041
	SW-004a1
	SW-0051
	USGS Gage

	Mean Annual Flow
	cfs
	4.7
	11
	12
	19
	45
	83
	88

	Max 1-Day Flow
	cfs
	68
	193
	246
	385
	1,163
	1,859
	1,960

	Avg.  Max 1-Day Flow
	cfs
	32
	90
	107
	166
	474
	722
	748

	Max 3-Day Flow
	cfs
	57
	173
	214
	365
	1,002
	1,753
	1,840

	Max 7-Day Flow
	cfs
	42
	140
	171
	291
	759
	1,380
	1,446

	Max 30-Day Flow
	cfs
	30
	77
	91
	148
	356
	676
	710

	Max 90-Day Flow
	cfs
	15
	39
	46
	75
	180
	344
	362

	Min 1-Day Flow
	cfs
	0.01
	0.05
	0.07
	0.09
	0.22
	0.49
	0.54

	Avg.  Min 1-Day Flow
	cfs
	0.06
	0.32
	0.42
	0.62
	1.6
	3.3
	3.6

	Min 3-Day Flow
	cfs
	0.01
	0.06
	0.08
	0.11
	0.28
	0.59
	0.65

	Min 7-Day Flow
	cfs
	0.01
	0.07
	0.09
	0.13
	0.32
	0.68
	0.79

	Min 30-Day Flow
	cfs
	0.03
	0.12
	0.15
	0.21
	0.55
	1.1
	1.2

	Min 90-Day Flow
	cfs
	0.11
	0.29
	0.34
	0.52
	1.15
	2.1
	2.2


Source:  Table 2, RS73B, Barr 2008.

1 
These values reflect predicted existing flows based on the XP-SWMM model and are not actual monitored flow values.

The survey results indicated that 54 percent of the Partridge River is a Type C channel, 31 percent is a Type E channel, and 13 percent is a Type B channel.  Type C channels are characterized as being moderately sinuous (meandering), having a mild slope, a well-developed floodplain, and are fairly shallow relative to their width.  Type E channels are similar to Type C, except that they tend to be more sinuous and deeper relative to their width.  Type B channels are steeper, straighter, and have less floodplain available than Type C or E channels.  Type B channels tend to be less sensitive to impact than Type C or E channels, and on the Partridge River are dominated by boulder material.

The Rosgen field survey found the Partridge River to be stable, with no evidence of erosion problems except in its headwaters.  In general, the Partridge River has well vegetated streambanks for nearly its entire length, and a very well-developed floodplain for all but the Type B reaches.  There are many beaver dams along the entire length of the Partridge River, particularly at the head of rapids sections, which create wide pools.  Because its steep reaches are well-armored and the flatter reaches tend to have well vegetated shorelines, the Partridge River is considered to be a robust stream.  The limited erosion and /or channel widening found in the headwaters (Stations 131,000 to 147,600) may be attributable to pit dewatering discharges from the Peter Mitchell Mine (maximum permitted flow rate of 36.3 cfs) and historic straightening of the river channel for construction of a railroad.  

There are several mines, the City of Hoyt Lakes Waste Water Treatment Plant (WWTP), and Minnesota Power’s Laskin Energy Center (power plant) that have discharged in the past, and/or are currently discharging water that affect flows in the Partridge River (Figure 4.1-12).  Table 4.1-14 summarizes the NPDES/SDS discharges to the Partridge River and its tributaries.  Most of these outfalls do not discharge continuously, and many, although still “active” in terms of permit status, have not discharged for many years (e.g., various mine pit dewatering discharges).  Although mine discharges have occurred at least periodically in the Project area since 1956 when the Peter Mitchell Mine began operations, there are few readily available mine pumping records available prior to 1988 when the state began requiring NPDES/SDS permit holders to report this information.  Pumping records for the Peter Mitchell Mine from 1976 to approximately 1986 are available and have an annual average of between 6.8 and 15.1 cfs.  Since 1988, the highest reported average monthly discharge from the Peter Mitchell Mine to the Partridge River was 34 cfs (RS74A, Barr 2008).  In addition, former LTVSMC Pits 3 and 5S are currently overflowing (RS74A, Barr 2008).  The number and volume of these discharges compared to average and especially low flow in the Partridge River indicate that these discharges have the potential to significantly affect flows and the lack of historical information regarding actual dates of discharge complicate interpreting the flow record.

Colby Lake and Whitewater Reservoir

Colby Lake is located approximately eight miles southwest from the Mine Site and about four miles south of the Plant Site on the Partridge River with a surface area of approximately 539 acres and a maximum depth of approximately 30 feet (Figure 4.1-1).  The outlet control of Colby Lake is approximately elevation 1,438.5 feet msl.  When water levels drop below this level, outflow from the lake stops.  Colby Lake is currently used as a potable water source for the city of Hoyt Lakes and as a cooling water source for the Laskin Energy Center coal-fired power plant owned by Minnesota Power.  The power plant discharges the once-through non-contact cooling water (SD001) to the downstream portion of the lake (see Figure 4.1-13), but there is up to a 2.7 mgd evaporative loss of water (see Table 4.1-14).

Around 1955, in order to assure a reliable source of water, LTVSMC constructed Whitewater Reservoir and the Diversion Works, which connects Colby Lake and Whitewater Reservoir.  Formerly known as Partridge Lake, this impoundment increased the surface area and depth of the original lake and subjected it to greater annual water level fluctuations.  Whitewater Reservoir has a surface area of approximately 1,210 acres and a maximum depth of approximately 73 feet.  Water losses due to seepage through the northwest dike can be 15 cfs or more, which drain to the Partridge River downstream of Colby Lake (Adams et al. 2004).  The city of Hoyt Lakes discharges an annual average of 0.39 cfs of treated wastewater effluent into Whitewater Reservoir (see Table 4.1-14 and Figure 4.1-13).  

The Diversion Works contain three 8-foot gates that can be opened to allow the release of water from Colby Lake to Whitewater Reservoir during high flows in the Partridge River.  It also contains three high-volume pumps to move water back to Colby Lake during low water levels.  During operation by LTVSMC, water would typically flow through the Diversion Works gates from Colby Lake to Whitewater Reservoir during the spring runoff, then be pumped back into Colby Lake when needed, although this system was not used as much as expected.  When water levels in Colby Lake fall below 1,439.0 feet msl due to low inflows, the MnDNR Water Appropriation Permit (1949-0135) limits withdrawals of water from Colby Lake to the rate that water can be pumped from Whitewater Reservoir to replace the water withdrawn.  

Table 4.1-14
Discharges to and Water Withdrawals from the Partridge River Watershed 
	
	
	
	
	Volume (mgd)

	NPDES Permit Number
	Discharge ID
	Outfall Description
	Receiving Waters
	Avg.1
	Max.

	MN0069078

Mesabi Mining LLC
	SD-001
	Composite SD-018 to SD-021
	Colby Lake 
	NA
	NA

	
	SD-005
	Pit 9 dewatering pipe
	First Creek
	5.0
	7.2

	
	SD-006
	Pit 6 dewatering pipe
	Second Creek
	10.0
	14.4

	
	SD-007
	Pit 9S dewatering pipe
	First Creek
	10.8
	14.4

	
	SD-014
	Pit 2WX dewatering pipe
	Second Creek (via wetlands)
	5.0
	7.2

	
	SD-015
	Pit 2WX dewatering pipe
	Second Creel (via wetlands)
	5.0
	7.2

	
	SD-016
	Pit 2WX dewatering pipe
	Second Creek (via wetlands)
	5.0
	7.2

	
	SD-017
	Pit 2WX dewatering pipe
	Second Creek (via wetlands)
	5.0
	7.2

	
	SD-018
	Pit 2WX dewatering pipe
	Tributary to Colby Lake
	5.0
	7.2

	
	SD-019
	Pit 2WX dewatering pipe
	Tributary to Colby Lake
	5.0
	7.2

	
	SD-020
	Pit 2WX dewatering pipe
	Tributary to Colby Lake
	5.0
	7.2

	
	SD-021
	Pit 2WX dewatering pipe
	Tributary to Colby Lake
	5.0
	7.2

	
	SD-023
	Pit 9S dewatering pipe
	First Creek
	10.8
	14.4

	
	SD-024
	Pit 6 dewatering pipe
	First Creek
	--
	7.2

	MN0042536

Cliffs Erie LLC
	SD-008
	Pit 2W dewatering pipe
	Second Creek
	5.0
	7.2

	
	SD-009
	Pit 2W dewatering pipe
	Second Creek
	5.0
	14.4

	
	SD-010
	Pits 2/2E/3 dewatering pipe
	Wetland to Wyman Creek
	5.0
	7.2

	
	SD-011
	Pits 2/2E/3 dewatering pipe
	Wetland to Wyman Creek
	5.0
	7.2

	
	SD-012
	Pit 3 overflow channel
	Wyman Creek
	5.0
	7.2

	
	SD-013
	Pit 2W dewatering pipe
	Tributary to Colby Lake
	7.2
	14.4

	
	SD-026
	Cell 1E seepage/stormwater
	Second Creek
	0.4
	0.9

	
	SD-030
	Pit 5S overflow
	Wyman Creek
	--
	--

	
	
	Stormwater from Area/Shops 
	Second Creek
	--
	--

	
	
	Stormwater from Plant Area
	Second Creek
	--
	--

	MN0067687 
Mesabi Nugget Delaware
	SD-001
	Pit 1 overflow
	Second Creek
	1.5
	5.8

	
	SD-003
	Pit 1 dewatering discharge
	Second Creek
	5.0
	14.4

	MN0046981 
Northshore Mining Co.

Peter Mitchell Mine
	SD-006
	185S pit dewatering
	Partridge River headwaters
	Inactive
	32.8

	
	SD-007
	223S pit dewatering
	Partridge River headwaters
	Inactive
	32.8

	
	SD-008
	258S pit dewatering
	Partridge River headwaters
	Inactive
	32.8

	
	SD-009
	280/292S pit dewatering
	Partridge River headwaters
	7.4
	32.8

	
	SD-010
	360S pit dewatering
	Partridge River headwaters
	0.17
	32.8

	
	SD-011
	380S pit dewatering
	Partridge River headwaters
	Inactive
	32.8

	
	SD-012
	430S pit dewatering
	Partridge River headwaters
	Inactive
	32.8

	
	SD-013
	Crusher 2 sanitary outfall
	Partridge River headwaters
	Inactive
	0.044

	
	SD-023
	Crusher 2 area discharge
	Partridge River headwaters
	0.0085
	0.09

	MN0020206 
Hoyt Lakes WWTP
	SD-002
	Main Facility Discharge
	Whitewater Reservoir
	0.68
	--

	MN0000990 MN Power Laskin Energy Center
	SD-001
	Main Discharge
	Colby Lake
	125.4
	136.71

	
	SD-2
	Ash Pond Discharge
	Colby Lake
	0.368
	1.44

	Water Appropriation 
	
	
	
	Volume (mgd)

	Permitee
	Permit Number
	Intake Description
	Water Source
	Avg.
	Max.

	MN Power/Cliffs Erie LLC
	1949-0135
	Mining process water
	Colby Lake
	--
	21.62

	MN Power (Laskin)
	1950-0172
	Cooling Water
	Colby Lake
	--
	144.73

	Hoyt Lakes
	1954-0036
	Municipal Water Supply
	Colby Lake
	0.38
	1.54


Source:  MPCA (http://www.pca.state.mn.us/data/edawater)

1 
Average flow when discharging.  Many of these discharges only occur intermittently and may be currently inactive.

2 
Represents instantaneous peak withdrawal, permit also includes a maximum average withdrawal rate of 17.3 mgd for any continuous 60-day period.

3 
Includes a maximum 2.7 mgd consumptive use for evaporative losses.

4 
Represents instantaneous peak withdrawal, permit also includes an annual maximum withdrawal rate of 0.44 mgd.

After closure of the LTVSMC mine and processing plant in 2001, Minnesota Power purchased the Diversion Works and all of LTVSMC’s riparian land around Whitewater Reservoir.  This land currently is leased as lake-front property.  The Water Appropriation Permit is currently jointly held by Minnesota Power and Cliffs Erie LLC.  An agreement has been reached, however, whereby PolyMet would replace Cliffs Erie LLC as the co-lessee and enable PolyMet to obtain makeup water from Colby Lake for use at the Plant Site.

In the five-year period after LTVSMC stopped its water withdrawals (i.e., January 2001 to December 2006) under relatively natural flows (e.g., discharges from the Peter Mitchell Mine were occurring periodically), water levels in Colby Lake were higher with less fluctuation than when LTVSMC was withdrawing water for its mining operations (Table 4.1-15).  Over the same period, Whitewater Reservoir also experienced less fluctuations and high average water levels.

Table 4.1-15
Comparison of Colby Lake Elevations over Time

	Time Period
	Represent
	Source
	Max Annual
Fluctuation1
	% Time 
below el. 1,439.0

	1937-1954
	Pre-mining
	Actual measurements
	4.6 ft
	5.0%

	1955-1992
	During mining 
(with LTVSMC withdrawals)
	Actual measurements
	4.1 ft
	24.1%

	1976-1988
	During mining

(without LTVSMC withdrawals)
	Modeled predictions
	5.6 ft
	25-27%

	2001-2006
	During mining 
(without LTVSMC withdrawals)
	Actual measurements
	3.7 ft
	7.5%


Source:  RS73A, Barr 2008; Adams, Leibfried, and Herr 2004.

1
Maximum annual fluctuation is the maximum difference between annual maximum and minimum water elevations for any single year during the indicated time period.

Lower Partridge River Downstream of Colby Lake

Downstream of Colby Lake, the Partridge River flows about four more miles before reaching its confluence with the St. Louis River.  Second Creek (also known as Knox Creek) is a tributary of the Partridge River in this segment and currently receives an annual average of 1.2 cfs seepage from the LTVSMC Tailings Basin (refer to Seeps 32 and 33 as shown in Figure 4.1-14) (RS74B, Barr 2008).  Second Creek is also currently receiving seepage from Pit 6 as well as dewatering flows from Pit 1 as part of the Mesabi Nugget Project (see Table 4.1-14, Mesabi Nugget, SD-003).

Embarrass River  

The Embarrass River originates just south of the City of Babbitt and flows southwest approximately 23.2 miles to its confluence with the St. Louis River, draining 171 square miles as measured at McKinley, near the confluence with the St. Louis River.  The Embarrass River watershed is dominated by upland forests (50%), wetlands (35%) and scrub/shrub (8%), with little development.  In terms of the Project, most of the Tailings Basin drains to the Embarrass River.  

Relatively little flow data are available for the Embarrass River.  There are two USGS gaging stations located within the watershed (#04017000 located about three miles northwest of the Tailings Basin and #04018000 located about seven miles southwest of the Tailings Basin), but they  only provide flow records for 22 and 9 years respectively.  Table 4.1-16 provides flow data for the nearest gaging station at Embarrass (Figure 4.1-1 for location).   

Table 4.1-16
Monthly Statistical Flow Data for USGS Embarrass Gaging Stations

	Station:
	04017000 Embarrass River at Embarrass

	Period of Record:
	1942 – 1964
	 
	 

	Drainage Area:
	88.3 mi2
	 
	 

	 Month
	Monthly Average (cfs)
	Daily Minimum (cfs)
	Daily Maximum (cfs)

	October
	46
	2.6
	453

	November
	33
	4.9
	166

	December
	14
	3.4
	50

	January
	6.7
	0.90
	22

	February
	5.0
	0.90
	14

	March
	22
	1.4
	774

	April
	190
	2.6
	1,490

	May
	194
	21
	1,720

	June
	114
	5.2
	1,090

	July
	63
	3.6
	790

	August
	31
	1.8
	284

	September
	50
	2.2
	789


Source: USGS National Water Information System (http://nwis.waterdata.usgs.gov/nwis).
The headwaters of the Embarrass River watershed include a portion of the city of Babbitt, but are otherwise relatively undeveloped and unaffected by any mining.  The City of Babbitt WWTP has an annual average discharge of approximately 0.33 cfs to the headwaters pursuant to NPDES/SDS Permit MN0020656.  PolyMet has established a monitoring station (PM-12), as shown in Figure 4.1-1, above all Project influences with a drainage area of 18.9 square miles.  PolyMet estimated low (i.e., average annual 30-day minimum flow), average (i.e., mean annual flow), and high (i.e., annual 1-day maximum flow) flows at this station as 1.19, 13.80, and 144.35 cfs, respectively (Barr 2008, External Memorandum: Changes to the Tailings Basin Flows in the Embarrass River Watershed).

Overflow and seepage from several former mining facilities contributes to the flow in the Embarrass River, as shown in Table 4.1-17 and Figure 4.1-12.  Based on bi-monthly flow measurements between 2001 and 2007, an average of approximately 1.99 cfs (893 gpm) overflows from Pit 5NW to Spring Mine Creek where it flows north about five miles before joining the Embarrass River just downstream of monitoring station PM-12 (Figure 4.1-7).  

Table 4.1-17
NPDES/SDS Discharges to the Embarrass River Watershed

	
	
	
	
	
	Volume (cfs)

	NPDES/SDS

Permit Number
	Permit Number
	Outfalls ID
	Outfall Description
	Receiving Waters
	Avg.1
	Max.

	Mesabi Mining LLC
	MN0069078
	SD-022
	Pit 9 Dewatering Pipe
	Wynne Lake
	7.7
	11.1

	Cliffs Erie LLC
	MN0042536
	SD-033
	Pit 5NW overflow
	Spring Mine Creek
	0.39
	

	Mesabi Nugget Delaware LLC
	MN0067687
	SD-004
	Pit 1 dewatering discharge
	Wynne Lake
	8.4
	18.3

	Cliffs Erie LLC
	MN0054089
	SD-001
	NW seepage collection ditch
	Unnamed creek
	--
	--

	
	
	SD-002
	NE seepage collection ditch
	Trimble Creek
	--
	--

	
	
	SD-004
	Tailings Basin Cell 2W Seep A
	Unnamed creek
	0.28
	3.00

	
	
	SD-005
	Tailings Basin Cell 2W Seep B
	Kaunonen Creek
	--
	0.46

	
	
	SD-006
	Power line access road culvert
	Unnamed creek
	5.0
	6.2


Source:  MPCA (http://www.pca.state.mn.us/data/edawater)
1 Average flow when discharging.  Many of these discharges only occur intermittently and may be currently inactive.

The LTVSMC Tailings Basin, proposed for reuse by PolyMet, was operated from 1953 until it was shutdown in January 2001.  The existing Tailings Basin is unlined and the perimeter embankments do not have a clay core or cutoff, which allows for both surface seepage through the embankment and groundwater seepage under the embankment.  Shortly after LTVSMC ceased operations, seepage from all cells (Cells 1E/2E and 2W) was estimated as 12.7 cfs (5,710 gpm), of which 11.5 cfs (5,160 gpm) flows toward the Embarrass River, with the remainder (1.2 cfs or 550 gpm) draining to Second Creek, a tributary of the Partridge River (RS74B, Barr 2008).  More recent monitoring (October 2008) estimated total seepage from the Tailings Basin as 1.8 cfs (800 gpm) (NTS 2009).  Table 4.1-18 summarizes data for 33 LTVSMC seeps as shown in Figure 4.1-14 identified over the period 2002 to 2006 (RS55T, Barr 2007).  As the flow monitoring shows, seepage at most locations has declined or stopped since tailings disposal was discontinued in 2001.  Only Seep 30, which drains to wetlands north of the Tailings Basin in the Embarrass River watershed, and Seeps 32/33, which drain to Second Creek in the Partridge River watershed, still have any significant flow.  PolyMet estimates current groundwater seepage as approximately 4.0 cfs (900 gpm from Cells 1E/2E and 895 gpm from Cell 2W (Hinck 2009, Personal Communication).  During low flow conditions, PolyMet estimates the current groundwater flow from the Tailings Basin actually reaching the Embarrass River as only 1.2 cfs (540 gpm) based on calibration of the Embarrass River model (RS74B, Barr 2008).  

PolyMet has established a second surface water monitoring station (PM-13), as shown in Figure 4.1-1 along the Embarrass River just downstream of the Heikkila Lake tributary with a drainage area of 111.8 square miles.  This station is believed to be downstream of all Tailings Basin seepage and will be used to evaluate Project effects on flow and water quality in the Embarrass River.  PolyMet estimated low (i.e., average annual 30-day minimum flow), average (i.e., mean annual flow), and high (i.e., annual 1-day maximum flow) flows at this station as 5.66, 81.53, and 853.08 cfs, respectively (Barr 2008, External Memorandum: Changes to the Tailings Basin Flows in the Embarrass River Watershed).

Table 4.1-18
Summary of Existing Tailings Basin Surface Seeps (Figure 4.1-14) 

	Seep ID
	Description
	Range of Flow (gpm)

	
	
	5/02 – 10/06
	October 20081

	Seep 1
	Emergency Basin area seep
	0-1
	0

	Seep 2
	Emergency Basin area seep
	~0
	0

	Seep 3
	Emergency Basin area seep
	0-12
	0

	Seep 4
	Emergency Basin area seep
	0-42
	0

	Culvert
	Combined flow of seeps 1-4 (WS-011)
	0-21.8
	0

	Seep 5
	Emergency Basin area seep
	0-0.8
	~0

	Seep 6
	Emergency Basin area seep
	0-1.6
	~0

	Seep 7
	Emergency Basin area seep
	0-1.6
	~0

	Seep 8
	Emergency Basin area approx.  4 seeps
	0-35
	~0

	Seep 9
	Emergency Basin area seep
	~0
	~0

	Weir
	Combined flow of seeps 5 thru 9 (WS-012)
	0-94
	0

	Seep 10
	West side of TB
	0->750
	0

	Seep 11
	West side of TB
	0-0.5
	0

	Seep 12
	West side of TB
	0-0.5
	0

	Seep 13
	West side of TB
	0-1.5
	0

	Seeps 14-17
	West side of TB
	0-0.8
	0

	Weir
	Combined flow of seeps 11 thru 17
	0-25
	0

	Seep 18
	West side of TB
	0-2
	0

	Seep 19
	West side of TB
	0-22
	0

	Seep 20
	Northwest side of TB pipe flow
	0-5.0
	2.5

	Seep 21
	Northwest side of TB
	0-1.5
	0

	Seep 22
	Northwest side of TB (SD-004)
	1.0-7.0
	3.0

	Seep 23
	No pipe present
	0-6.0
	0

	Seep 24
	Flow from pipe (North Side seep)
	1-21
	10

	Seep 25
	Flow from pipe
	2.5-29
	0

	Seep 26
	North Side of TB
	0-1.0
	0

	Seep 27
	Flow from pipe
	0-<1
	0

	Seep 28
	Flow from pipe
	0-0.25
	0

	Seep 29
	Flow from pipe
	0-30
	0

	Seep 30
	Three seeps in one small area, no pipe present.
	1.5-127
	100

	Seep 31
	Various seeps along northeast side of TB
	0->60
	0

	Seeps 32-33
	Drains to Second Creek
	0-554
	600


Source: Table 2, RS55T, Barr 2007; NTS 2008

1
Most recent flow data

Surface Water Quality

This section describes the applicable surface water quality evaluation criteria and the ambient water quality conditions for the primary waterbodies in the Project area.

Surface Water Quality Evaluation Criteria

The State of Minnesota classifies surface water bodies according to their designated use and establishes water quality standards to protect those uses.  The two water classifications with the most stringent regulatory water-quality standards are Class 1 (domestic consumption) and Class 2 (aquatic life and recreation) (Minnesota Rules, chapter 7050).  Other classifications include Class 3 (industrial consumption), Class 4 (agriculture and wildlife), Class 5 (aesthetic enjoyment and navigation), Class 6 (other uses), and Class 7 (limited resource value) designations.  These classes are further divided into subclasses with letter designations.  Water bodies can receive multiple designations.  In these cases, the applicable water quality standards usually would be the most restrictive standards from all the water’s listed classifications.  Applicable surface water criteria for the Project are presented in Table 4.1-19.  Discharges must not cause violation of water quality standards in the immediate receiving waters, but also must not cause exceedances in downstream waters that may have more stringent water quality standards.

In the Project area, in-stream surface water quality standards for the Partridge River and Embarrass River correspond to Class 2B (cold or warm water sport or commercial fishing), 3C (industrial cooling and materials transport), 4A (irrigation use), 4B (livestock and wildlife use), 5 and 6 waters, which is the default designation for all waterbodies in Minnesota unless explicitly stated otherwise (Minnesota Rules, part 7050.0430).  All other streams and lakes in the Project area have the default classification except Colby Lake, which is designated as Class 1B (treated with simple chlorination for domestic consumption) and 2Bd (cool or warm water sportfish and drinking water) waters, because the city of Hoyt Lakes uses it for domestic consumption, as well as Class 3C; and Wyman Creek, which directly drains to Colby Lake and therefore also receives the Class 1B classification, as well as 2A (aquatic life and recreation) and 3B (industrial consumption-moderate treatment) (Minnesota Rules 7050.0470).  All Project area waters are also designated Outstanding International Resource Waters (Minnesota Rules, part 7050.0460 and 7052.0300), which prohibits any new or expanded point source discharges of bioaccumulative substances of immediate concern (e.g., mercury) unless a nondegradation demonstration is completed and approved by MPCA.

A limited number of “wild rice waters” are designated (WR) in Minnesota Rules, part 7050.0470, to which a 10 mg/L sulfate standard is added to the Class 4A standards during periods when the rice may be susceptible to damage by high sulfate levels (i.e., typically during the growing season).  The only so designated “wild rice waters” in the Project area is Hay Lake, which flows to the Embarrass River downstream of the Project (Figure 4.1-1).  The Wild Rice Legislative Report (MnDNR 2008, Natural Wild Rice in Minnesota) included an inventory of wild rice stands in Minnesota.  In addition to Hay Lake, one other wild rice stand with no quantified acreage, was identified within the Embarrass River watershed based on a single harvester survey report.  The exact location of this stand is unknown, but was estimated by MnDNR as occurring about 15 miles downstream from the LTVSMC Tailings Basin (Drotts 2009).  It is unclear whether other wild rice stands exist along the Embarrass River, and, if they do, how the 10 mg/L standard would apply to them.  MPCA has indicated that it will review the applicability of wild rice standards on a case by case basis and has requested that PolyMet provide additional wild rice related information (Clark 2009, Personal Communication). It is the tribal cooperating agencies’ position that, as stated in Minn. 7050, the 10 mg/l of sulfate standard for wild rice applies for waterbodies where wild rice is found. The PCA has used this approach in past permitting activities (MINNTAC Schedule of Compliance, 2008). The 10 mg/l sulfate standard also applies to the Partridge River below Colby Lake where several wild rice beds are located. Tribal cooperating agencies note that the Army Corps has not completed consultation on cultural issues with the potentially affected tribes. This delay means that the extent of existing wild rice beds has not been fully characterized.

Because the Project is in the Lake Superior Basin, the Great Lakes Initiative water quality standards also apply (Minnesota Rules, chapter 7052).  These Lake Superior standards can vary from the water quality standards for the same parameters in Minnesota Rules, chapter 7050.  Where different, the 7052 standards supercede the 7050 standards, even if the 7052 rules are less stringent.  For parameters not listed in Minnesota Rules, chapter 7052, the standards from Minnesota Rules, chapter 7050 apply.  

Table 4.1-19
Surface Water Quality Evaluation Criteria Applicable to the NorthMet Project

	Parameter
	Units
	Class 1B
	Class 2B3
	Class 2Bd3
	Class 
3B
	Class 3C4
	Class 4A5
	Class 4B5
	Class 5
	Class 6

	General 
	
	
	
	
	
	
	
	
	
	

	Ammonia as N
	mg/L
	--
	--
	0.04
	--
	--
	--
	--
	--
	--

	Chloride
	mg/L
	250
	230
	230
	100
	250
	--
	--
	--
	--

	Dissolved Oxygen
	mg/L
	--
	> 5.0
	>5.0
	--
	--
	--
	--
	--
	--

	Fluoride
	mg/L
	2
	--
	--
	--
	
	--
	--
	--
	--

	Hardness
	mg/L
	--
	--
	--
	250
	500
	--
	--
	--
	--

	Nitrate as N
	mg/L
	10
	--
	--
	--
	--
	--
	--
	--
	--

	pH
	s.u.
	6.5-8.5
	6.5-9.0
	6.5-9.0
	6.0-9.0
	6.0-9.0
	6.0-8.5
	6.0-9.0
	6.0-9.0
	--

	Salinity
	mg/L
	--
	--
	--
	--
	--
	--
	1,000
	--
	--

	Sulfate
	mg/L
	250
	--
	--
	--
	--
	--(2)
	--
	--
	--

	Metals Total6
	
	
	
	
	
	
	
	
	
	

	Aluminum
	µg/L
	50-200
	125
	125
	--
	--
	--
	--
	--
	--

	Antimony
	µg/L
	6
	31
	5.5
	--
	--
	--
	--
	--
	--

	Arsenic
	µg/L
	10
	53(1)
	2.01
	--
	--
	--
	--
	--
	--

	Barium
	µg/L
	2,000
	--
	--
	--
	--
	--
	--
	--
	--

	Beryllium
	µg/L
	4.0
	--
	--
	--
	--
	--
	--
	--
	--

	Boron
	µg/L
	--
	--
	--
	--
	--
	500
	--
	--
	--

	Cadmium5
	µg/L
	5
	2.5(1)
	2.51
	--
	--
	--
	--
	--
	--

	Cobalt
	µg/L
	--
	5.0
	2.8
	--
	--
	--
	--
	--
	--

	Copper 5
	µg/L
	1,000
	9.3(1)
	9.31
	--
	--
	--
	--
	--
	--

	Iron
	µg/L
	300
	--
	--
	--
	--
	--
	--
	--
	--

	Lead 5
	µg/L
	--
	3.2
	3.2
	--
	--
	--
	--
	--
	--

	Manganese
	µg/L
	50
	--
	--
	--
	--
	--
	--
	--
	--

	Mercury
	ng/L
	2,000
	1.3(1)
	1.3
	--
	--
	--
	--
	--
	--

	Nickel 5
	µg/L
	--
	52(1)
	521
	--
	--
	--
	--
	--
	--

	Selenium
	µg/L
	50
	5.0(1)
	5.01
	--
	--
	--
	--
	--
	--

	Silver 5
	µg/L
	100
	1.0
	1.0
	--
	--
	--
	--
	--
	--

	Thallium
	µg/L
	2
	0.56
	0.28
	--
	--
	--
	--
	--
	--

	Zinc (5)
	µg/L
	5,000
	120(1)
	1201
	--
	--
	--
	--
	--
	--


Source: Minnesota Rules, chapters 7050 and 7052

All values represent total concentration unless otherwise noted.

1  Based on Minnesota Rule, part 7052.0100 Water Quality Standards Applicable to Lake Superior Basin, which supersedes standards listed in part 7050.  2  Sulfate standard of 10 mg/L applies if designated wild rice waters are present.  3  Minnesota Rule, part 7050.0223.  4  Minnesota Rule, part 7050.0224. 5  Water quality standard for this metal is hardness dependent.  The listed value assumes a hardness of 100 mg/L.  6  Standards for metals are expressed as total metals, but must be implemented as dissolved metal standards.  Factors for converting total to dissolved metals are listed in Minnesota Rules 7050.0222 and 7052.0360.

Upper Partridge River

Recent water quality data (collected by PolyMet in 2004 and 2006) and historic water quality data (back to 1956) are available for various constituents in various locations along the Partridge River, which are summarized in Table 4.1-20.  Most of these water quality data represent occasional grab samples and do not allow a detailed assessment of water quality trends, seasonal effects, or relationship to flow.  Nevertheless, collectively, the data can be used to generally characterize water quality in the watershed and draw some comparisons with surface water quality standards.  There are no water quality data available, however, that predate the operation of the Peter Mitchell Mine in 1956 and can be used to characterize relatively “undisturbed” conditions in the Partridge River.

Table 4.1-20
Available Surface Water Quality Monitoring Data in the Partridge River Watershed (Figure 4.1-1)

	Sample Location
	Source
	Sampling Period

	Main Stem Partridge River (in progressive downstream order)
	

	PM-1
	PolyMet
	2004, 2006

	PM-2/S-4
	PolyMet/Cominco
	1974-1976, 1978, 2001-2002, 2004

	PM-3/CN126/S-1
	PolyMet/C-N Study/Kennecott
	1974-1978, 2001-2004, 2006

	PM-16
	PolyMet
	2004, 2006

	PM-4/CN123
	PolyMet/C-N Study
	1976-1977, 2004, 2006

	Colby Lake
	C-N Study, USGS, MPCA, MN Power, Barr
	1976-1977, 1988, 2001

	Whitewater Reservoir
	MPCA
	1972, 2001

	USGS gage #04025500/CN122
	C-N Study
	1976-1977

	USGS gage #04016000
	C-N Study
	1956-1966, 1973, 1976-1977, 1979

	CN127
	C-N Study
	1976-1977

	Tributaries
	
	

	S. Branch, USGS gage #04015455
	C-N Study
	1973-1976

	Colvin Creek, CN124
	C-N Study
	1973-1976

	Wymans Creek, PM-5 / PM-6
	PolyMet
	2004

	Second Creek, PM-7, PM-17, PM-18
	PolyMet
	2004, 2006


Source: RS63, Barr 2007; RS74, Barr 2008; RS76, Barr 2007; Siegel and Ericson 1980; Barr 2009, External Memorandum: Colby Lake Water Quality Samples 

C-N Study – Regional Copper-Nickel Study

Section 303(d) of the Clean Water Act requires states to publish a list of waters that are not meeting one or more water quality standards.  The list, known as the 303(d) Total Maximum Daily Load (TMDL) list, is updated every two years.  The State of Minnesota 303(d) list, which was updated in 2008, contains 1,475 waterbodies requiring TMDLs.  The Partridge River is not listed as an impaired waterbody on the 303(d) list, although further downstream several segments of the St. Louis River are listed for “mercury in fish tissue” impairment.

In general, ambient water quality is similar across the watershed, although a few parameters (e.g., aluminum and copper) appear to reflect a slightly increasing trend downstream (Table 4.1-21).  Comparing 1970’s data from the Regional Copper-Nickel Study with recent (post-2000) PolyMet data collected at three common monitoring stations reveals that some parameters appear to have decreased in concentrations (e.g., sulfate and copper), while others have increased (e.g., iron, manganese, and zinc).  Although a few individual samples exceeded surface water quality evaluation criteria, overall water quality meets state water quality standards.  The only consistent exceedances of water quality standards were dissolved oxygen (DO) near the headwaters of the Partridge River (PM-2) and possibly aluminum just above Colby Lake (PM-4).  We do not have sufficient information to interpret either of these exceedances, but the DO exceedances are localized and are not found at other upstream or downstream locations.  In terms of aluminum, the surface water standard applies to dissolved aluminum, whereas the monitoring data reports total aluminum, so it is uncertain whether the aluminum standard is actually exceeded.

Table 4.1-21
Comparison of Historic and Recent Mean Water Quality Data for Selected Parameters at Common Monitoring Stations along the Partridge River

	
	
	
	S-4/PM-2
	CN126/PM-3
	CN123/PM-4

	General Parameter
	Units
	Stream Standard
	1970’s
	2000’s
	1970’s
	2000’s
	1970’s
	2000’s

	DO
	mg/L
	>5.0
	6.69
	4.95*
	9.1
	10.0
	--
	9.2

	Hardness
	mg/L
	250
	115
	75*
	117
	81
	85
	63

	pH
	s.u.
	6.5-9.0
	7.0
	6.8
	7.3
	7.4
	7.2
	7.8

	Sulfate
	mg/L
	--
	20.1
	7.9*
	18.9
	8.3
	18.9
	7.2

	Metals – Total
	
	
	
	
	
	
	
	

	Aluminum
	µg/L
	125
	44
	40*
	76
	54
	123
	276

	Arsenic
	µg/L
	53
	3.8
	1.1*
	3.2
	1.1
	0.8
	1.0*

	Cobalt
	µg/L
	5.0
	0.6
	0.1*
	0.5
	0.4
	0.6*
	0.7

	Copper
	µg/L
	9.31
	1.3
	1.1*
	1.3
	0.8
	2.4
	1.3

	Iron
	µg/L
	--
	1,085
	1,603*
	1,365
	1,711
	1,528
	1,997

	Lead
	µg/L
	3.21
	0.6
	0.2*
	0.8
	0.2
	0.7
	0.7

	Manganese
	µg/L
	--
	112
	168*
	153
	181
	160
	200

	Nickel
	µg/L
	521
	1.4
	0.4*
	1.5
	0.9
	1.0*
	1.5

	Zinc
	µg/L
	1201
	5.6
	3.0*
	4.4
	7.7
	2.0
	10.2


Source: RS76, Barr 2007

*
Based on less than five samples.

()
Water quality standard for this metal is hardness-dependent.  Listed value assumes a hardness concentration of 100 mg/L.

PolyMet (RS74A, Barr 2008) averaged available ambient water quality data to document existing conditions against which to evaluate impacts from the Project at several locations, as shown in Figure 4.1-11, along the Partridge River (Table 4.1-22).  

Table 4.1-22
Average Existing Water Quality Concentrations in the Partridge River1
	Parameter
	Units
	Stream Standard
	SW-001
	SW-002
	SW-003
	SW-004
	SW-005

	General
	
	
	
	
	
	
	

	Ammonia
	mg/L
	0.04
	0.05
	0.05
	0.05
	0.07
	0.08

	Calcium
	mg/L
	--
	24.5
	24.5
	20.7
	20.7
	18.6

	Chloride
	mg/L
	230
	1.6
	1.8
	10.5
	9.1
	6.2

	Fluoride
	mg/L
	--
	0.14
	0.11
	0.90
	0.90
	0.90

	Hardness
	mg/L
	500
	110
	112
	101
	93
	83

	Magnesium
	mg/L
	--
	10.5
	7.5
	9.0
	8.3
	7.5

	Potassium
	mg/L
	--
	2.7
	2.0
	2.0
	1.6
	1.0

	Sodium
	mg/L
	--
	4.8
	3.2
	3.8
	3.5
	2.9

	Sulfate
	mg/L
	--
	22.1
	6.3
	10.9
	10.0
	9.0

	Metals
	
	
	
	
	
	
	

	Aluminum
	µg/L
	125
	16.9
	45.9
	60.3
	71.3
	275.4

	Antimony2
	µg/L
	31
	1.5
	1.5
	1.5
	1.5
	1.5

	Arsenic
	µg/L
	53
	6.5
	1.0
	1.0
	1.0
	1.0

	Barium
	µg/L
	--
	5.0
	9.6
	10.0
	5.0
	8.8

	Beryllium
	µg/L
	--
	0.1
	0.1
	0.1
	0.1
	0.1

	Boron
	µg/L
	500
	96
	58.5
	66.1
	61.1
	37.2

	Cadmium
	µg/L
	2.53
	0.1
	0.1
	0.1
	0.1
	0.1

	Cobalt
	µg/L
	5.0
	0.5
	0.5
	0.5
	0.5
	0.8

	Copper
	µg/L
	9.33
	1.2
	0.5
	1.1
	2.1
	1.7

	Iron
	µg/L
	--
	30
	1,220
	1,630
	1,340
	1,990

	Lead
	µg/L
	3.23
	0.2
	0.3
	0.2
	0.2
	0.8

	Manganese
	µg/L
	--
	8.6
	140
	190
	130
	200

	Mercury
	ng/L
	1.3
	--
	1.914
	2.733
	3.380
	3.078

	Nickel
	µg/L
	523
	0.5
	0.8
	1.6
	1.9
	2.1

	Selenium
	µg/L
	5.0
	0.5
	0.5
	0.5
	0.5
	0.5

	Silver
	µg/L
	1.03
	0.1
	0.1
	0.1
	0.1
	0.1

	Thallium
	µg/L
	0.56
	0.3
	0.2
	0.2
	0.2
	0.2

	Vanadium4
	µg/L
	--
	4.3
	0.9
	0.9
	0.9
	0.9

	Zinc
	µg/L
	1203
	7.3
	10.1
	6.4
	19.2
	16.7


Source:  Table 5-3, RS74A, Barr 2008; and Table 2-6, RS 74A, Barr 2008.

1
Existing water quality was not measured at location SW-004A.

2
Antimony was not monitored in the Partridge River; groundwater value is assumed.

3
Water quality standard for this metal is hardness-dependent.  Listed value assumes a hardness concentration of 100 mg/L.  

4
Vanadium was not monitored in the Partridge River.  Value assumed from Hem (1992).

Colby Lake

Water quality in Colby Lake is affected by inflow from the upper Partridge River watershed, but also anthropomorphic effects from mine pit dewatering and overflows (e.g., Peter Mitchell Mine in the headwaters; Pits 2/2E/2W/3/5S via Wyman Creek), and two permitted discharges from Minnesota Power’s Laskin Energy Center (e.g., cooling water discharge and a clarified ash pond discharge), as well as pumping from Whitewater Reservoir during low flows.

Water quality data are available for Colby Lake from various sources from 1976 to 2008 (Barr 2009, External Memorandum: Colby Lake Water Quality Samples).  Based on the most recent monitoring data (November 2008), elevated aluminum, iron, and mercury concentrations were found (Table 4.1-23).  Single exceedances of manganese and thallium were also observed, although average concentrations met surface water quality standards.  Minnesota Power monitoring (2002-2003) found occasional exceedances of arsenic and copper.  Aluminum, iron, and manganese are all secondary MCLs and easily removed in treatment.  Colby Lake is on the Minnesota 303(d) TMDL list because of mercury concentrations in fish tissue.  A TMDL pollution reduction study has not yet been performed for Colby Lake to address this impairment.  

The monitoring data also indicate that Colby Lake stratifies weakly during the summer and fall months, but is generally isothermal during winter and spring.  Given the average chlorophyll-a (2.56 μg/L) and total phosphorus (27 μg/L) concentrations in the Colby Lake water column, along with the average Secchi disk depth of 4.2 feet, the lake can be considered to be mesotrophic (i.e., moderately productive).

Whitewater Reservoir

Whitewater Reservoir is on the Minnesota 303(d) list because of mercury concentrations in fish tissue.  Whitewater Reservoir was included in the Minnesota Statewide Mercury Total Maximum Daily Load study, which was approved by the USEPA on April 3, 2008.  The approved TMDL, including State-wide emission and wastewater discharge reduction measures, is believed to be adequate to bring Whitewater Reservoir back into compliance for mercury. 

The City of Hoyt Lakes Wastewater Treatment Plant (WWTP) discharges an annual average of 0.39 cfs of treated secondary effluent into Whitewater Reservoir (RS74A, Barr 2008; Figure 4.1-13).  The WWTP discharge most likely affects the water quality of Whitewater Reservoir by the addition of nutrients (e.g., phosphorus and nitrogen).

Very limited water quality data are available for Whitewater Reservoir from the USEPA and MPCA.  These data indicate that Whitewater Reservoir stratifies weakly during the summer and fall months, but is generally isothermal during winter and spring.  It appears that all constituents meet applicable water quality standards for Whitewater Reservoir, but little or no sampling has been done for metals.  Given the average chlorophyll-a (5.48 μg/L) and total phosphorus (33 μg/L) concentrations, along with the average Secchi disk depth of 9.5 ft, Whitewater Reservoir can be considered to be mesotrophic (i.e., moderately productive).

Table 4.1-23
Summary of Colby Lake Water Quality Data 
	Parameter
	Units
	Surface Water Evaluation Criteria
	C-N Study

(1976-1977)
	MPCA Data

(1976-2007)
	Minnesota Power Data

(2002-2003)
	Barr Data

(2008)

	
	
	
	# Samples
	Range
	# Samples
	Mean
	Range
	Detection
	Mean
	Range
	Detection
	Mean
	Range
	# Exceed.

	General
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Calcium
	mg/L
	--
	4
	11to 21
	14
	57.1
	21 to 104
	--
	--
	--
	5 of 5
	11.6
	9.0 to 15.4
	--

	Chloride
	mg/L
	230
	5
	6.3 to 9.4
	17
	6.1
	1.8 to 9.3
	--
	--
	--
	5 of 5
	2.2
	2.0 to 2.3
	0

	Fluoride
	µg/L
	--
	5
	0.1 to 0.7
	10
	0.3
	0.1 to 0.4
	--
	--
	--
	3 of 5
	108
	<100 to 140
	--

	Hardness
	mg/L
	500
	5
	41 to 83
	14
	91.2
	40 to 150
	--
	--
	--
	5 of 5
	54.8
	44.4 to 68.5
	0

	Magnesium
	mg/L
	--
	5
	3.2 to 7.3
	14
	34.1
	19 to 51
	12 of 12
	11.0
	4.4 to 17.5
	5 of 5
	6.3
	5.4 to 7.3
	--

	pH
	s.u.
	6.8-8.5
	17
	6.5 to 7.8
	109
	7.1
	6.3 to 8.8
	--
	--
	--
	5 of 5
	7.38
	7.1 to 7.69
	0

	Potassium
	mg/L
	--
	4
	1.3 to 1.5
	10
	1.7
	1.4 to 2.2
	--
	--
	--
	5 of 5
	760
	840 to 1,040
	--

	Sodium
	mg/L
	--
	4
	3.6 to 4.3
	10
	6.3
	4.7 to 8.0
	--
	--
	--
	5 of 5
	3,246
	2,900 to 3,480
	--

	Sulfate
	mg/L
	10
	15
	8.7 to 140
	14
	52.9
	8.7 to 140
	--
	--
	--
	5 of 5
	17.1
	10.1 to 31.7
	5

	Metals
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aluminum
	µg/L
	125
	5
	180 to 470
	10
	307
	180 to 610
	12 of 12
	264
	61 to 264
	5 of 5
	208
	179 to 243
	5

	Antimony
	µg/L
	31
	--
	--
	--
	--
	--
	0 of 3
	3
	<3
	0 of 5
	0.5
	<0.5
	0

	Arsenic
	µg/L
	53
	3
	0.4 to 2.1
	4
	1.4
	<0.5 to 2.1
	1 of 3
	1.4
	<2.0 to 2.3
	0 of 5
	2.0
	<2.0
	0

	Barium
	µg/L
	--
	--
	--
	--
	--
	--
	2 of 3
	15.7
	<10.0 to 29.1
	5 of 5
	6.9
	5.7 to 7.6
	--

	Beryllium
	µg/L
	--
	--
	--
	--
	--
	--
	0 of 3
	0.2
	<0.2
	0 of 5
	0.2
	<0.2
	--

	Boron
	µg/L
	500
	--
	--
	--
	--
	--
	3 of 3
	79
	54 to 100
	2 of 5
	57
	<50 to 72
	0

	Cadmium1
	µg/L
	2.5
	10
	0.02 to 0.2
	15
	0.05
	0.02 to 0.20
	0 of 3
	0.2
	<0.2
	0 of 5
	0.2
	<0.2
	0

	Cobalt
	µg/L
	5.0
	9
	<0.3 to 0.5
	6
	0.4
	<0.3 to 1.4
	2 of 12
	0.7
	<1.0 to 1.9
	4 of 5
	0.3
	<0.2 to 0.4
	0

	Copper1
	µg/L
	9.3
	12
	1.6 to 7.3
	15
	4.9
	1.6 to 8.0
	8 of 12
	8.3
	<5.0 to 14.5
	5 of 5
	2.4
	1.6 to 3.5
	0

	Iron
	µg/L
	--
	15
	190 to 2,300
	15
	836
	190 to 2,500
	3 of 3
	2,103
	650 to 3,030
	5 of 5
	1,142
	1,050 to 1,250
	--

	Lead1
	µg/L
	3.2
	12
	0.2 to 1.7
	14
	0.5
	0.2 to 0.9
	0 of 3
	1.0
	<1.0
	0 of 5
	0.5
	<0.5
	0

	Manganese
	µg/L
	--
	5
	50 to 90
	14
	282
	63 to 2,100
	3 of 3
	123
	30 to 280
	5 of 5
	44
	28 to 64
	--

	Mercury
	ng/L
	1.3
	10
	80 to 400
	9
	190
	<130 to 360
	--
	--
	--
	5 of 5
	5.4
	4.8 to 6.0
	5

	Nickel1
	µg/L
	52
	2
	--
	13
	2.7
	<1 to 9.0
	1 of 3
	3.4
	<5.0 to 5.3
	5 of 5
	2.5
	2.0 to 3.1
	0

	Selenium
	µg/L
	5.0
	--
	--
	2
	<0.8
	<0.8
	0 of 12
	2.0
	<2.0
	0 of 5
	1.0
	<1
	0

	Silver1
	µg/L
	1.0
	--
	--
	--
	--
	--
	0 of 2
	1.0
	<1.0
	0 of 5
	0.2
	<0.2
	0

	Thallium
	µg/L
	0.56
	--
	--
	--
	--
	--
	0 of 3
	2.0
	<2.0
	1 of 5
	0.41
	<0.40 to 0.46
	0

	Vanadium
	µg/L
	--
	--
	--
	--
	--
	--
	--
	--
	--
	0 of 5
	1.0
	<1.0
	--

	Zinc1
	µg/L
	120
	12
	1 to 35.3
	15
	6.9
	1.0 to 50
	2 of 3
	17.5
	<10.0 to 36.1
	0 of 5
	6.0
	<6.0
	0


Source:  Tables 1-7, Barr 2009, External Memorandum: Colby Lake Water Quality Samples.

1
Water quality standard for this metal is hardness-dependent.  Listed value assumes a hardness concentration of 100 mg/L, which approximates the hardness concentration in Colby Lake.  
Lower Partridge River Downstream of Colby Lake

Two seeps from the LTVSMC Tailings Basin (Seeps 32 and 33) drain to Second Creek, a tributary of the Partridge River downstream from Colby Lake (Figure 4.1-14).  Water quality monitoring from 2006 to 2008 as part of the NPDES Permit MN0042536 (SD026), as shown in Figure 4.1-14, shows these seeps in compliance with surface water standards (NTS 2009). Table 4.1-24 summarizes the surface water quality monitoring data for Station SD026.

Periodic dewatering discharges from Pits 6/9/9S drain to First Creek.  Seepage from Pit 6 has very high sulfate concentrations (>1,000 mg/L).  The average sulfate concentration where First and Second Creek join (Figure 4.1-1) is 475 mg/L.  This input of sulfate raises the sulfate concentration in the Partridge River from about 17 mg/L as it flows from Colby Lake to approximately 149 mg/L downstream of the confluence of  First and Second Creek.  

Table 4.1-24
Summary of Surface Water Quality Monitoring Data for Station SD026

	Constituent
	Units
	SD026

Surface Discharge
(Seeps 32 and 33)

	General Parameters
	
	Detection
	Mean
	Range
	

	Ammonia as Nitrogen
	mg/L
	--
	--
	--
	

	Calcium
	mg/L
	3 of 3
	80.7
	76.1 to 84.3
	

	Carbon, total organic
	mg/L
	--
	--
	--
	

	Chloride
	mg/L
	12 of 12
	14.8
	12.2 to 16.7
	

	Fluoride
	mg/L
	33 of 33
	3
	1.5 to 4.2
	

	Hardness
	mg/L
	21 of 21
	495
	175 to 780
	

	Nitrate as Nitrogen
	mg/L
	--
	--
	--
	

	pH
	s.u.
	55 of 55
	8.0
	7.0 to 8.5
	

	Sulfate
	mg/L
	12 of 12
	192
	149 to 216
	

	Metals – Total
	
	--
	--
	--
	

	Aluminum
	ug/L
	--
	--
	--
	

	Antimony
	ug/L
	--
	--
	--
	

	Arsenic
	ug/L
	--
	--
	--
	

	Barium
	ug/L
	--
	--
	--
	

	Beryllium
	ug/L
	--
	--
	--
	

	Boron
	ug/L
	31 of 31
	251
	158 to 304
	

	Cadmium
	ug/L
	--
	--
	--
	

	Cobalt
	ug/L
	0 of 12
	4.1
	<1 to <25
	

	Copper
	ug/L
	--
	--
	--
	

	Iron
	ug/L
	--
	--
	--
	

	Lead
	ug/L
	--
	--
	--
	

	Manganese
	ug/L
	31 of 31
	539
	110 to 1,520
	

	Mercury
	ng/L
	7 of 12
	1.0
	<0.5 to <4
	

	Mercury, Methyl
	ng/L
	
	
	
	

	Molybdenum
	ug/L
	12 of 12
	26.7
	14.2 to 38.6
	

	Nickel
	ug/L
	--
	--
	--
	

	Selenium
	ug/L
	--
	--
	--
	

	Silver
	ug/L
	--
	--
	--
	

	Thallium
	ug/L
	--
	--
	--
	

	Zinc
	ug/L
	--
	--
	--
	


Source: NTS 2009

Notes: mg/L = milligrams per liter, ug/L = micrograms per liter, ng/L = nanograms per liter, < = less than indicated reporting limit.

Embarrass River

The Embarrass River is not on the 303(d) list of impaired waters, however, several lakes downstream of the Project (referred to as the ‘chain of lakes’) through which the Embarrass River flows are listed for “mercury in fish tissue” impairment, including Sabin, Wynne, Embarrass, and Esquagama Lake (Figure 4.1-1).  Further downstream, segments of the St. Louis River are also listed for “mercury in fish tissue” impairment.  These lakes and the St. Louis River are not covered by the Statewide Mercury TMDL, but are impaired waters and are still in need of a TMDL pollution reduction study.

Water quality data (ranging from 1955 to 2006) are available for various parameters at three locations along the Embarrass River (Table 4.1-25).  As was the case along the Partridge River, these data do not allow a detailed assessment of water quality trends, seasonal effects, or relationship to flow, but collectively can be used to generally characterize water quality in the watershed and draw some comparisons with surface water standards.  Limited water quality data are also available for four surface discharge sites and one stream draining from the LTVSMC Tailings Basin.

Table 4.1-25
Available Surface Water Quality Monitoring Data in the Embarrass River Watershed (Figure 4.1-1)

	Sample Location
	Source
	Sampling Period

	Main Stem Embarrass River
	
	

	PM-12 / CN121 / SW-004
	PolyMet / C-N Study / Cliffs Erie
	1976, 2001-2005, 2004, 2006

	CN120
	USGS/C-N Study
	1955-1963, 1976-1977

	PM-13 / SW-005
	PolyMet / Cliffs Erie
	2001-2005, 2004, 2006

	Tailings Basin
	
	

	PM-8 (SD006)
	PolyMet
	2004, 2006

	PM-9 (SD001)
	PolyMet
	2004, 2006

	PM-10 (SD002)
	PolyMet
	2004, 2006

	PM-11
	PolyMet
	2004, 2006


Source: RS76, Barr 2007

C-N Study – Regional Copper-Nickel Study (Siegel and Ericson 1980)

The Regional Copper-Nickel Study 1980 considered monitoring station CN121 (same station as PM-12) to represent “undisturbed” conditions.  Under current conditions, it receives stormwater runoff and wastewater treatment plant discharges (0.33 cfs of predominantly domestic wastewater) from the city of Babbitt, but is otherwise unaffected by mining or other development.  Table 4.1-26 compares 1976 data from the Copper-Nickel Study with recent data from PolyMet for monitoring station CN121 / PM-12.  The data show that water quality at this monitoring station meets surface water quality standards.  Most of the measured parameters exhibit relatively little change over the 30 year period, although iron and zinc concentrations appear to be increasing, while copper and manganese concentrations appear to be decreasing over time.

Table 4.1-26
Comparison of Historic and Recent Mean Water Quality Data for Selected Parameters at PM-12 on the Embarrass River

	General Parameter
	Units
	Stream Standard
	1976
	2004-2006

	DO
	mg/L
	>5.0
	5.9
	7.4

	Hardness
	mg/L
	500
	503
	56

	pH
	s.u.
	6.5-8.5
	6.9
	7.3

	Sulfate
	mg/L
	-- 1
	6.1
	4.7

	Metals - Total
	
	
	
	

	Aluminum
	µg/L
	125
	127
	99

	Arsenic
	µg/L
	53
	0.9
	1.02

	Cobalt
	µg/L
	5
	2.33
	0.5

	Copper
	µg/L
	5.22
	0.93
	1.1

	Iron
	µg/L
	--
	1,121
	1,714

	Lead
	µg/L
	1.32
	0.2
	0.2

	Manganese
	µg/L
	--
	234
	163

	Nickel
	µg/L
	292
	1.03
	1.4

	Zinc
	µg/L
	672
	1.13
	9.5


Source: RS76, Barr 2007

1
Sulfate standard of 10 mg/L applies if designated wild rice waters are present

2
Water quality standard for this metal is hardness-dependent.  Listed value assumes a hardness concentration of 50 mg/L. 

3
Based on less than 5 samples

Barr (RS74B, 2008) averaged available ambient water quality data against which to evaluate impacts from the Project at two locations (PM12 and PM13), as shown in Figure 4.1-1, along the Embarrass River (Table 4.1-27).

Pit 5N (Figure 1.1-2), which drains to the Embarrass River between monitoring station PM-12 and PM-13, is completely flooded and has been overflowing since 2001 with an annual average flow of 1.99 cfs to the Embarrass River via Spring Mine Creek.  This discharge contributes significant sulfate concentrations (average of 1,046 mg/L) (Barr 2008, Plant Site Groundwater Impacts Predictions).  

The LTVSMC Tailings Basin contributes both groundwater and surface water seepage that ultimately reaches the Embarrass River between monitoring stations PM-12 and PM-13.  As discussed above (see Table 4.1-18 and Figure 4.1-14), the LTVSMC Tailings Basin had at least 33 locations where tailings water was seeping through the embankment to surface waters.  Several of these seeps are monitored for water quality pursuant to NPDES/SDS permit MN0054089 (Table 4.1-28).  The monitoring data indicate that these seeps generally meet surface water quality standards other than for mercury at several stations, although the mercury concentrations are well below those found in local precipitation (approximately 10 µg/L).  Sulfate concentrations were relatively high (e.g. averaging 280 mg/L at SD004).

The effects of the Pit 5NW discharge as well as potential surface and groundwater contaminant loadings from the LTVSMC Tailings Basin are reflected in the water quality at the downstream monitoring station PM-13 (Table 4.1-27).  Significantly higher concentrations for several parameters, especially aluminum and sulfate are found at PM-13.  It is unclear whether any wild rice waters subject to the 10 mg/L standard are present.

Table 4.1-27
Average Existing Water Quality in the Embarrass River

	Parameter
	Units
	Stream Standard
	PM-12
	PM-13

	General
	
	
	
	

	Calcium
	mg/L
	--
	13.4
	19.9

	Chloride
	mg/L
	230
	4.5
	7.0

	Fluoride
	mg/L
	--
	0.1
	0.4

	Hardness
	mg/L
	500
	62
	144

	Potassium
	mg/L
	--
	0.8
	2.3

	Sodium
	mg/L
	--
	3
	12.7

	Sulfate
	mg/L
	--1
	4.6
	36.1

	Metals
	
	
	
	

	Aluminum
	µg/L
	125
	98
	192

	Antimony
	µg/L
	31
	1.5
	1.5

	Arsenic
	µg/L
	53
	1.0
	1.0

	Barium
	µg/L
	--
	15.5
	27.8

	Beryllium
	µg/L
	4.0
	0.1
	0.1

	Boron
	µg/L
	500
	18
	44

	Cadmium
	µg/L
	2.52
	0.1
	0.1

	Cobalt
	µg/L
	5.0
	0.6
	0.5

	Copper
	µg/L
	9.32
	1.5
	2.0

	Iron
	µg/L
	--
	1,720
	1,290

	Lead
	µg/L
	3.22
	0.15
	0.27

	Manganese
	µg/L
	--
	160
	110

	Mercury
	ng/L
	1.3
	4.3
	3.8

	Nickel
	µg/L
	522
	1.9
	2.1

	Selenium
	µg/L
	5.0
	0.5
	0.5

	Silver
	µg/L
	1.02
	0.1
	0.1

	Thallium
	µg/L
	0.56
	0.2
	0.2

	Zinc
	µg/L
	1202
	18.3
	12.3


Source:  RS74B, Barr 2008.

1
Sulfate standard of 10 mg/L applies if designated wild rice waters are present.

2
Water quality standard for this metal is hardness-dependent.  Listed value assumes a concentration of 100 mg/L.

Table 4.1-28
Summary of Surface Water Quality Monitoring Data for the Tailings Basin 

	Constituent
	Units
	Surface Water Evaluation Criteria
	PM-8 (SD006)

Surface Discharge
	PM-9 (SD001)

Surface Discharge
	PM-10 (SD002)

Surface Discharge
	PM-11

Surface  Discharge

	General Parameters
	
	Detection
	Mean
	Range
	# Exceed.
	Detection
	Mean
	Range
	# Exceed.
	Detection
	Mean
	Range
	# Exceed.
	Detection
	Mean
	Range
	# Exceed.

	Ammonia as Nitrogen
	mg/L
	--
	0 of 4
	0.1
	<0.1
	0
	0 of 4
	0.1
	<0.1
	0
	0 of 4
	0.1
	<0.1
	0
	0 of 4
	0.1
	<0.1
	0

	Calcium
	mg/L
	--
	47 of 47
	42.4
	9.2 to 73.9
	--
	124 of 124
	53.9
	33.0 to 98.9
	--
	132 of 132
	66.4
	17.5 to 92.4
	--
	9 of 9
	32.6
	19.0 to 39.9
	--

	Carbon, total organic
	mg/L
	--
	8 of 8
	5.4
	2.6 to 6.9
	--
	8 of 8
	8.4
	1.7 to 18.5
	--
	15 of 15
	7.5
	5.2 to 9.4
	--
	7 of 7
	11.1
	7.4 to 15.4
	--

	Chloride
	mg/L
	230
	19 of 19
	20.3
	3.1 to 30
	0
	122 of 122
	28.1
	12.6 to 66.5
	0
	130 of 130
	27.7
	7.2 to 33.6
	0
	9 of 9
	17.3
	9.5 to 25.4
	0

	Fluoride
	mg/L
	--
	42 of 42
	2.9
	1.0 to 5.8
	--
	128 of 128
	2.4
	0.6 to 5.8
	--
	136 of 136
	2.3
	0.5 to 4.8
	--
	9 of 9
	1.5
	0.8 to 2.2
	--

	Hardness
	mg/L
	500
	36 of 36
	431.28
	230 to 721
	9
	41 of 41
	452.07
	268 to 818
	11
	48 of 48
	438.13
	327 to 649
	7
	1 of 1
	308
	308
	0

	Nitrate as Nitrogen
	mg/L
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	pH
	s.u.
	6.5 – 8.5
	81 of 81
	7.9
	6.8 to 8.7
	1
	130 of 130
	7.8
	6.4 to 8.8
	7
	136 to 136
	16.7
	6.4 to 8.9
	5
	9 of 9
	7.9
	7.6 to 8.3
	0

	Sulfate
	mg/L
	--2
	61 of 61
	161
	27.1 to 312
	0
	125 of 125
	159
	56.8 to 344
	0
	133 of 133
	182
	8.1 to 473
	0
	9 of 9
	88
	45.5 to 147
	0

	Metals – Total
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Aluminum
	ug/L
	125
	3 of 5
	25.7
	<10 to 40.7
	0
	4 of 5
	29.9
	<25 to 48.4
	0
	4 of 12
	39.6
	<10 to 230
	1
	4 of 4
	41.0
	21.7 to 72.7
	0

	Antimony
	ug/L
	31
	0 of 5
	3
	<3
	0
	0 of 5
	3
	<3
	0
	0 of 5
	3
	<3
	0
	0 of 4
	3
	<3
	0

	Arsenic
	ug/L
	53
	5 of 12
	3.0
	<2 to 7.2
	0
	1 of 12
	2.1
	<2 to 2.7
	0
	2 of 12
	2.1
	<2 to 2.7
	0
	0 of 4
	2.0
	<2
	0

	Barium
	ug/L
	--
	15 of 15
	25.6
	11 to 76.4
	--
	15 of 15
	41.6
	18.3 to 140
	--
	22 of 22
	86.7
	39.5 to 148
	--
	7 of 7
	24.2
	13.4 to 34.6
	--

	Beryllium
	ug/L
	--
	0 of 5
	1.64
	<0.2 to <2
	--
	0 of 5
	1.64
	<0.2 to <2
	--
	0 of 5
	1.64
	<0.2 to <2
	--
	0 of 4
	2
	<2
	--

	Boron
	ug/L
	500
	37 of 37
	351
	164 to 483
	0
	127 of 127
	337
	115 to 452
	0
	135 of 135
	379
	85 to 517
	3
	4 of 4
	214
	129 to 307
	0

	Cadmium
	ug/L
	2.53
	0 of 5
	1.6
	<0.2 to <2
	0
	0 of 5
	1.6
	<0.2 to <2
	0
	0 of 5
	1.6
	<0.2 to <2
	0
	0 of 4
	2
	<2
	0

	Chromium
	ug/L
	--
	4 of 5
	1.3
	<1 to 2
	--
	4 of 5
	1.7
	<1 to 4.1
	0
	4 of 5
	2.1
	<1 to 5.9
	--
	3 of 4
	1.2
	<1 to 1.5
	--

	Cobalt
	ug/L
	5.0
	4 of 43
	1.2
	<1 to <2.5
	0
	3 of 81
	1.1
	<1 to 4.9
	0
	7 of 82
	1.3
	<1 to 16.8
	1
	0 of 4
	1
	<1
	0

	Copper
	ug/L
	9.33
	5 of 32
	2.1
	<0.7 to 5.4
	0
	19 of 84
	2.5
	<0.7 to 12
	1
	16 of 92
	2.3
	<1 to 24.2
	1
	4 of 9
	2.7
	<0.7 to 1.6
	0

	Iron
	ug/L
	--
	23 of 23
	410
	<30 to 4,500
	--
	18 of 19
	673
	<30 to 5,100
	--
	23 of 25
	501
	<30 to 4,020
	--
	4 of 4
	405
	220 to 590
	--

	Lead
	ug/L
	3.23
	9 of 10
	0.7
	<0.3 to <1
	0
	9 of 10
	0.7
	<0.3 to <1
	0
	10 of 10
	1.3
	<0.3 to 7.1
	1
	9 of 9
	0.6
	<0.3 to <1
	0

	Manganese
	ug/L
	--
	40 of 40
	3,039
	70 to 110,000
	--
	95 of 98
	631
	<10 to 50,000
	--
	93 of 93
	100,192
	20 to 2,950,000
	--
	7 of 7
	16,921
	40 to 118,000
	--

	Mercury
	ng/L
	1.3
	17 of 28
	2.6
	<0.5 to <10
	111
	16 of 28
	3.1
	<0.5 to <10
	101
	22 of 35
	3.6
	<2 to <10
	131
	4 of 9
	5.5
	<4 to <10
	41

	Mercury, Methyl
	ng/L
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Molybdenum
	ug/L
	--
	12 of 12
	50.5
	13.9 to 81.6
	--
	110 of 112
	43.2
	<5 to 96.8
	--
	119 of 121
	21.5
	<5 to 47.6
	--
	7 of 7
	21.3
	15.8 to 29.3
	--

	Nickel
	ug/L
	523
	3 of 27
	2.5
	<2 to <5
	0
	3 of 64
	2.3
	<2 to <5
	0
	11 of 72
	2.3
	<2 to 5.9
	0
	0 of 4
	5
	<5
	0

	Selenium
	ug/L
	5.0
	0 of 10
	2.5
	<1.0 to <3.6
	0
	0 of 10
	2.5
	<1.0 to <3.6
	0
	0 of 10
	2.5
	<1.0 to <3.6
	0
	0 of 9
	2.6
	<1.0 to <3.6
	0

	Silver
	ug/L
	1.03
	0 of 10
	0.6
	<0.2 to <1
	0
	0 of 10
	0.6
	<0.2 to <1
	0
	0 of 10
	0.6
	<0.2 to <1
	0
	0 of 9
	0.6
	<0.2 to <1
	0

	Thallium
	ug/L
	0.56
	0 of 10
	1.2
	<0.4 to <2
	01
	0 of 10
	1.2
	<0.4 to <2
	01
	0 of 10
	2.7
	<0.4 to <2
	01
	0 of 9
	1.1
	<0.4 to <2
	01

	Zinc
	ug/L
	1203
	2 of 27
	13.6
	<10 to <25
	0
	2 of 12
	10.3
	<10 to 12.7
	0
	3 of 19
	16.2
	<10 to 32.5
	0
	0 of 4
	10.0
	<10
	0


Source:  RS76, Barr 2007

1 
Minimum detection limit exceeds evaluation criteria.  

2 
Sulfate standard of 10 mg/L applies if designated wild rice waters are present.

3 
Water Quality standard for this metal is hardness-dependent.  Listed value assumes a hardness concentration of 100 mg/L.

Mercury in Water

There is relatively little monitoring data for mercury in the Partridge River.  PolyMet estimates that current total mercury concentrations average about 3 ng/L in the Upper Partridge River (RS74A, Barr 2008) and between 4.8 and 6.0 ng/L in Colby Lake, based on limited sampling.  Total mercury concentrations are similar in the Embarrass River, averaging 5.1 ng/L at monitoring station PM-12 and 4.5 ng/L at monitoring station PM-13 over the past two years.  Methylmercury concentrations in the Embarrass River average 0.6 ng/L at PM-12 and 0.4 ng/L at PM-13 over the same period.

Mercury monitoring has occurred at the LTVSMC Tailings Basin and along the Embarrass River, which generally found mercury concentrations consistent with background levels (Table 4.1-29), generally averaging <2.0 ng/L.  All samples were well below average concentrations in precipitation (~10 ng/L).  MnDNR (Berndt 2003) found that taconite tailings appear to be a sink for mercury in full-scale actual tailings basins in Northern Minnesota, as evidenced by lower mercury concentrations in tailings basin seepage (specifically at U.S. Steel’s Mintac Mine and Northshore Mining’s Peter Mitchell Mine) than in either precipitation input or pond water in the tailings basin.  This finding is supported by surface water monitoring around the LTVSMC Tailings Basin, which found mercury concentrations consistent with background levels (Table 4.1-29), generally averaging <2.0 ng/L.  All samples were less than average concentrations in precipitation, so most mercury appears to be sequestered in the LTVSMC tailings.

Table 4.1-29
Summary of Total Mercury Concentrations at the Tailings Basin

	
	
	Mercury Concentrations

	Location*
	Dates
	# of Detections
	Mean

(ng/L)
	Range

(ng/L)
	# exceeding

1.3 ng/L1
	# exceeding

10 ng/L2

	LTVSMC Tailings Basin Surface Water Seepage
	
	
	

	SD001
	2001-2006
	12 of 65
	1.8
	0.7 – 4.1
	6
	0

	SD002
	2001-2006
	14 of 66
	1.4
	0.6 – 2.3
	7
	0

	SD004
	2001-2006
	8 of 15
	1.9
	0.7 – 4.5
	3
	0

	SD005
	2001-2004
	2 of 18
	1.6
	1.2 – 2.0
	1
	0

	SD006
	2001-2006
	13 of 17
	1.7
	0.5 – 4.6
	7
	0

	WS013
	2001-2005
	7 of 29
	2.1
	0.9 – 6.3
	2
	0

	Cell 1E
	2001-2003
	2 of 24
	1.0
	0.9 – 1.0
	0
	0

	Cell 2E
	2001-2003
	3 of 20
	1.8
	0.7 – 3.6
	1
	0

	Cell 2W
	2001
	0 of 8
	<0.2
	NA
	0
	0

	Emergency Basin
	2001-2005
	11 of 40
	1.8
	0.7 – 4.2
	5
	0

	West Seep
	2001-2003
	1 of 17
	0.8
	0.8
	0
	0

	Embarrass River
	
	
	
	
	

	SW003
	2002-2005
	7 of 10
	2.4
	0.8 – 4.3
	6
	0

	SW004
	2001
	0 of 8
	<0.2
	<0.2
	0
	0

	Wetlands
	
	
	
	
	
	

	Wetland 003
	2002-2005
	7 of 12
	2.4
	1.2 – 4.4
	6
	0

	Wetland North
	2002-2005
	8 of 11
	4.2
	2.9 – 6.7
	8
	0


Source: Table 4, RS63, Barr 2007; RS64, Barr 2006; Table 8-9, RS74B, Barr 2008.

*
Figure 4.1-1

1
Minnesota Class 2B Lake Superior standard for mercury.

2
Estimated average total mercury concentration in Northern Minnesota (Berndt 2003; NCDC 2008).

Surface Water Use

In terms of surface water withdrawals, the city of Hoyt Lakes uses Colby Lake as its potable water source and Minnesota Power uses Colby Lake as a source of cooling water for its Laskin Power Plant (see Table 4.1-14).  Cliffs Erie still holds a valid permit to withdraw make-up water from Colby Lake, but no withdrawals have occurred since the plant closed in 2001.  There are no significant surface water withdrawals or Water Appropriation Permits issued for the Embarrass River in the Project area. 

4.1.2
Impact Criteria 

In general, water resource impact criteria are defined as changes in the existing physical-chemical-biological environment and focuses on protecting over-all stream health.  

4.1.2.1
Hydrologic Alteration of Streams, Lakes and Aquifers Impact Criteria

Water resource impact criteria include a comparison of proposed hydrologic changes with historic hydrologic alteration from permitted mining practices, an assessment of present and predicted channel stability, and review of any appropriate physical or biological stream data.  Impact criteria for stream flows in the Partridge and Embarrass river watersheds and changes in lake or reservoir levels in the Project area are those developed by Richter and others (1996; 1998) related to alteration of hydrology.  The main parameters recommended for this “range of variability” approach include:

· Annual mean daily flow by month;

· Annual maximum 1-day, 3-day, 7-day, 30-day and 90-day flows;

· Annual minimum 1-day, 3-day, 7-day, 30-day and 90-day flows;

· Number of high pulses - the number of times per year the mean daily flow increases above the 75th percentile of all simulated mean daily flows;

· Number of low pulses - the number of times per year the mean daily flow falls below the 25th percentile of all simulated mean daily flows;

· Duration of high pulses - the number of days per year with mean flows above the 75th percentile of all simulated daily mean flows;

· Duration of low pulses - the number of days per year with mean flows below the 25th percentile of all simulated daily mean flows;

· Mean duration of high pulses - the ratio of duration of high pulses to number of high pulses;

· Mean duration of low pulses - the ratio of duration of low pulses to number of low pulses; and

· Annual mean, maximum and minimum lake level changes in Colby Lake and Whitewater Reservoir.

It is the tribal cooperating agencies’ position that there is no mechanism to accurately develop the data listed above. Field data collection is spotty or non-existent and the numbers used in this DEIS are derived from the MODFLOW groundwater model and XP-SWMM model. It is important to note that the MODFLOW model was developed to assess the rates of mine pit inflow and as such, the results it gives for areas outside the mine pit footprint are unsupported by data. The XP-SWMM is based on stream gage data that is 17 miles and 20 years distant from the proposed project. Therefore, the above listed parameters calculated for the Partridge River have little data to support them.
The deviation from existing conditions, based on modeling, in the mean values of the hydrologic parameters help determine the degree of impact to stream ecology. 

There are currently no impact criteria for change in groundwater levels.  It is recognized that groundwater drawdown surrounding the Mine Site in the Partridge River watershed, and groundwater level increase north of the Tailings Basin in the Embarrass River watershed, may potentially affect surface water flows and wetlands (Section 4.2).  

4.1.2.2
Water Quality Impact Criteria

Impact criteria for water quality rely on Minnesota water classifications for surface and groundwater.  Surface water quality standards are ‘in-stream’ standards applicable at the surface water in question, which include the Partridge River and its tributaries at the Mine Site and the Embarrass River and its tributaries at the Plant Site.  Groundwater quality standards are USEPA primary and secondary drinking water standards and MDH Health Risk Limits, which apply to ‘in-situ’ groundwater.  The approach used in this EIS compares predicted water quality with appropriate Minnesota surface or groundwater quality standards; and with existing conditions as determined by recent water quality monitoring.  In groundwater, however, emphasis is placed on exceedances of USEPA primary MCLs and MDH Health Risk Limits, rather than on the USEPA secondary MCLs.  These secondary MCLs were established only as guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor.  These contaminants are not considered to present a risk to human health.  

If numeric standards are not available for selected water quality constituents, a narrative standard is used, such as Minnesota Rules, part 7050.0150, subpart 3:

Narrative Standards.  For all Class 2 waters the aquatic habitat, which includes the waters of the state and stream bed, shall not be degraded in any material manner, there shall be no material increase in undesirable slime growths or aquatic plants, including algae, nor shall there be any significant increase in harmful pesticide or other residues in the waters, sediments, and aquatic flora and fauna; the normal fishery and lower aquatic biota upon which it is dependent and the use thereof shall not be seriously impaired or endangered, the species composition shall not be altered materially, and the propagation or migration of the fish and other biota normally present shall not be prevented or hindered by the discharge of any sewage, industrial waste, or other wastes to the waters.

Also, Minnesota Rules, part 7050.0210, subpart 2 has the following: 

General Standard for Waters of the State:  Nuisance conditions prohibited.  No sewage, industrial waste, or other wastes shall be discharged from either point or nonpoint sources into any waters of the state so as to cause any nuisance conditions, such as the presence of significant amounts of floating solids, scum, visible oil film, excessive suspended solids, material discoloration, obnoxious odors, gas ebullition, deleterious sludge deposits, undesirable slimes or fungus growths, aquatic habitat degradation, excessive growths of aquatic plants, or other offensive or harmful effects.

4.1.2.3
Mercury Impact Criteria

A numeric standard, a fish consumption advisory, and a narrative standard are used to describe the impact criteria for mercury in the environment.  Each of these three mercury impact criteria are presented below (MPCA 2007).
Mercury Numeric Water Quality Standard 

Mercury numeric standards are based on total (particulate plus dissolved) concentrations.  For the Lake Superior Basin, in which the Project is located, the numeric chronic standard for the water column protective of aquatic organisms and recreation is 1.3 ng/L.  There is a relationship, as yet poorly known, between sulfate concentration and the conversion of inorganic mercury by sulfate reducing bacteria into methylmercury, which is the form of mercury that is the most toxic and can bioaccumulate in fish and humans.  Currently, neither a methylmercury nor sulfate numeric water quality standard for surface water exists in Minnesota.  Until a surface water methylmercury standard is implemented, Minnesota is using fish consumption advisories and/or narrative standards for mercury.  In addition, MPCA (2006) developed a Strategy to Address Indirect Effects of Elevated Sulfate on Methylmercury Production and Phosphorus Availability, which identifies policies and review procedures for evaluating the potential of proposed projects to produce methylmercury.  This strategy includes recommendations to avoid or minimize the discharge of water with elevated sulfate concentrations to methylmercury “high risk” situations.

Fish Consumption Advisory 

Minnesota’s target maximum level for mercury in fish tissue is 0.2 mg/kg, which is lower than the USEPA criterion of 0.3 mg/kg (wet weight, per USEPA criteria) to adjust for the higher per capita consumption of wild-caught fish in Minnesota (Table 4.1-30).  This criterion uses a conservative assumption that all fish tissue mercury is in the methylmercury form (e.g., the mercury species with the highest human health risk).  This concentration allows for one meal per week of wild-caught, top predator fish (e.g., trout, bass, walleye) in Minnesota. 

Table 4.1-30
Mercury Fish Consumption Advisory (MFCA) Concentrations

	
	Mercury Concentration in Fish (mg/kg, wet weight)

	MFCA for Mercury
	<0.05
	0.05 – 0.2
	>0.2 – 1.0
	>1.0

	Consumption Advice 1
	Unlimited
	1 meal/week
	1 meal /month
	Do not Eat


Source:  Minnesota Rules 7050.0150

1
Consumption advice for young children and women of child-bearing age.

Narrative Standards 

The basis for assessing mercury contamination in fish tissue is the narrative water quality standards and assessment factors in Minnesota Rules, part 7050.0150, subpart 7, which addresses the impairment of water relating to fish for human consumption: 

“In evaluating whether the narrative standards in subpart 3, which prevent harmful pesticide or other residues in aquatic flora or fauna, are being met, the commissioner will use the residue levels in fish muscle tissue established by the Minnesota Department of Health to identify surface waters supporting fish for which the Minnesota Department of Health recommends a reduced frequency of fish consumption for the protection of public health.  A water body will be considered impaired when the recommended consumption frequency is less than one meal per week, such as one meal per month, for any member of the population.  That is, a water body will not be considered impaired if the recommended consumption frequency is one meal per week, or any less restrictive recommendation such as two meals per week, for all members of the population.  The impaired condition must be supported with measured data on the contaminant levels in the indigenous fish.”

4.1.3
Environmental Consequences

The mining, ore processing, and tailings disposal operations associated with the Project may cause changes to the quantity and quality of ground and surface water in the Project area.  In order to evaluate these effects, both ground and surface water modeling using deterministic simulations were conducted for a complete set of applicable water quality parameters.  This technique uses single values for input variables to produce a single set of results.  

In some cases, especially where there was a high degree of uncertainty regarding key input assumptions to the deterministic models, probabilistic simulations, or Uncertainty Analysis, was also used to test the sensitivity of the input variables or to “double check” the results of the deterministic models.  Uncertainty Analysis applies probability distributions around input variables (based on professional judgment and literature values that were approved by the resource agencies) to estimate a range of predicted water quality values, as opposed to the single value predictions from the deterministic simulations.  The Uncertainty Analysis was conducted using Monte Carlo simulations, which uses random number generators and a large number of model runs (>1,000) to simulate virtually all possible combinations of input parameter values and their associated likelihood of occurrence.  The Uncertainty Analysis was not applied to all water quality parameters, but only to a subset of parameters determined to be the most critical by the resource agencies. 

Tribal cooperating agencies take the position that the contaminant modeling for the project has not been adequately vetted and consequently produces results that are illogical. For example, the contaminant modeling for the tailings basins (RS74B and TB-14) proposes that adding PolyMet tailings to the existing LTVSMC tailings will improve the quality of seepage coming from the basins for some parameters. 

The assumption (TB-14 of July 2, 2009, page 9) that PolyMet seepage water from the basins will be of better quality than the current seepage water results in an unexpected modeling result. The modeling proposes that the more PolyMet seepage that PolyMet releases from the basins, the better the water quality will be for Al, Mn and Fe in the Embarrass River (see Tables in TB-15 of June 24, 2009). It appears that the modeling at the basins does not appropriately account for leaching from the LTVSMC tailings when predicting future seepage quality.
Potential water quality impacts from the transportation, storage and use of hazardous substances are addressed in the Hazardous Materials section of this EIS (Section 4.12).

4.1.3.1
Proposed Action
Project Water Budget Overview

The Mine Site would generate process water from four sources: groundwater entering the mine pits, direct precipitation into the Mine Pits, infiltration through or runoff from the rock stockpiles, and runoff from other site operations (e.g., ore rail transfer hopper, mine service roads).  The quantity of process water generated from these sources would vary greatly on an annual basis (Figure 4.1-15). All process water would be treated at the WWTF, but would not be directly discharged to surface waters.  Instead, treated process water would either be pumped to the Tailings Basin or to the East Pit.  A brief overview of the Project water budget is provided below by mine phase.  

Operations (Years 1 to 20)

During Years 1 to 11, PolyMet would collect process water (e.g., stockpile liner water, pit water, drainage from ore handling areas) from the Mine Site, route it to the on-site WWTF for treatment, and then pump the treated water via the CPS to the Tailings Basin for reuse at the Plant Site (Figure 4.1-16).  This process water represents a reduction in surface water drainage and groundwater seepage to the Partridge River.  The process water would seep from the Tailings Basin with surface seeps being collected and pumped back to the Tailings Basin, while groundwater seepage would flow toward the Embarrass River.  Make-up water would be withdrawn from Colby Lake.  Stormwater (i.e., any water that has not contacted waste rock or ore) would be collected, routed through sedimentation ponds, and discharged to natural water courses.

Starting in Year 12, when mining in the East Pit would be completed, process water from the Mine Site would still be collected and routed to the WWTF, but the treated process water from the WWTF would then be pumped to aid in filling the East Pit, or could continue to be routed to the Tailings Basin, depending on the water level in the East Pit (Figure 4.1-17).  Make-up process water would continue to be withdrawn from Colby Lake, and stormwater would continue to be collected, routed through sedimentation ponds, and discharged to natural water courses. 
Closure (Years 20 to ~65)

Mining would end in approximately Year 20 and all mine dewatering activities would cease (Figure 4.1-18).  Water withdrawals from Colby Lake would no longer be needed.  All process water would be pumped to the East Pit; water would no longer be pumped to the Tailings Basin.  Flooding and backfilling of the East Pit is expected to be completed by Year 20, after which a wetland would be constructed to further treat process water.  At this time, a limited amount of process water from the Mine Site (long term flow after Year 30 estimated at 108 gpm) would still be generated (e.g., collected stockpile leachate), routed to the WWTF, treated, and pumped to the East Pit, where it would flow through a passive wetland treatment system before draining to, and helping to fill, the West Pit.  

The generation and disposal of tailings in the Tailings Basin would end in Year 20, but PolyMet proposes to retain a permanent pool of water, primarily sourced from precipitation, over a portion of the Tailings Basin for water quality purposes.  Hydrometallurgical Residue Cell seepage, which previously was being reused at the Plant Site, would be pumped to the WWTF for treatment until approximately Year 34, when the seepage is expected to end. It is the tribal cooperating agencies’ position that this 34 year timeframe is unlikely to be correct. Because all cap and liner systems leak, some pumping of water that enters the hydrometallurgical residue cells would be needed in perpetuity. This would be particularly true as the cap ages and develops additional leaks. 

Post-Closure (After Year ~65)

The Post-Closure period is considered to begin once the West Pit fills and begins to overflow and drain to the Partridge River, which is estimated to occur around Year 65 (Figure 4.1-19).  The West Pit overflow represents the only true surface discharge of water from the Project and would not occur until several decades after mining ceases.  PolyMet would continue to collect and treat leachate from the permanent waste rock stockpiles at the WWTF until monitoring shows that treatment is no longer necessary to meet water quality standards.  Tribal cooperators note that stockpile leachate is predicted to not meet water quality standards for thousands of years (Table 4.1-41).

The only hydrologic input to the Tailings Basin would be precipitation.  The volume of seepage from the Tailings Basin is expected to decrease slowly over time, but, with no proposed dry cap, long-term seepage would be expected.  It is the tribal cooperating agencies’ position that water quality and hydrologic impacts to wetlands and the Embarrass River under this proposed alternative would be perpetual.

Groundwater Resources

This section discusses the effects of the Proposed Action on groundwater levels and quality at both the Mine and Plant (Tailings Basin) sites.

Effects on Groundwater Levels

Evaluation Methodology

PolyMet developed groundwater flow models using conventional porous media modeling (MODFLOW, McDonald and Harbaugh 1988; Harbaugh et al. 2000).  These models were constructed chiefly to assess operational conditions, specifically dewatering of the proposed mine pits, with the intent of estimating the range of inflow to the pits for water balance purposes and water quality modeling, and determining groundwater mounding and internal flow characteristics at the Tailings Basin.  Table 4.1-31 summarizes the assumptions and input for the three different MODFLOW models developed for the Project (i.e., Regional Model, Mine Site Model, Tailings Basin Model).

Table 4.1-31
MODFLOW Model Assumptions/Inputs

	Regional Model (Appendix B, RS22, Draft 03, Barr 2008)

	
	●
Horizontal Scale - Approximately 1,000 mi2 encompasses area surrounding both Mine Site and Tailings Basin

	
	●
Vertical Descritization - single layer

	
	●
Bottom elevations – 640 ft msl

	
	●
Grid – uniform 500 meter spacing

	
	●
Hydraulic Conductivity

	
	
	○
Duluth Complex
	0.0014 ft/day
	

	
	
	○
Virginia Formation
	0.33 ft/day
	

	
	
	○
Biwabik Iron Formation
	0.72 ft/day
	

	
	
	○
Giants Ridge Batholith
	0.029 ft/day
	

	
	●
Recharge Value
	0.001 inches/year
	

	Mine Site Local-Scale Model (Appendix B, RS22, Draft 03, Barr 2008)

	
	●
Horizontal Scale – approximately 100 mi2 focused on Mine Site

	
	●
Vertical Descritization – 8 layers (7 bedrock units and single layer surficial deposit)

	
	●
Bottom elevations

	
	
	○
Layer 1
	1,400 – 1,585 ft msl (approximates bedrock surface elevation)

	
	
	○
Layer 2
	1,350 ft msl (corresponds to elevation of major mine benches)

	
	
	○
Layer 3
	1,270 ft msl (corresponds to elevation of major mine benches)

	
	
	○
Layer 4
	1,050 ft msl (corresponds to elevation of major mine benches)

	
	
	○
Layer 5
	890 ft msl (corresponds to elevation of major mine benches)

	
	
	○
Layer 6
	700 ft msl (corresponds to elevation of major mine benches)

	
	
	○
Layer 7
	330 ft msl (corresponds to elevation of major mine benches)

	
	
	○
Layer 8
	-65 ft msl (approximates bottom elevation of Biwabik Iron Formation)

	
	●
Grid – 100 to 200 meters outside area of interest/10 to 30 meters at Mine Site

	
	●
Boundary Conditions – extracted from Regional Model as constant head cells

	
	●
Hydraulic Conductivity (Horizontal / Vertical in ft/day)

	
	
	○
Wetland Deposits
	9.3/0.0000033

	
	
	○
Glacial Drift
	2.6/0.0000033

	
	
	○
Duluth Complex
	0.0024/0.0024

	
	
	○
Virginia Formation – Upper
	0.34/0.34

	
	
	○
Virginia Formation – Lower
	0.085/0.085

	
	
	○
Biwabik Iron Formation
	0.98/0.98

	
	
	○
Giants Ridge Batholith
	0.029/0.029

	
	●
Recharge value – (consistent with surface water (XP-SWMM) model values)

	
	
	○
Wetland Deposits
	0.3 inches/year

	
	
	○
Glacial Deposits
	1.5 inches/year

	
	●
Calibration – used traditional trial-and-error and automated MODFLOW calibration methods.  Predicted baseflow in the Partridge River at monitoring station SW004 was 1.49 cfs compared with target baseflow of 1.43 cfs.

	Tailings Basin Local-Scale Model (Attachment A-6, RS13, Draft 03, Barr 2007e)

	
	●
Horizontal Scale – approximately 18 mi2 including the Embarrass River and the historic LTVSMC pits 1, 2, 3, and 2WX and east of Pits 5S and 5N

	
	●
Vertical Descritization – two layers (Note: baseline calibration model.  Predictive models added up to 6 additional layers to represent deposition of PolyMet tailings during Project).

	
	
	○
Layer 1
	LTVSMC Tailings Basin

	
	
	○
Layer 2
	Underlying native material

	
	●
Hydraulic Conductivity (Horizontal / Vertical in ft/day)

	
	
	○
LTV course tailings
	0.14/0.14
	(RS39/40, Barr 2007j)

	
	
	○
LTV fine tailings
	0.028/0.028
	(RS39/40, Barr 2007j)

	
	
	○
Native drift
	80/8
	

	
	
	○
Bedrock
	0.000024/0.000024
	

	
	●
Boundary Conditions

	
	
	○
Internal boundaries were used to represent surface water features

	
	
	○
Pools in Cells 1E and 2E were simulated as constant head boundaries

	
	●
Dispersion Coefficient Tailing Basin
	Dx – 19.2
	Dz – 0.96

	
	●
Calibration – used traditional trial-and-error methods and calibrated to hydraulic head targets measured in February 2002, representing period shortly after LTVSMC operations at the tailings basin ceased.  Predicted seep rate south of Cell1E (seeps 32, 33, and Knox Creek headwaters was 570 gpm compared with a measured rate of 554 gpm in May 2002.


Source:  RS22, Barr 2008; RS13, Barr 2007

The Regional Model was used to provide boundary conditions for the smaller, local-scale Mine Site Model that was used to make the predictions of groundwater inflow rates into the mine pits.  The regional model used a near zero recharge value, which is consistent with regional hydrologic water budgets described by Siegel and Ericson (1980), who state that underflow (i.e., groundwater flow within bedrock moving to a discharge zone outside the regional domain) can be considered to be zero in this terrain.  With near zero recharge, groundwater in the Regional Model bedrock must come from or go to surface water features, and heads are established independently of recharge.  This allows the local-scale models to have fixed heads at the periphery and to be further calibrated with positive recharge over a smaller domain independent of the Regional Model.  The calibrated recharge rate in the Mine Site Model is 1.5 inches per year to the surficial aquifer, locally reduced to 0.3 inches per year in areas of mapped wetlands.

Groundwater levels within fractured bedrock, such as at the Mine Site, can be simulated using MODFLOW if the model scale is sufficiently large and bedrock fractures are sufficiently interconnected such that the fractured rock medium behaves similar to a porous medium.  The actual hydrogeologic characteristics of the Project site, however, do not fit the model assumptions of homogeneous porous media flow for the bedrock and till layers.  The Virginia Formation is considered a poor aquifer and the Duluth Complex has not been recognized as an aquifer, meaning it is not fractured enough to contain substantial quantities of water normally targeted for production purposes.  Instead, most of the water in the Duluth Complex is confined to fracture zones and faults, significantly reducing the lateral extent of connectivity with the overlying till (Adams and Liljegren 2009). 

Rather than rely on MODFLOW model predictions to estimate groundwater drawdown due to dewatering, and potential impacts related to drawdown, empirical observations and professional judgment will be used as the basis for generally describing likely impacts (Adams and Liljegren 2009).  Therefore, in the following discussion, applicable MODFLOW model results will be described except where they have been superseded by empirical observations. It is the tribal cooperating agencies’ position that the MODFLOW model does not provide credible data outside the footprint of the mine pits. As previously indicated, tribal cooperators have reviewed the Adams and Liljegren 2009 email and do not consider the methods used to be adequate (GLIFWC 2009, Memorandum to Jon Ahlness and Stuart Arkley: Photographic evidence for pit impacts to wetland hydrology. April 24, 2009). 

Mine Site 

PolyMet would affect groundwater levels at the Mine Site during operations by dewatering the active mine pits and pumping water to the WWTF and then to the Tailings Basin (Years 1-11) or the East Pit (Years 12-20).  Groundwater inflows to the mine pits for several stages of mine development were predicted using the MODFLOW model (Table 4.1-32).  The simulations predict that combined groundwater inflows into the mine pits would increase from 200 to 1,140 gpm during Years 1 through 15 as the pits widen and deepen.  Thereafter, the increases in inflows to the West Pit as it continues to expand until Year 20 would be offset by filling of the East and Central pits.

Table 4.1-32
Predicted Groundwater Flow Rates during Mine Operations and Closure
	 
	East Pit
	Central Pit
	West Pit
	

	 
	GW Inflow
(gpm)
	GW Outflow
(gpm)
	GW Inflow
(gpm)
	GW Outflow
(gpm)
	GW

 Inflow
(gpm)
	GW Outflow
(gpm)
	Total Net Inflow
(gpm)

	Year 1
	180
	0
	--
	--
	20
	0
	200

	Year 5
	820
	0
	--
	--
	80
	0
	900

	Year 10
	880
	0
	--
	--
	160
	0
	1,040

	Year 11
	930
	0
	--
	--
	140
	0
	1,070

	Year 12
	870
	0
	--
	--
	150
	0
	1,020

	Year 15
	750
	0
	70
	0
	320
	0
	1,140

	Year 20
	20
	130
	20
	10
	810
	0
	710

	Post-Closure
	Surficial1
	30a
	10
	80
	--
	80

	
	Bedrock1
	20
	<5
	30
	--
	>40


Source: Modified from Tables 4-1 and 4-2 in RS22 Appendix B Draft-03, Barr 2008.

1 Combined flow from the merged East and Central pits 

Once mining is completed in each pit and pumping stopped, groundwater would contribute to filling the pits.  The East Pit is predicted to fill, coincident with backfilling with waste rock, in approximately eight years (from Year 12 when mining ends to Year 20 when the pit is flooded).  The Central Pit would be mined from Years 12 to 13.  Starting in Year 14, the Central Pit would be filled with rock and water and dewatering ceased.  By Year 20, the East and Central pits would be combined into a single pit.  

The West Pit is larger and its flooding is subject to more variables.  Uncertainty Analysis of the West Pit flooding was conducted using Monte Carlo simulations (Barr 2008, Uncertainty Analysis Workplan – Pit Flooding Geochemistry).  According to the MODFLOW results, the West Pit would fill in approximately 53 years (Year 73) after dewatering ceases (RS52, Barr 2007).  The Uncertainty Analysis results estimated the average time to fill the West Pit would be about 45 years after mine closure, which is the value we use in the remainder of this EIS.  

Effects on Surrounding Groundwater Levels During Mine Operations 

The excavation and dewatering of the mine pits would affect groundwater levels in the area surrounding the pits.  The MODFLOW model was not developed to accurately predict drawdown in the surficial aquifer or the impact, if any, such drawdown would have on adjacent wetlands and surface waters.  In order to accurately model water table drawdown around the pits, MODFLOW would have to accurately model the bedrock fractures and the connectivity of the fractures in the overlying surficial glacial material, which has highly variable hydraulic conductivities.  In this hydrologic setting, however, it is not practical to gather such locally variable input data for a MODFLOW model. Tribal cooperating agencies disagree with this assumption. It is the tribal cooperating agencies’ position that in order to adequately predict potentially significant environmental impacts, hydrogeologic data must be collected that can be used as input to a MODFLOW model. Tribal cooperating agencies contracted with the United States Geological Survey (USGS) to review the uncertainty of the MODFLOW model and provide recommendations on how the model could be improved. The USGS report was submitted to the lead agencies in February of 2009 (USGS 2009, Letter Report reviewing PolyMet ground-water model. January 29, 2009). Tribal cooperating agencies organized meetings between USGS staff and participants in the EIS, including the applicant, to openly discuss all issues related to the USGS report, the MODFLOW model and the implications for the proposed project. The conclusions of the report and the meetings should be implemented so as to produce a useful model of project site hydrology. Tribal cooperating agencies believe that impacts to surface waters, groundwater, and wetlands for a project of this complexity demand a scientific, data driven approach rather than one based solely on professional opinion. Finally, it is the tribal cooperating agencies’ position that a robust groundwater model must be developed for this project in order to adequately characterize the potential impacts of various project alternatives to natural resources. 

Empirical observations at taconite surface mining operations in the region show only localized indirect impacts to nearby surface water bodies or wetlands from mine dewatering.  For example, the Iron, Argo, and Mud lakes are located along the north rim of the nearby Peter Mitchell Mine.  Water level monitoring in the Iron and Argo Lakes during the dewatering of the Peter Mitchell Mine detected no apparent impacts from water table drawdown.  Visual observation and review of historic aerial photographs for Mud Lake and nearby wetlands show little if any impact from the dewatering of the Peter Mitchell pit.  MnDNR has monitored several other lakes across the Mesabi Iron Range over the past several decades and the data show little, if any, effects from mine pit dewatering (Adams 2008; Adams 2009).  As previously indicated, the empirical observations in the Adams 2009 email are insufficient to support the conclusions in the paper. Vegetation data suggest that a significant groundwater-surface water connection exists. It is the tribal cooperating agencies’ position that a more robust groundwater model must be developed for this project in order to adequately characterize the potential impacts of the various project alternatives to natural resources. 

Based on this empirical evidence as well as prior studies (Adams et al. 2004, Siegel and Ericson 1980), it appears that the ability of the poorly sorted surficial glacial sediments in the Project area to transmit water is highly variable and to a large extent surface water features, including wetland bogs, are isolated from, and not affected by, groundwater drawdown from nearby dewatering activities.  Measurable impacts would be confined to localized areas where bedrock fracture zones/faults intercept high permeability till which, in turn, has a high hydraulic connectivity with a surface water feature.  In other words, a chain of high hydraulic connectivity must exist from the bedrock up to the surface water.  The existing information strongly suggests that the probability is very low that extensive hydraulic connectivity exists to allow significant impacts to wetlands and other surface water features at the Mine Site (Adams and Liljegren 2009; Adams 2008; and Adams 2009). As previously indicated, the empirical observations in the Adams 2009 email are insufficient to support the conclusions. The evidence presented in the email can be interpreted to indicate substantial impact of the Peter Mitchell Pits on adjacent lakes. However, it is the tribal cooperating agencies’ position that aerial photography, without ground verification or georeference is an exceedingly imprecise method for determining water levels in lakes and wetlands (GLIFWC 2009, Memorandum to Jon Ahlness and Stuart Arkley: Photographic evidence for pit impacts to wetland hydrology. April 24, 2009).  In addition, the hydraulic characteristics of wetland bogs, like those found at the Mine Site, are controlled by extremely low vertical hydraulic conductivity, which is assumed to be almost impermeable (Siegel 1992), although discontinuous zones of buried wood or other structural features in the peat can either obstruct or enhance water flow (Chason and Siegel 1986).  The controlling influence of low hydraulic conductivity has been demonstrated several times when peat mining operations have attempted to dewater bogs (Adams and Liljegren 2009).  Fens, on the other hand, have substantial groundwater inflow and outflow, and their vegetation is a product of inflowing groundwaters flow across the surface/near surface of the fen, as evidenced by distinct “water tracts.”  Given the lack of water tracks and photographic evidence of impacts to nearby surface water features, the Mine Site peatlands appear to be much more bog-like than fen-like (Adams 2009). As previously stated, it is the tribal cooperating agencies’ position that the above referenced email (Adams 2009) used inadequate methods for determining impacts to surface water features. 
Regardless, the true magnitude or location of any hydrologic impact would manifest itself slowly over many years of mine operations, such that properly-designed monitoring should be capable of detecting impacts as they develop, thereby enabling the implementation of appropriate mitigation strategies (Adams and Liljegren 2009).  Section 4.2 discusses recommended wetland monitoring at the Mine Site. It is the tribal cooperating agencies’ position that the DEIS should not rely on future monitoring to detect impacts as a substitute for the development of data and analyses that would reasonably identify and predict those impacts as part of a DEIS. 

Mine Closure and Post-Closure

Upon completion of mining operations and after pit dewatering systems are removed, the East Pit would fill naturally, as supplemented by the backfill of waste rock, and begin overflowing into the West Pit in approximately Year 21.  The West Pit would also begin to fill naturally with groundwater inflows, precipitation, and stormwater runoff at the completion of mining in Year 20.  These sources would fill the West Pit in about 45 years (Hinck and Kearney 2008) after dewatering ceases (Year 65).  

The actual steady-state water levels in the East and West pits after Year 20 would be established by outlet structures that would be used to route surface overflows from the East Pit (invert at elevation 1,592 feet msl) into the West Pit, and from the West Pit (invert at elevation 1,581 feet msl) to a final discharge location in the wetlands west of the pit and north of the Partridge River (Figure 4.1-20).  

MODFLOW simulations were performed to predict final groundwater conditions in Post-Closure (i.e., once the West Pit has filled).  Although the MODFLOW model results do not necessarily accurately reflect drawdown in the surficial aquifer, the model drawdown predictions in Closure and Post-Closure reflect long-term conditions to which groundwater heads must re-equilibrate.  The model predictions may thus be useful in planning the geographic extent of recommended wetland monitoring (Section 4.2).  Long-term change in surficial aquifer groundwater levels (i.e., permanent drawdown) is due to the fixing of head boundaries to lower surface water levels controlled by outlet structures relative to existing conditions.  The simulated drawdown reaches a maximum of about 20 feet surrounding the West Pit lake (i.e., Post-Closure groundwater elevation of 1,581 feet versus existing groundwater elevation of approximately 1,600 feet) and about 10 feet at the area of the East Pit (i.e., Post-Closure groundwater elevation of 1,592 feet versus existing groundwater elevation of approximately 1,600 feet).  

In the bedrock aquifer, the MODFLOW model predicts nearly complete recovery of groundwater elevations in the Project area.  The exception is at the West Pit where the presence of shallow bedrock results in predicted long-term bedrock groundwater elevation being about 10 to 20 feet lower than existing conditions due to the lowered head boundary at the lake.  

Plant Site 

As opposed to the Mine Site where mine dewatering would lower groundwater elevation, the potential issue at the Plant Site is groundwater mounding at the Tailings Basin.  PolyMet does not propose a liner for the Tailings Basin.  As a result, the Project would result in increased seepage from the Tailings Basin relative to existing legacy LTVSMC seepage, including both surface seepage through the Tailings Basin embankment and groundwater seepage through the base of the LTVSMC tailings (Table 4.1-33).  Most of this seepage would move north toward the Embarrass River, but a small portion of seepage would move south toward Second Creek in the Partridge River watershed.

Table 4.1-33
Summary of Tailings Basin Groundwater Seepage (gpm)

	
	Seepage toward Embarrass River
	Seepage toward Second Creek

	Mine Year
	PolyMet Cell 1E/2E

Seepage
	PolyMet Hydromet Seepage
	LTVSMC Cell 2W Seepage
	Total Seepage 
	Total Recovered Seepage
	Total Unrecovered Seepage
	Cell 1E Seepage
	Total Recovered Seepage
	Total Unrecovered Seepage

	Existing
	900
	NA
	895
	1,795
	0
	1,795
	550
	0
	550

	Year 1
	1,600
	0.5
	895
	2,496
	0
	2,496
	455
	455
	0

	Year 5
	2,260
	6.7
	895
	3,162
	0
	3,162
	410
	410
	0

	Year 10
	2,490
	7.7
	895
	3,393
	0
	3,393
	597
	597
	0

	Year 15
	2,700
	7.8
	895
	3,603
	0
	3,603
	671
	671
	0

	Year 20
	2,900
	8.7
	895
	3,804
	0
	3,804
	737
	737
	0

	Post-Closure
	490
	0.7
	610
	1,101
	0
	1,100
	290
	0
	290


Source: Hinck 2009.

PolyMet proposes a surface seepage collection system that would intercept and collect virtually all surface seepage (estimated as an average of approximately 100 gpm during mine operations) from the Tailings Basin (Figure 4.1-21).  The system includes installation of new horizontal drains located near the toe of the embankment north of Cells 2E and 2W.  Additional horizontal drains would be placed along perimeter embankments to intercept and collect seepage.  All collected surface seepage would be pumped back into the Tailings Basin until the seeps dry out.  

PolyMet would also establish a seepage recovery system in the area south of Cell 1E consisting of a clay barrier to block known seepage at the headwaters of Second Creek and divert it to a seepage collection trench.  The groundwater seepage to Second Creek would also be collected and pumped back into the Tailings Basin during operations, but the seepage barrier would be removed during Closure and any remaining seepage (estimated at approximately 290 gpm) would be released to Second Creek.

PolyMet proposes a geomembrane liner overlying a clay liner for the four proposed hydrometallurgical residue cells within the existing Cell 2W.  The cells would function as large sedimentation basins, with the slurried residue settling out in the cell, while the excess liquid would be recovered and pumped to the Plant Site for reuse during mine operations.  The rate of liner leakage (unrecoverable seepage) from these cells to groundwater is predicted to range from 0.5 gpm (Year 1) to 8.7 gpm (Year 20) (Hinck 2009).

The total unrecovered PolyMet groundwater seepage from the Tailings Basin, however, is expected to range from 1,600 gpm in Year 1 (excluding the 895 gpm of residual LTV seepage from Cell 2W) to approximately 2,909 gpm in Year 20 (again excluding 895 gpm of residual LTV seepage from Cell 2W).

Although PolyMet developed a groundwater flow model for the Tailings Basin, it is not suitable for determining impacts to groundwater elevations outside the tailings embankment because the surrounding wetlands were used as head boundaries and by definition are fixed in the model.  This is a reasonable assumption based on examination of the limited groundwater monitoring data in the wetlands north and northwest of the Tailings Basin (Figure 3.1-13), which suggests that groundwater elevations outside the basin are controlled by contact with relatively stable water levels in the adjacent wetlands.  

Therefore, future impacts to the hydrology of the aquifer and wetlands downgradient of the Tailings Basin were estimated by comparing predicted seepage rates for the Proposed Action (Hinck 2009) with the estimated groundwater flux capacity of the aquifer (155 gpm)(Technical Memorandum: TB-2 and TB-14: Tailings Basin Seepage Groundwater Quality Impacts Modeling Methodology).  The current seepage rate toward the Embarrass River from the Tailings Basin (Cells 1E/2E and 2W) is estimated at 1,795 gpm, which continues to result in the upwelling of seepage water into the wetlands as the seepage rate exceeds the aquifer flux capacity by over 1,600 gpm.  Under the Proposed Action, the unrecovered seepage rate is predicted to increase to a maximum of approximately 3,800 gpm in Year 20, over 2,900 gpm of which would be attributable to PolyMet (Hinck 2009).  Therefore, under the Proposed Action, a significant increase (>100%) in groundwater upwelling relative to existing conditions would be expected.  Some of this seepage water would drain to existing streams, but because of the generally flat topography and extensive wetlands, much of this water would be expected to form ponds and inundate wetlands.

Effects on Groundwater Quality at the Mine Site
The Project could affect groundwater at the Mine Site by leaching principally metals from exposed waste rock and lean ore stockpiles and mine pit sidewalls, which subsequently could seep into the groundwater.  PolyMet proposes to construct five waste rock/lean ore stockpiles at the Mine Site segregated based on their potential to generate acid rock drainage and to leach metals.  The stockpiles would have different types of bottom liners and top cap systems to minimize the volume of unrecoverable leakage to groundwater (see Table 3.1-9).  Most of the leachate would be collected (i.e., recoverable seepage), drained to a total of 11 stockpile sumps, and then pumped to the WWTF.

In addition to the waste rock and lean ore, the Project would also need to stockpile overburden.  PolyMet classified the overburden into three types based on its physical and chemical characteristics: saturated, unsaturated, and organic soils (peat) (Kearney and Wenigmann 2009).  PolyMet proposes to extend the Category 1/2 liner system under the overburden material and to compact the overburden material as it is placed to limit oxidation and infiltration (Kearney and Wenigmann 2009).  Although the effectiveness of compaction is uncertain, the overburden would also be progressively reclaimed to minimize exposure.  Process water from the overburden portion of the stockpile would be sent to the WWTF.  PolyMet indicates it may place the peat and unsaturated overburden in the unlined Overburden Storage and Laydown Area for processing and re-use.  In Section 4.1.3.5 we discuss potential mitigation measures addressing overburden management.

The mine pits could also affect groundwater quality as solutes would be leached from backfilled waste rock as well as flushed from exposed pit sidewalls.  In particular, mining would expose portions of the high sulfide Virginia Formation in the East Pit (Figure 4.1-3).  PolyMet proposes applying a limestone treatment to the exposed Virginia Formation walls in the East Pit while the backfill is being placed during pit filling to help neutralize the acidity of the rock face.  PolyMet also proposes to place overburden and a low permeability cover against the exposed Virginia Formation high wall in the East Pit when filling reaches the design elevation to reduce long-term oxidation and solute leaching from the wall rock (RS52, Barr 2007), although successful application of the technology has not been demonstrated.  The groundwater quality modeling discussed below assumes these mitigation measures are implemented.

Tribal cooperators strongly disagree with the assumptions used in the groundwater quality modeling for the mine site. It is the tribal cooperating agencies’ position that relying on the effectiveness of a technology with highly variable outcomes (limestone treatment) in calculating long-term water quality is not a conservative approach. The DEIS should provide a range of water quality results including the groundwater quality under a scenario where lime treatment and covering the Virginia Formation wall is ineffective. 

Evaluation Methodology

Project effects on groundwater quality at the Mine Site were evaluated by first estimating solute loading from source areas (e.g., rock stockpiles, mine pit walls) and then using models to simulate solute transport to evaluation points.  

Solute Loading from Rock Stockpiles

The mechanism most responsible for the release of soluble chemicals of concern from rock stockpiles is the oxidation of sulfide minerals, primarily the mineral pyrrhotite (FeS).  Blasting and excavation increases the oxidation rate by increasing the surface area and porosity of the rock, which allows rapid introduction of atmospheric oxygen and flushing of solutes by water.  Oxidation releases soluble metals (e.g., cobalt, copper, iron, and nickel) and sulfuric acid.  At very low sulfur content (e.g., ~0.1% sulfur), the acid is neutralized by reaction with host silicate minerals; but at higher sulfide content, the acid production could exceed neutralization capacity producing acidic drainage.  Formation of acidic conditions is problematic because this increases metal solubility and can increase oxidation rates driven by bacteria.  Metals of concern (e.g., cobalt, copper, and nickel) are bound as sulfides in the rock, so sulfide oxidation would result in the release of soluble metals.  Metal mobility can be reduced under neutral conditions as metals are removed from solution by adsorption or precipitation, but these may be leached later if conditions become more acidic with time.  
The portion of meteoric water (rain and melting snow) that is not lost to evaporation or runoff would percolate into the rock stockpiles before and after the surface is capped with a vegetated soil layer and/or composite liner.  Percolating water would flush metals and other products of oxidation from the rock.  This flow through unsaturated rock would take limited flow paths that may vary with flux rate and particle-size distribution.  Solutes that are out of water flow paths may remain stored in the stockpiles for many years, while solutes in these flow paths would be flushed out, seeping either down into groundwater or out as toe seepage on the stockpile liner.  

Solute dissolution rates (mg/kg/week) for 34 elements as well as chloride, fluoride, and sulfate from the five waste rock/lean ore stockpiles were estimated using an empirical approach where results from humidity cells (conservatively using the 95th percentile release rates) were scaled to estimate solute release from full-size facilities (Table 4.1-34).  Final predictions were evaluated against mineral solubility limits (“concentration caps”) and analogous mine sites (e.g., MnDNR reactor data) to determine the reasonableness of the prediction against theoretical limits and known conditions (RS 53/42, SRK 2007).  The analyses identified the following 16 constituents as being present in the NorthMet waste rock/ore and leaching in sufficient quantities to warrant additional analysis: aluminum, antimony, arsenic, beryllium, cadmium, cobalt, copper, fluoride, iron, lead, manganese, nickel, sulfate, thallium, vanadium, and zinc.

It should be noted that the humidity cell tests for antimony were contaminated by leaching of antimony oxide from PVC components of the cell apparatus (RS53/42, SRK 2007).  Therefore, the humidity cell results were not intended to be used in developing dissolution rates for antimony, instead the MnDNR reactor data was to be relied on for use in the deterministic modeling.  This was the only parameter for which MnDNR reactor data was used.  It was recently determined that the antimony dissolution rates from the humidity cell data, instead of the MnDNR reactor data were inadvertantly used in the deterministic modeling for the West Pit under both the Proposed Action and Mine Site Alternative (Hinck, Pint, and Wong 2009).  This error has been corrected in this DEIS.  As discussed above, concentration caps were used to establish reasonable upper limits to leachate concentrations.  In the case of antimony, the concentration cap based on the contaminated humidity cell testing (80 µg/L) was used in the deterministic modeling for the West Pit and stockpile leachate, while the highest observed antimony concentration in the MnDNR reactor data was only 3 µg/L (Hinck, Pint, and Wong, July 22, 2009).  The use of this concentration cap from the contaminated humidity cell results suggests that predicted antimony concentrations in groundwater from the West Pit and waste rock stockpiles at the Mine Site may be overestimated.  

Table 4.1-34
Solute Release Scaling Factors

	Scaling Factors
	Scaling Assumptions

	Temperature
	0.3 for Category 1 / 2 rock – reduces oxidation rates measured at ~20°C in lab to average air temperature at Mine Site (~2.4°C).

0.0 for Category 3 / 4 rock – assumes heat from oxidation would keep rock near 20°C as observed in lab.

	Particle Size
	0.2 – estimates the reactive factor assuming that rock larger than ¼ inch (the size in the humidity cell tests) makes insignificant contribution to solutes.

	Contact
	0.5 – fraction of rock flushed by infiltrating water each year.

	Acid Onset
	Category 3 waste rock – Assumed acid onset at 5 years after exposure based on AMAX stockpile data

Category 4 waste rock – Assumed immediate acid onset upon placement.

	Solute Release
	Assumed to be constant and long term

	Concentration Caps
	Upper limit concentrations were applied to waste rock seepage based on maximum concentrations observed in a water chemistry database for a given pH.  See Table 7-2 in RS53/42.

	Acidity Factor
	The humidity cell results used had not yet resulted in acidic pH.  An acidification factor of 10 was applied to the Category 3 waste rock/lean ore stockpiles and Category 4 lean ore surge pile based on data from the Dunka Pit.  Acidic weathering rates for Virginia Formation and sedimentary hornfels were used directly for the Category 4 waste rock stockpile.


Source:  RS53/42, SRK 2007

Total water flow was estimated as the infiltration rate (liner yield) into the waste rock surface (m/yr) multiplied by the area of the stockpile top (m2) to yield the volume of water passing through each stockpile (m3/yr) (RS21, Barr 2007).  The mine plan and schedule was used to determine the size and area of the stockpiles for each mine year.  Annual inflow calculations account for progressive reclamation efforts including the placement of evapo-transpiration covers.  PolyMet assumed three liner yield scenarios (low, average, and high) based on data from test stockpiles in northeast Minnesota and precipitation records (RS74A, Barr 2008).  Solute concentrations (mg/L) in seepage were estimated as the annual solute release (mg/yr) divided by the annual flow (L/yr).  Under the assumed uniform solute production throughout the rock, seepage concentrations increase in proportion to the height of the stockpile.  All modeling was performed using the lowest liner yield (i.e., low liner yield scenario), which results in the highest solute concentrations because all solutes produced in the stockpiles were conservatively assumed to be flushed out in seepage each year, regardless of the liner yield.  Assumptions were also made regarding the rate of liner leakage (low, average, and high), all using the highest solute concentration from the low liner yield scenario. 

Solute Loading into the Mine Pits

The estimate of pit lake water quality focuses on sulfide-mineral oxidation in rock that would be leached to the lake.  The overall solute load to the pit lakes is the sum of the load from inflowing water (i.e., groundwater, waste rock seepage, non-contact stormwater runoff, and treated water from the WWTF), seepage from aerated wall rock, leachate from backfilled waste rock, and flushing of stored oxidation products from wall rock and backfill as it floods.  

Pit-wall geology suggests that the wall rock would probably be an important source of metals and sulfate loading to the East and West pit lakes.  Based on the geologic block model of the mine pits, acid generating rocks (ore, and Category 3 and 4 waste rock) comprise ~65% of the wall rock in both the East and West pits (Figure 4.1-22).  Mine pit blasting produces fractures, particularly in horizontal pit benches, where blast holes are typically drilled to ~2-meters below the bench top.  Observation in pit mines also show frequent formation of talus cones on benches from physical weathering of the steeper walls.  The result is a permeable rind in the pit walls with enhanced oxygen diffusion (and thus sulfide mineral oxidation), and greater hydraulic permeability (which facilitates flushing of solutes by percolating rain and snowmelt).  Some solutes may remain in the pit walls when held in fractures out of seepage flow paths; but most are assumed to eventually flush out when the rock is inundated by the pit lake.  

After inundation, wall-rock oxidation essentially stops due to the low solubility (~10 mg/L) and the slow diffusion rate (i.e., ~1/10,000th as fast as in air) of oxygen in water, so submerged wall rock may be considered essentially inert.  The acid generating wall rock, however, extends to the rim of the pits, indicating that some acid-generating wall rock would remain exposed and subject to long-term oxidation even when the pit lakes reach their final elevation, which is 10 to 20 feet below the pit rim.  PolyMet proposes to place overburden and a low permeability cover over the exposed Virginia Formation walls above the East Pit lake, which would help mitigate solute dissolution in this area to some extent.  Solutes are removed from the pit lakes either as dissolved constituents in groundwater and surface water outflow, or as chemical precipitates that settle to the pit lake bottom, as occurs when acidic water is neutralized.  After the pit lakes reach a static water elevation, the long-term water chemistry is controlled by the continued leaching of solutes from pit highwalls that remain above the lake and the load lost in outflow.  

Waste rock backfilled to the pit lake has a chemical effect similar to wall rock, with waste rock above the lake surface oxidizing and leaching solutes to the pit lake.  When inundated by the pit lake, however, leaching stops and the submerged rock is essentially inert fill.  Solute loading to the pits from wall rock was estimated using an empirical scale-up of solute-release rates measured in small-scale kinetic test data.  The composition of pit water, either pumped out during mining or present in the pit lake, was based on dividing the solute load into the pit by the volume of receiving water.  Table 4.1-35 provides model assumptions and input data.  

Table 4.1-35
Mine Pit Solute Loading Assumptions and Input

	Assumptions/Input
	Source References

	Solute Loading Sources and Release Rates
	Generally see Table 6-3 in RS31

	Wall rock composition
	RS67

	Geochemical performance of wall rocks
	RS53/42

	Geochemical predictions for other facilities
	RS53/42

	East Pit wetland overflow
	RS29T

	Tailings seepage and process pond
	RS52/46

	Wastewater treatment plant parameters
	RS29T

	Net precipitation
	RS73

	Groundwater quality
	Based on average from monitoring wells

	Stormwater runoff from undisturbed soil
	Used Partridge River water quality data

	Stormwater runoff from reclaimed surfaces
	RS24, RS52

	Leakage from stockpile liners
	RS42

	Physical water inflows
	RS22, RS10A

	Corrections Factors
	

	Temperature
	0.3 – reduces oxidation rate from ~20°C in lab to ~2.4°C (avg ambient air temperature at Mine Site)

	Particle Size (reactive fraction)
	0.1 – estimate of wall rock fraction that is smaller than 0.25 inch material in humidity cells

	Wall Rock Thickness
	Assumes 2 meter thick wall rock reactive rind based on over-drilling of blast holes

	Contact Factor
	0.5 for backfill when inundated and 0.5 for pit surfaces after Closure

	Acid Onset
	Solutes released in wall rock are assumed to be loaded into pit lakes when flooded by the lake

	Critical Assumptions
	

	Oxidation Rate
	Assumed to be proportional to rates in the humidity cells and the wall rock was assumed to contain oxygen thru the 2 meter reactive zone

	Solute Concentration
	Upper limits applied to waste rock effluent based on maximum concentrations observed during kinetic tests (see Table 7-2 in RS 53/42)

	Solute Release Rates
	Assumed to decay exponentially and estimates based on MnDNR’s long term kinetic reactors (see Appendix B of RS 53/42.

	Upper Solute Limits
	Upper limits applied based on neutral pH and assumes chemical precipitation in the lake.

	Lake Stratification
	Assumes the pit lakes remain entirely mixed with no stratification.  If stratification was to occur because of denser saline layer, the quality of discharge from the pits would be better (see RS 31).

	Lake Volume
	Elevation/Volume relationships (see RS31, Figure 6-1)


Solute Transport

Solute transport was evaluated along six simulated flow paths and at two key evaluation points – the PolyMet property boundary and the Partridge River (Table 4.1-36; Figure 4.1-23).

Tribal cooperating agencies note that the property boundary has not been defined for this project. Therefore, It is the tribal cooperating agencies’ position that the Dunka road should be used as an evaluation point. The PCA has agreed to this and figure 4.1-23 indicates that the Dunka road is an evaluation point.  Corresponding information for that evaluation point must be included in table 4.1-36.

Table 4.1-36
Solute Transport Flow Paths and Evaluation Points

	Flow Path
	Solute Sources
	Evaluation Points

	#1
	Category 1/2 and overburden stockpiles
	Property boundary

	#2
	West Pit
	Property boundary

	#3
	Category 4 Lean Ore Surge Pile
	Partridge River

	#4
	East Pit and Category 4 Stockpile
	Property boundary, Partridge River

	#5
	Category 3 Stockpile
	Partridge River

	#6
	Category 3 Lean Ore Stockpile
	Partridge River


Source: RS74A, Barr 2008.

Solute transport modeling was conducted using a two step process (RS74A, Barr 2008):

1.
Steady State Flow Modeling- a steady-state MODFLOW and MT3DMS cross-sectional transport model (Zheng and Wang 1999) was initially used to identify solutes of potential concern from each source area (i.e., stockpiles and pit lakes) along the six simulated flow paths.  At the evaluation points along each flow path, dilution factors were used in a spreadsheet model to determine chemical concentration for all constituents.

2.
Transient Flow Modeling - For those constituents that showed potential exceedances of groundwater standards using the steady state model, more detailed transient flow modeling with MODFLOW and MT3DMS was conducted to determine solute concentrations at time scales ranging from short-term Project operations to Post-Closure (beyond approximately Year 65).  Because of the heightened concern regarding sulfate concentration, sulfate was carried forward to the next phase of modeling regardless of whether the steady state model predicted groundwater concentrations in excess of criteria.
Key model assumptions and input variables are provided in Tables 4.1-37.  In about Year 20, following backfilling of the East Pit, groundwater outflow toward the Partridge River would begin, albeit at low levels (i.e., 10 gpm).  Similarly, around Years 65, groundwater outflow from the West Pit toward the Partridge River would begin, again at a low rate (i.e., 18 gpm).  

Table 4.1-37
Screening and Transient Solute Transport Model Inputs and Assumptions – Mine Site

	Evaluation Points
	Property boundary and the Partridge River (Figure 4.1-25) Tribal cooperators note that there is no figure 4.1-25.

	Evaluation Criteria
	Primary and secondary USEPA drinking water standards and Minnesota Health Risk Limits (see Table 4.1-17)

	Sources Evaluated
	Leakage through the waste rock stockpile liners and groundwater outflow from the mine pits (Figure 4.1-25)

	Dispersion Coefficients
	
	Flow Path (Figure 4.1-25)
	Dispersion Coefficients

	
	
	
	Dx(m)
	Dz(m)

	
	1
	Category ½ and Overburden Stockpile
	17.3
	0.865

	
	2
	West Pit
	13.2
	0.66

	
	3
	Lean Ore Surge Pile
	13.4
	0.67

	
	4
	East Pit and Category 4 waste rock stockpile
	14.3
	0.715

	
	5
	Category 3 waste rock stockpile
	12.5
	0.625

	
	6
	Category 3 lean ore stockpile
	12.2
	0.61

	Source Flow Inputs
	Hydrologic head distribution at Closure as predicted by Mine Site MODFLOW model

	
	Maximum predicted leakage rates for the waste rock stockpiles from Table 4.1-30

	
	Recharge from precipitation was set at 1.5 inches per year as used in the calibrated Mine Site model

	Source Concentrations
	Predicted concentrations of liner seepage under high, average, and low flow conditions from Tables 6-26 thru 6-28 in RS74A, Barr 2008

	Background Concentrations
	Used groundwater data from monitoring wells at the Mine Site as presented in Tables 6-26 through 6-28 in RS74A, Barr 2008 

	Model Cell Dimensions
	Δx – 25 meters

Δy – 10 meters

Δz – surficial deposits – 1 meter

ΔZ – bedrock – 20 meters

	Hydraulic Conductivity
	Values were based on those used in the Mine Site groundwater model RS22, Barr 2007

	
	Highest values were used to evaluate worst-case scenario (highest values cause less mixing resulting in higher predicted solute concentrations)

	
	Surficial deposits
	9.3 ft/day
	2.83 m/d

	
	Bedrock
	0.0024 ft/day
	7.32x10-4 m/d

	Sorption
	Transient cross-sectional models were run both with and without any solute sorption.  Linear sorption is modeled with a partition coefficient (Kd) that relates the concentration of a sorbed constituent to the concentration of the constituent in solution.  Sorption was only simulated in the surficial aquifer; no sorption was assumed to occur in the bedrock aquifer.

	
	Values Used in Cross-Section Models: arsenic – 25 L/kg; copper – 22 L/kg; nickel – 16 L/kg; and antimony – 0 L/kg.


Source: Modified from Table 6-4 in RS74A, Barr 2008

The deterministic modeling conducted at the Mine Site highlighted the importance of two key assumptions: the extent of contaminant leakage through the composite liners and the degree to which sorption would occur and reduce contaminant concentrations as the leachate passes through soil and aquifer solids.  We discuss these two assumptions below.

Liner Leakage

The amount of liner leakage from the waste rock and lean ore stockpiles is primarily determined by overliner slope, installation defects (i.e., number of holes or tears in the liner), and subgrade permeability.  In order to minimize leakage, PolyMet proposes a 1% overliner slope, a maximum of two installation defects per acre, and a subgrade permeability of 1 x 10-5 cm/sec for the Category 3 waste rock stockpile; and a 2% overliner slope, a maximum of two installation defects per acre, and a subgrade permeability of 1x10-6 cm/sec for the Category 3 lean ore, Category 4 waste rock, and the lean ore stockpiles.  The USEPA Hydrologic Evaluation of Landfill Performance (HELP) Model was used to estimate a range of potential liner yields (Golder 2007).  For purposes of the deterministic modeling, three scenarios were used involving low, average, and high liner leakage rates to estimate potential groundwater quality impacts.  The PolyMet proposed design, if achieved, would result in less leakage than the low liner leakage scenario.

After reviewing the available data, we conclude that the low and average liner leakage rates would not be sufficiently protective of the environment for the Proposed Action.  We do believe the liner system could be installed in compliance with the proposed design if rigorous quality control measures are used.  Current construction practices and improvements in electrical leak detection surveys should be able to achieve the proposed design criteria (i.e., defects/acre, overliner slope, and subgrade permeability).  However, we do have concerns regarding the ability of this liner system to permanently maintain these design criteria (e.g., differential settlement could cause tears in the geomembrane liner), the potential for the geomembrane liner to degrade over time, and the adequacy of the proposed overliner cover thickness (12-18 inches) to protect the liner from accidental tears or rips during waste rock placement given both the size of the waste rock and the equipment necessary to place it properly. Mitigation Measures are further discussed in Section 4.1.3.5.  

On the other hand, we believe the high liner leakage rate would result in an unreasonably high leakage rate because it assumes a combined worse case scenario of overliner slope, defects per acre, and subgrade permeability.  Since modeling was only conducted for these three scenarios, however, we rely on the high liner leakage rate (at least where this rate results in the highest predicted solute concentrations) in evaluating model results in order to be conservative (i.e., protective of the environment), but recognize that use of this leakage value may over estimate groundwater quality impacts.

Sorption

Many contaminants, including metals, are known to adsorb or absorb (collectively referred to as sorption) to various minerals, organic matter, and other surfaces present in the soil and aquifer solids, which reduces contaminant concentrations and/or mass flow rates as they are transported downgradient from their source (Wilkin 2007; McLean and Bledsoe 1992).  The metal partition coefficient (Kd) is the ratio of the sorbed metal concentration (expressed in mg metal per kg sorbing material) to the dissolved metal concentration (expressed in mg metal per L of solution) at equilibrium.  Higher Kd values represent higher sorption capacity.  The partition coefficient for metals is quite complex and is affected by numerous geochemical parameters and processes, including pH; the presence of clays, organic matter, iron oxides, and other soil constituents; oxidation/reduction conditions; major ion chemistry; and the chemical form of the metal (USEPA 1996).  

Literature values are available for estimating metal partition coefficients (USEPA 1996; Allison and Allison 2005).  These values have been adopted by MPCA as part of its risk based guidance for State Superfund and VIC program sites (MPCA 1998).  A close review of these USEPA guidance documents, however, reveals that there is a wide range of partition coefficients, reflecting the many variables identified above that can affect sorption (USEPA 1996).  Further, there is a wide variation in the degree of confidence that USEPA has in these data (Allison and Allison 2005).  Table 4.1-38 summarizes the USEPA partition coefficient information for the metals applicable to the NorthMet Project.  PolyMet initially proposed using the low end (i.e., least sorption) USEPA Kd Estimated Screening Level Values.
Table 4.1-38 
USEPA Guidance Regarding Sorption

	Metals
	Kd
Median
	Kd
Range
	USEPA Kd Estimated 
Screening Level Values
	Confidence Level
1=highest, 4=lowest

	Antimony
	251
	1.3 – 501
	45
	4

	Arsenic
	2,512
	2 – 19,953
	25 – 31
	2

	Copper
	501
	1.3 – 3,981
	NA
	1

	Nickel
	1,259
	10 – 6,310
	16 – 1,900
	1


Source: Allison and Allison 2005; USEPA 1996.

In response to agency concerns regarding the use of literature-based sorption values, PolyMet conducted site specific sorption testing on soil samples collected from the most permeable zone of two borings at the Mine Site.  Batch sorption tests were conducted in the laboratory generally using standard ASTM procedures (Barr 2009, Technical Memorandum: Results of Site-Specific Soil Sorption Tests: Mine Site).  The batch testing results suggest that sorption at the Mine Site for several metals may actually be considerably greater than the low end of the USEPA screening level values originally proposed for use by PolyMet (Table 4.1-39).  The agencies, however, raised some concerns regarding the procedures used for the sorption testing (Blaha 2009).  Nevertheless, the site-specific sorption results are compelling enough for us to feel comfortable accepting values no higher than the low end of the USEPA screening levels, except for antimony.  Although we do expect that some degree of sorption would occur for antimony, the results of the site-specific testing and our concerns regarding the protocol used for the sampling lead us to assume a Kd value of zero at this time.  Table 4.1-39 presents the results of the site specific sorption testing and the values we are accepting for use in evaluating the results of the groundwater modeling at the Mine Site.

Table 4.1-39
Comparison of Site Specific and Literature Sorption Values at the Mine Site

	
	Literature Sorption Value
	Site Specific Sorption Values
	Kd Values Accepted for Use in 
Groundwater Modeling

	Parameter
	USEPA Screening Value
	Boring RS-22
	Boring RS- 24
	Average
	

	Antimony
	45
	1.6
	22
	12
	0

	Arsenic
	25
	>52
	590
	~320
	25

	Copper
	22
	1,047
	463
	755
	22

	Nickel
	16
	73
	40
	56
	16


Source:
Modified from Barr 2009, Technical Memorandum: Results of Site-Specific Soil Sorption Tests: Mine Site.

Deterministic Model Results

Using the solute loading estimates from the stockpiles and mine pits, the steady state modeling was initially used to identify solutes that have the potential to exceed groundwater evaluation criteria.  Table 4.1-40 summarizes the results of this initial modeling.  It should be noted that aluminum, beryllium, thallium, iron (Flow Paths #1 and 2), and manganese (Flow Paths #1 and 2) exceeded the groundwater evaluation criteria in the model; however, this was attributable to high background concentrations and these solutes were not carried forward for detailed transient flow modeling.  Sulfate was carried forward in all flow paths, regardless of whether the steady state modeling predicted exceedance of groundwater standards.
Table 4.1-40
Summary of Potential Groundwater Evaluation Criteria Exceedances at the Mine Site Using Steady State Model 

	Flow Path
	Potential Groundwater Evaluation Criteria Exceedences
	Additional Constituents for Transient Model

	#1 - Category 1/2 – Overburden Stockpile
	Arsenic, antimony, sulfate, aluminum, iron, manganese, beryllium, thallium
	--

	#2 - West Pit
	Arsenic, antimony, aluminum, iron, manganese, beryllium, thallium
	Sulfate

	#3 - Lean Ore Surge Pile
	Iron, manganese, nickel, iron, manganese, aluminium, beryllium, thallium
	Sulfate

	#4 - East Pit and Category 4 Waste Rock Stockpile
	Iron, manganese, nickel, and sulfate. aluminum, beryllium, thallium 
	Sulfate

	#5 - Category 3 Waste Rock Stockpile
	Antimony, arsenic, copper, iron, manganese, nickel,  sulfate, aluminum, beryllium, thallium,
	--

	#6 - Category 3 Lean Ore Stockpile
	Copper, iron, manganese, nickel, aluminium, beryllium, thallium
	Sulfate


Source: Modified from Table 6-24 in RS74A, Barr 2008.

Notes: Constituents in bold or italics exceeded groundwater evaluation criteria.  Constituents in italics were not carried forward to transient modeling.

Those solutes that were identified as potentially exceeding groundwater evaluation criteria using the initial steady state modeling, as well as sulfate (Table 4.1-40), were then subjected to more detailed analysis using transient flow modeling.  Table 4.1-41 provides a summary of the results showing that several solutes are predicted to exceed groundwater evaluation criteria at various locations at the Mine Site.  As discussed previously, we accept use of the lower range of the USEPA screening level sorption values based on the results of the site-specific sorption testing.  Similarly, we evaluate on a case by case basis those solutes that are predicted only to exceed groundwater evaluation criteria under the conservative high liner leakage conditions.  Even with these assumptions, several parameters are predicted to exceed USEPA primary and secondary MCLs and MDH Health Risk Limits at multiple flow paths for various periods and durations.  It is important to note that secondary MCLs are established only as guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor.  These contaminants are not considered to present a risk to human health or aquatic life.  Therefore, our evaluation primarily focuses on exceedances of primary MCLs and MDH Health Risk Limits.

Table 4.1-41
Summary of Maximum Concentrations Predicted Using Deterministic Transient Flow Modeling for Mine Site under the Proposed Action 

	Parameters
	Units
	Evaluation Point
	Groundwater Evaluation Criteria
	Liner Leakage Model(s) with Criteria Exceeded
	Predicted Model Maximum Concentration


	Period Exceeding Groundwater Criteria (Mine Years)
	Predicted Maximum Concentration

(no sorption)

	Flow Path #1 - Category 1 and 2 Waste Rock & Overburden Stockpile 
	
	
	

	Antimony
	µg/L
	Property Boundary
	6
	Low
	16
	Unknown
	16

	Arsenic
	µg/L
	Property Boundary
	10
	None
	2.8
	None
	140

	Sulfate
	mg/L
	Property Boundary
	250
	Low
	460
	~100 – 2000
	460

	Flow Path #2 - West Pit 
	
	
	

	Antimony
	µg/L
	Property Boundary
	6
	Low, Average, High
	9.5
	~200 - 2000
	9.5

	Arsenic
	µg/L
	Property Boundary
	10
	None
	2.8
	None
	82

	Sulfate
	mg/L
	Property Boundary
	250
	None
	110
	None
	110

	Flow Path #3 - Lean Ore Surge Pile 
	
	
	

	Iron
	µg/L
	Partridge River
	300
	High
	4701
	~60 – 125
	470

	Manganese
	µg/L
	Partridge River
	50/300
	High
	661
	~60 – 125
	66

	Nickel
	µg/L
	Partridge River
	100
	None
	1.0
	None
	150

	Sulfate
	mg/L
	Partridge River
	250
	None
	23
	None
	23

	Flow Path #4 – East Pit & Category 4 Waste Rock Stockpile 
	
	
	

	Antimony
	µg/L
	Partridge River
	6
	Low, Average, High
	15
	Unknown
	15

	Iron
	µg/L
	Partridge River
	300
	Low, Average, High
	500
	~75 – 2000
	500

	Manganese
	µg/L
	Partridge River
	50/300
	Low, Average, High
	110
	~75 – 2000
	110

	Nickel
	µg/L
	Partridge River
	100
	None
	3.7
	None
	290

	Sulfate
	mg/L
	Partridge River
	250
	None
	68
	None
	68

	Flow Path #5 - Category 3 Waste Rock Stockpile 
	
	
	

	Antimony
	µg/L
	Partridge River
	6
	Low, Average, High
	46
	Unknown
	46

	Arsenic
	µg/L
	Partridge River
	10
	None
	2.3
	None
	46

	Copper
	µg/L
	Partridge River
	1,000
	None
	100
	None
	3,200

	Iron
	µg/L
	Partridge River
	300
	Low, Average, High
	4,200
	~50 – 2000
	4,200

	Manganese
	µg/L
	Partridge River
	50/300
	Low, Average, High
	900
	~50 – 2000
	900

	Nickel
	µg/L
	Partridge River
	100
	Low, Average, High
	1,000
	~50 – 2000
	12,000

	Sulfate
	mg/L
	Partridge River
	250
	High
	2801
	~100 – 200
	280

	Flow Path #6 - Category 3 Lean Ore Stockpile 
	
	
	

	Copper
	µg/L
	Partridge River
	1,000
	None
	43
	None
	920

	Iron
	µg/L
	Partridge River
	300
	High
	1,3001
	~50 – 2000
	1,300

	Manganese
	µg/L
	Partridge River
	50/300
	High
	2501
	~50 – 2000
	250

	Nickel
	µg/L
	Partridge River
	100
	Average, High
	650
	~50 – 2000
	3,400

	Sulfate
	mg/L
	Partridge River
	250
	None
	58
	None
	58


Source:  Modified from Table 6-30, 6-31, and 6-32, RS74A, Barr 2008.

NOTES:  Bold (e.g., 0.014) indicates predicted concentration exceeds groundwater evaluation criteria.  

NA = not applicable or not modeled

1
Parameters that are predicted to only exceed groundwater evaluation criteria under the high liner leakage model must be carefully evaluated on a case by case basis considering the low probability of the high liner leakage rate occurring.

As Table 4.1-39 indicates, antimony (at four flow paths), manganese (at only one flow path with an exceedance of the MDH Health Risk Limit of 300 µg/L), and nickel (at two flow paths) are predicted to exceed USEPA primary MCLs and/or MDH Health Risk Limits.  In terms of antimony, these results do not account for any natural attenuation by sorption, even though the site specific sorption testing did find low levels of sorption occurring.  As mentioned previously, the predicted antimony concentrations may be overestimated because the concentration cap from the contaminated humidity cell results was used.

Waste Rock Stockpiles Uncertainty Analysis

The Proposed Action would involve the permanent storage of highly reactive waste rock in surface stockpiles.  Agency review of the deterministic modeling revealed a significant degree of uncertainty regarding key model input assumptions (i.e., the parameters assumed to be most important for predicted effluent load rates) such as:

· Rate of production of the various constituents from the stockpile rock;

· Composite scale-up factor between humidity cell results and actual field conditions;

· Maximum concentrations caps allowed for select constituents in rock effluent (i.e., chemical limits to the concentration);

· Water flux into the waste rock (i.e., “liner yield,” which is the amount of water percolating through the waste rock surface and reaching the liner at the bottom of the stockpile); and

· Water seepage out the bottom of the waste rock facility (i.e., “liner leakage,” which is the volume of liner yield that then seeps out to groundwater through flaws in the liner beneath the waste rock facility).

Therefore, an Uncertainty Analysis using Monte Carlo simulations was conducted to help assess the range of probabilities around the deterministic model results.  The Uncertainty Analysis did not evaluate all stockpiles for all mine years, but rather focused on solute loadings from two representative waste rock stockpiles (the Category 1/2 stockpile, which is the largest stockpile with the greatest liner leakage rate; and the Category 3 lean ore stockpile, which is the largest stockpile with a geomembrane liner) and the West Pit lake.  Further, the simulations targeted the periods expected to produce the highest effluent concentrations: years 10 and 15 for Category 1/2 waste rock stockpiles, and years 15 and 25 for Category 3 Lean Ore Stockpile.
The deterministic modeling and the Uncertainty Analysis used slightly different input assumptions (Table 4.1-42).  The net effect of these differences can be assessed by comparing the final solute loadings for the common parameters used in each model.  As Table 4.1-43 illustrates, the deterministic modeling uses higher solute loadings for antimony, copper, cobalt, nickel, and vanadium, while the Uncertainty Analysis uses higher arsenic, fluoride, and sulfate loadings.

Table 4.1-42
Comparison of Deterministic Modeling and Uncertainty Analysis Assumptions for Waste Rock Stockpile modeling

	Input Parameters
	Deterministic Modeling 
	Uncertainty Analysis

	Constituent
	26 parameters, including calcium, chloride, fluoride, hardness, potassium, magnesium, sodium, sulfate, and a full suite of metals.
	Limited to 8 parameters, including antimony, arsenic, cobalt, copper, fluoride, nickel, sulfate, and vanadium.

	Stockpile dissolution rates (also referred to as rate of production)
	Used 95th percentile rates from the 130 weeks humidity cell data.
	Used the 95th, 50th, and 5th percentile rates from 60 week humidity cell data to define a probability distribution, and applied an acidification factor of 10.1 to account for anticipated increased acidity.

	Composite Scaling factors
	0.1
	Assumed distribution with median of 0.11 and range of 0.045 to 0.25 (see Figure 3, Hinck and Wong 2008).

	Concentration caps
	Based on Table 7-2, RS53/42, SRK 2007
	Same as deterministic modeling, but different caps used for antimony, arsenic, and cobalt and a concentration cap was applied to vanadium (Hinck and Day 2009).  Assumed pH range of 6.6 to 8.0 for Category 1/2 waste rock stockpile and a pH of less than 4 for the Category 3 Lean Ore stockpile.  For Category 3 Lean Ore analysis, multiplication factors (i.e., 1x, 2x, and 3x) were used to increase concentration caps to capture uncertainty in concentration caps.

	Fluoride
	Considered Ca F2 precipitation
	Did not consider Ca F2 precipitation

	Liner Yield
	High, average, and low yield
	High, average, and low values assumed to define the 97.5th, 50th,, and 2.5th percentile probabilities.

	Liner Leakage
	High, average, and low leakage based on assumed values for liner yield, slope, liner defects, and subgrade permeability.  
	Assumed liner leakage factor distribution for Category ½ waste rock and Category 3 lean ore (see Figures 6 and 7, Hinck and Wong 2008).

	Sorption
	Sorption considered
	No sorption considered


Source:  Hinck and Day 2009; Hinck and Wong 2008.

Table 4.1-43
Comparison of Final Solute Loadings for the Category 3 Lean Ore Stockpile Mine Year 15 in the Deterministic Modeling and Uncertainty Analysis 

	
	Deterministic Model
	Uncertainty Analysis

	Solute
	Liner Yield
	 (mg/kg/week)
	Probability
	 (mg/kg/week)

	Antimony
	High

Average
	0.000015

0.000010
	95th

50th
	0.0000011

0.0000007

	Arsenic
	High

Average
	0.00013

0.00009
	95th

50th
	0.0003

0.0002

	Cobalt
	High

Average
	0.0081

0.0056
	95th

50th
	0.0033

0.0007

	Copper
	High

Average
	0.037

0.026
	95th

50th
	0.0048

0.0016

	Fluoride
	High

Average
	0.000011

0.000008
	95th

50th
	0.00029

0.00019

	Nickel
	High

Average
	0.12

0.10
	95th

50th
	0.0375

0.0088

	Sulfate
	High

Average
	1.8

1.2
	95th

50th
	3.3

2.1

	Vanadium
	High

Average
	0.00046

0.00046
	95th

50th
	0.00007

0.00005


Source:  Tables 1a and 1b, Hinck and Day 2009.

Note:  Higher values shown in bold.

The results of the Uncertainty Analysis for the rock stockpiles (i.e., only Category 3 Lean Ore and Category 1/2 waste rock and Overburden stockpiles) indicated mixed results regarding the conservatism of the deterministic model predictions for groundwater quality.  For the Category 3 Lean Ore stockpile (i.e., solute source for Flow Path #6), none of the 5,000 model runs yielded values as high as those predicted from the deterministic model (generally the conservative high liner leakage scenario).  Since the Category 3 Lean Ore Stockpile would have similar cover and liner system designs as the Category 3 waste rock stockpile and Category 4 waste rock stockpile (i.e., solute sources for Flow Paths #4 and #5), the Uncertainty Analysis would suggest that the deterministic model results for these stockpiles were also conservatively high. 

Similarly, the simulations of the Category 1/2 and Overburden stockpile (i.e., solute source for Flow Path #1) indicated that the deterministic transient flow model predictions for arsenic, antimony, nickel, sulfate, and vanadium were conservatively high (i.e., predicted concentrations in the deterministic model were higher than the median value of the Uncertainty Analysis).  Conversely, the Uncertainty Analysis revealed that the steady state model may have underestimated the concentrations of fluoride, cobalt, and copper in liner leakage (i.e., predicted concentrations in the deterministic model were lower than the median value of the Uncertainty Analysis).  High fluoride concentrations are unusual when calcium is present because fluoride solubility is limited by fluorite (CaF2) saturation.  As indicated in Table 4.1-42, the Uncertainty Analysis did not consider the effects of CaF2 precipitation, which would result in unrealistically high estimates of fluoride concentrations. 

West Pit Lake Uncertainty Analysis

Predicting the water quality of the West Pit is very complicated given the many sources of hydrologic input, including:

· Mine Site WWTF/hydromet flow via East Pit treatment wetlands;

· East Pit subsurface flow;

· Surface runoff to East Pit; 

· Surface runoff to West Pit; 

· Groundwater inflow to West Pit; 

· Category 1/2 waste rock stockpile liner leakage to West Pit; 

· Direct net precipitation to East Pit; and

· Direct net precipitation to West Pit.

As a result, an Uncertainty Analysis was conducted to predict West Pit water quality around Post-Closure, focusing on eight parameters – antimony, arsenic, cobalt, copper, fluoride, nickel, sulfate, and vanadium (Hinck and Wong 2008).  The results of the Uncertainty Analysis suggest that the actual concentrations of antimony, arsenic, and vanadium would probably be lower than predicted by the deterministic modeling (i.e., predicted concentrations in the deterministic model were several times higher than the median value of the uncertainty range).  Conversely, the Uncertainty Analysis suggest that the actual concentrations of cobalt, copper, fluoride, nickel, and sulfate would probably be higher than predicted by the deterministic modeling (i.e., highest predicted concentrations in the deterministic model were lower than the median value of the uncertainty range).  PolyMet states that these higher predicted concentrations are the result of ignoring interactions with calcium (applies to fluoride), application of the constant solute production method instead of the exponential decay method for predicting solute loading from the pit wall (applies to cobalt, nickel, and sulfate), and exclusion of the effects of adsorption in the West Pit water (applies to copper).  Nevertheless, based on the results of the Uncertainty Analysis, sulfate and nickel may exceed groundwater evaluation criteria, while copper would remain below the criterion.  There is no groundwater evaluation criterion for cobalt, but the predicted value is much higher than the surface water standard for cobalt.  Groundwater outflow from the West Pit would be approximately 18 gpm.

Conclusions

Within the Category 2, 3, and 4 waste rock stockpiles, oxidation is expected to release solutes to percolating water.  The primary concern is where modeling results suggest that solute concentrations could exceed groundwater standards at some potential evaluation points (e.g., property boundary or Partridge River).  

In some cases the deterministic modeling and the Uncertainty Analysis conflicted, which makes it difficult to draw firm conclusions.  Antimony, for example, is predicted by the deterministic modeling to exceed groundwater evaluation criteria at several flow paths, conservatively, assuming no sorption.  The Uncertainty Analysis, on the other hand, suggests that the deterministic modeling predictions for antimony were conservatively high, even without considering sorption.  Although the conservatism of some of the assumptions used in the Uncertainty Analysis can be argued, it is clear that the Proposed Action would exceed USEPA primary MCLs or MDH Health Risk Limits in groundwater for at least several solutes (i.e., manganese, nickel, sulfate, and probably antimony at least Flow Path #5) along several flow paths, even when accounting for high liner leakage rates and assuming natural attenuation by sorption (Table 4.1-41).  As indicated in Table 4.1-41, some of the waste rock stockpiles have the potential to leach solutes to groundwater for long periods (i.e., at least 2,000 years).  

Effects on Groundwater Quality at the Tailings Basin 

Seepage from the Tailings Basin would affect downgradient groundwater quality.  Several sources contribute solutes to the Tailings Basin, including the tailings themselves (which reflect a combination of ore and reagent solutes), Mine Site process water (principally during Years 1 to 11), Colby Lake make-up water, and watershed runoff.  The contribution from the Mine Site is influenced by the predictions of stockpile leachate and mine pit water quality and the ability of the WWTF to achieve design concentrations prior to pumping to the Tailings Basin.

Table 4.1-44
Summary of Deterministic Groundwater Modeling and Uncertainty Analysis at the Mine Site

	Flow Path
	Source
	Evaluation Point
	Results of Deterministic and Uncertainty Analysis1
(assumes natural attenuation by sorption)

	1
	Cat 1/2 & Overburden
	Property Boundary
	Antimony (USEPA primary MCL and MDH Health Risk Limit) and sulfate (USEPA secondary MCL) may to exceed groundwater evaluation criteria 

	2
	West Pit
	Property Boundary
	Antimony (USEPA primary MCL and MDH Health Risk Limit), and possibly nickel (MDH Health Risk Limit) and sulfate (USEPA secondary MCL) are predicted to exceed groundwater evaluation criteria. 

	3
	Lean Ore Surge Pile
	Partridge River
	All parameters are predicted to be in compliance with groundwater evaluation criteria.

	4
	East Pit & Cat 4 Waste Rock
	Partridge River
	Antimony (USEPA primary MCL and MDH Health Risk Limit) may exceed groundwater evaluation criteria. 

	5
	Category 3 Waste Rock Stockpile
	Partridge River
	Antimony (USEPA primary MCL and MDH Health Risk Limit), manganese and nickel (MDH Health Risk Limits), and possibly sulfate (USEPA secondary MCL) are predicted to exceed groundwater evaluation criteria.

	6
	Category 3 Lean Ore Stockpile
	Partridge River
	Nickel (MDH Health Risk Limit) is predicted to exceed groundwater evaluation criteria.


Sources: RS74A, Barr 2008; Hinck and Wong 2008. 

1
Exceedences of USEPA secondary MCL standards are not included except for sulfate. 

These solutes can be released from tailings by direct dissolution of minerals, but solutes of concern are released primary by oxidation of sulfide minerals in the tailings.  The oxidation rate in tailings, and thus the rate of solute release, is typically limited by the rate that atmospheric oxygen can diffuse into the facility.  The diffusion of oxygen is faster in air than water (i.e., ~10,000 times faster in air), therefore, the rate of oxidation and associated solute release would depend strongly on tailings moisture content, with slower oxidation in wetter material.  Thus the coarse tailings in the dam and medium-size beach are expected to have the fastest oxidation rate, the fine tailings would have slower oxidation, and the saturated tailings below the pond would be essentially non-reactive.  

Solutes released by oxidation (primarily sulfate and regulated metals) would be flushed from the tailings by percolating water.  The rate of percolation would depend on the surface type and precipitation.  The seepage in the tailings would mix with water that seeps through the bottom of the pond, so the average effluent would depend on the composition of the pond water, the rate of oxidation in the unsaturated tailings, and the rates of water flow through each material.  

Based on pilot plant testwork, the processing plant can produce tailings containing much less than 0.2% sulfur if copper sulfate is used to improve the recovery of sulfide minerals during flotation.  Testing of tailings containing 0.2% sulfur by MnDNR and from the nearby Babbitt Deposit did not result in acidic leachate because alkalinity produced by weathering of silicates in the rock always exceeded acid produced by oxidation of the sulfides.  Assuming that sulfur concentrations in the tailings remain below 0.2%, tailings pH is expected to remain above pH 5.5.  Pore water metal concentrations can increase dramatically if pH decreases (RS54/46, SRK 2007).  The oxyanions (arsenic, antimony, and selenium), however, tend to have increasing solubility with higher pHs.

Humidity cell test results for NorthMet tailings have tended to support the research by MnDNR and the results from the Babbitt Deposit (Day 2009).  Leachate pHs have remained between 6.0 and 7.8 with no trend toward lower pHs.  Variation in pH reflects whether copper sulfate was used in the pilot mineral processing, with higher pH leachate results shown by samples produced with the use of copper sulfate.  

The seepage from the PolyMet tailings would pass through the underlying LTVSMC tailings (i.e., previous taconite tailings).  These underlying tailings may attenuate metals or acidity leached from the PolyMet tailings, and/or may contribute additional solutes to seepage.  In order to better understand this dynamic, PolyMet conducted humidity cell testing of the interaction between NorthMet leachate and LTVSMC tailings.  The pH of NorthMet leachate is expected to be about the same as the existing pH of the LTVSMC tailings, so no induced leaching is expected due to differences in pH between the NorthMet leachate and the LTVSMC tailings (Day 2008).  The test results do suggest, however, that LTVSMC tailings may contribute to the removal of arsenic, manganese, nickel, and vanadium from NorthMet leachate (Day 2009).  

PolyMet tailings deposition would begin in Cell 2E until the tailings reach the elevation of the tailings in Cell 1E, which is expected to occur around Year 8.  From Year 9 onwards, Cells 2E and 1E would be operated as a single disposal facility.  Tailings would be deposited along the outer embankments of both cells to raise the embankments in lifts of about 15 feet simultaneously.  Only the exterior embankments along the north edge of Cell 2E and the south edge of Cell 1E would be constructed of coarse tailings.

PolyMet does not propose to line the Tailings Basin, nor is the underlying LTVSMC Tailings Basin lined.  PolyMet does propose to construct the tailings embankment out of existing LTVSMC coarse tailings and then place most of the NorthMet tailings in subaqueous zones to prevent oxidation and associated release of solutes (Figure 3.1-38).  Nearly all surface seepage would be collected via vertical wells, seepage collection trenches, and sump/pump systems and returned to the Tailings Basin.  After operations cease in Year 20, PolyMet proposes to cap the coarse tailings beach adjacent to the exterior embankment with a bentonite amendment to limit water infiltration and reduce oxidation of the coarse tailings.  By covering the coarse tailings, seepage from the pond would depend largely on the permeability of the finest tailings under the pond.  The surface seepage collection system would continue to operate into Closure until the seeps effectively dry out.  

Because of the bedrock topology present at the southeastern portion of the Tailings Basin, nearly all of the groundwater flowing south from the Tailings Basin should be captured by the proposed seepage barrier to be constructed at the headwaters of Second Creek.  Therefore, the Tailings Basin would have little effect on water quality in the Partridge River during operations.  At Closure, however, PolyMet proposes to remove the seepage barrier at Second Creek and approximately 290 gpm of seepage from the Tailings Basin would be released to the headwaters of Second Creek, as indicated in Table 4.1-33 (Hinck 2009).  

Evaluation Methodology 

A spreadsheet model was used to predict the concentration of dissolved constituents in the Tailings Basin for seepage that bypasses the collection system and is released to the environment (RS54/46, SRK 2007; RS74B; Barr 2008).  Transport and travel times through the basin were computed using MODFLOW-SURFACT (SURFACT), which is a fully integrated flow and transport model.  The model includes the ability to simulate unsaturated flow, which is why it was chosen for this application.  The SURFACT model simulates deposition of PolyMet tailings as additional layers on top of the existing LTVSMC tailings, which in turn are on top of native material.  The spreadsheet model used the SURFACT transport times and assumed plug flow for each source area within the Tailings Basin (i.e., embankment, coarse beach, fine beach, and pond).  The contribution from each source area to the concentration of dissolved constituents in groundwater leaving the basin at the toe of the embankment was predicted under steady-state conditions (RS74B, Barr 2008).

For each model run, concentrations were predicted forward in time until equilibrium was achieved or for 1,000 years.  The result of this contaminant transport modeling was a series of breakthrough curves for each source area considered for each model year/flow condition simulated (RS74B, Barr 2008).  The breakthrough curves were predicted at a hypothetical well location in the center of the toe of the LTVSMC Cell 2E embankment.  Table 4.1-45 provides a summary of the assumptions and inputs used in the model.  

Table 4.1-45
Tailings Basin Water Quality Model (SURFACT) Assumptions and Inputs

	Model Inputs
	Source of Input Data
	Reference

	Model Years
	Mine Years 1, 8, 9, 20, and Closure (Closure actually refers to Post-Closure per Mine Site terminology) – same years as used for Tailings Basin water balance
	RS13

	Source Areas
	Embankment (both capped and uncapped), coarse beach areas, fine beach areas, and the pond.
	RS74B

	Source Term Flows
	Infiltration into and flows from Embankment, Coarse Beach, Fine Beach, and Pond Recharge for each year of operation and Closure
	RS74B - Table 6-1 

	Solute mass loadings
	Provided for each year of operations and Closure
	RS74B – Tables 6-2 thru 6-5 

	Release ratios
	Values for maximum rate of sulfide mineral oxidation and associated metal release in oxygenated tailings were based on humidity cell test results
	RS54/46 Table 7-13

	Travel Time
	Considered only advection and resulted in breakthrough curves
	RS74B – Figures 6-5 thru 6-16

	Captured Water Flow
	Based on results from MODFLOW model and agreed to by agencies
	RS13

	Tailings Moisture Content
	Average moisture content of the coarse and fine tailings was calculated from water infiltration rates obtained using EPA HELP model, moisture flow and content using HYDRUS model, and estimated moisture-retention properties of the various tailings.
	RS13

	Tailings Oxygen Diffusivity
	Oxygen diffusivity in tailings (i.e., the ability of the tailings to transmit oxygen gas, a parameter related to porosity and moisture content
	RS54/46

	Porewater Concentrations
	Concentration of solutes in course and fine tailings porewater was calculated by dividing solute production rate by the volumetric water flow rate.

	Effluent Solute Concentrations
	Concentrations of solutes in Tailings Basin effluent was calculated by combining water and solute concentrations from various sources—coarse tailings, fine tailings, pond seepage-- during deposition, as determined from the Tailings Basin construction plan.

	Discharge Apportionment Scaling
	Infiltration through the NorthMet tailings would enter the underlying LTVSMC tailings, and hydraulic flow estimates divide the various flow between groundwater recharge and capture by horizontal drains in the LTVSMC tailings.

	Scaling Correction Factors
(from laboratory to field conditions)
	Temperature – 0.3 to adjust to lower ambient field conditions

	
	Frozen Ground – 0.75 assumes that the ground if frozen 25% of the time; however, lower diffusion in frozen ground surface was not supported by MnDNR’s literature review.

	Vertical saturated conductivity
	1.2 x 10-3 cm/s in course tailings located 0-400 feet from spigot
	RS39/40 Appendix H

	
	2.5 x 10-5 cm/s in fine tailings located 400-700 feet from spigot
	RS39/40 Appendix H

	Porosity
	0.5 in both course and fine tailings
	RS 39/40 Appendix H

	Infiltration Rate Thru Tailings
	25 in/yr during construction (i.e., when spigotting water onto tailings)
	

	
	7.7 in/yr from meteoric water on unvegetated tailings surface
	HELP model

	
	0.23 in/year under synthetic liners placed in the tailings dam
	

	Water Saturation
	38% in coarse and 89% in fine tailings
	

	
	~100% in tailings slime, which reduces oxidation rate to essentially 0
	


Table 4.1-46 provides the predicted seepage water quality as it leaves the Tailings Basin, not accounting for any advection, dilution, or sorption as the seepage moves through the aquifer downgradient of the Tailings Basin.  The toe of the Tailings Basin is not considered an evaluation point in terms of compliance with groundwater standards.

Table 4.1-46
Water Chemistry of Cells 1E and 2E Seepage to Groundwater

	 
	Unit
	Years
1-61
	Year
10
	Year
15
	Year
20
	Closure
	Max

	General Parameters
	

	Calcium
	mg/L
	73
	104
	76
	60
	63
	107

	Chloride
	mg/L
	16.6
	3.9
	3.9
	3.6
	3.9
	16.6

	Fluoride
	mg/L
	3.3
	0.5
	0.5
	0.5
	1.1
	3.3

	Hardness
	mg/L
	404
	320
	255
	221
	398
	404

	Magnesium
	mg/L
	54
	15
	15
	17
	55
	55

	Potassium
	mg/L
	10.3
	8.2
	6.8
	6.3
	21.1
	21.1

	Sodium
	mg/L
	64
	33
	29
	25
	26
	64

	Sulfate
	mg/L
	188
	212
	171
	149
	174
	241

	Metals – Total
	

	Aluminum
	µg/L
	157
	144
	158
	176
	78
	176

	Antimony
	µg/L
	5.4
	10.5
	7.7
	6.9
	1.2
	11.1

	Arsenic
	µg/L
	6.8
	9.2
	7.7
	7.3
	27.8
	27.8

	Barium
	µg/L
	19
	33
	27
	23
	19
	36

	Beryllium
	µg/L
	0.3
	0.5
	0.4
	0.4
	1.3
	1.3

	Boron
	µg/L
	71
	127
	105
	95
	148
	148

	Cadmium
	µg/L
	0.3
	0.7
	0.6
	0.5
	1.2
	1.2

	Cobalt
	µg/L
	1.4
	1.5
	1.7
	2.0
	2.7
	2.7

	Copper
	µg/L
	5.1
	6.2
	7.6
	10.0
	14.0
	14.0

	Iron
	mg/L
	227
	343
	467
	569
	98
	569

	Lead
	µg/L
	0.6
	2.6
	2.5
	2.1
	1.0
	3.4

	Manganese
	µg/L
	76
	74
	71
	67
	140
	140

	Nickel
	µg/L
	16
	24
	21
	23
	6
	25

	Selenium
	µg/L
	0.8
	1.4
	1.3
	1.2
	3.3
	3.3

	Silver
	µg/L
	0.2
	0.5
	0.4
	0.3
	1.2
	1.2

	Thallium
	µg/L
	0.4
	0.7
	0.6
	0.5
	0.1
	0.8

	Zinc
	µg/L
	15
	59
	63
	58
	13
	79


Source: Modified from Table 4-5, RS74B, Barr 2008.

1
Water quality predictions for Years 1 through 6 are the same for each year as this reflects residual LTVSMC tailings seepage water quality.  It is estimated that it will take over 6 years for NorthMet tailings seepage to reach the toe of the Tailings Basin.

A two-step modeling approach was used for evaluating Project effects on groundwater quality, including both steady state and transient flow modeling (Table 4.1-47), both of which use the predicted seepage water quality at the toe of the Tailings Basin (Table 4.1-46) as the initial water quality condition prior to transport.  The initial steady state flow modeling was used as a “screening level model” to determine the dissolved constituents of concern at the Tailings Basin.  The steady state model conservatively assumed only advection and dispersion using the maximum predicted Tailings Basin seepage rates and concentrations, and did not assume any sorption.  If the dissolved constituents being evaluated were not predicted to exceed groundwater evaluation criteria under these assumptions, those constituents were not carried forward to the next phase of modeling.  More detailed transient modeling was conducted for those constituents that showed potential exceedances of groundwater evaluation criteria using the steady state model.  Because of the heightened concern regarding sulfate concentration as it relates to mercury and wild rice, sulfate was carried forward to the next phase of modeling regardless of the steady state model results. 

Table 4.1-47 
Steady State and Transient Flow Model Inputs and Assumptions

	Evaluation Points
	Property boundary, first residential well, and the Embarrass River (see Figure 3-2, Barr, 2008)

	Evaluation Criteria
	Primary and secondary USEPA drinking water standards and Minnesota Health Risk Limits (see Table 4.1-4)

	Sources Evaluated
	Seepage from northern edge of the Tailings Basin (Cell 2E only, Cell 2W not included) towards the Embarrass River

	Dispersion Coefficients
	Dx(ft)
	Dz(ft)
	Dx(m)
	Dz(m)

	
	63
	3.15
	19.2
	0.96

	Source Flow Inputs
	Known elevations of Plant Site and Embarrass River along flowpath.

	
	Maximum predicted seepage rates from Cell 2E from Table 8-7 in RS74B  (Barr 2008) used for steady-state screening model.  Transient flow rates used for 11 stress periods: years 1-2, 3-4, 5-6, 7-8, 9-10, 11-12, 13-14, 15-16, 17-18, 19-20, 21-2000.

	
	Recharge from precipitation was set at 1.5 inches per year as used in the calibrated Mine Site model.

	Source Concentrations
	Maximum predicted seepage concentrations from Cell 2E (Table 5-2 in Barr, 2008) used for steady-state screening model.  Transient concentrations used for above 11 stress periods given in Table 5-2 in Barr, 2008.  

	Background Concentrations
	Median groundwater concentrations determined in RS74B (Barr, 2008), from Regional Copper Nickel Study (Siegel and Ericson, 1980 or from groundwater data collected for the Embarrass River watershed (MPCA, 1999), given in Table 4-1 in Barr, 2008.

	Model Cell Dimensions
	Δx – 25 meters

Δy – 10 meters

Δz – surficial deposits – 1 meter

The model consists of 5 layers simulating an average thickness of 5 m of surficial deposits.

	Hydraulic Conductivity
	Values were based on those used in the Plant Site MODFLOW in RS13 and RS13B(Barr 2008)

	
	Highest values were used to evaluate worst-case scenario (highest values cause less mixing resulting in higher predicted solute concentrations, Kx = Kz)

	
	
	Kx
	Kx

	
	Surficial deposits
	65.6 ft/day
	20 m/day

	Concentration Caps
	Maximum equilibrium concentration of about 400 µg/L dissolved aluminum was used (SRK, June 23, 2009)

	Sorption
	Transient cross-sectional models were run both with and without any solute sorption.  Linear sorption is modeled with a partition coefficient (Kd) that relates the concentration of a sorbed constituent to the concentration of the constituent in solution.  Arsenic Kd =25.


Source: Modified from Table 6-4 in RS74A, Barr 2008; Barr 2008, Plant Site Groundwater Impacts Predictions

A transient flow model was used to predict groundwater concentrations at three evaluation points along the flow path (Figure 4.1-24):

· The property boundary (approximately 3,770 feet from the toe of the Tailings Basin embankment); 

· The closest domestic well downgradient of the Tailings Basin (approximately 8,450 feet from the toe of the Tailings Basin embankment); and 

· The Embarrass River (approximately 15,500 feet from the toe of the Tailings Basin embankment).  

Steady State Flow Model Results

The steady state flow model predicted the quality of seepage leaving the toe of Cell 2E embankment and flowing north for selected operational years and during Closure.  These simulations included only advection and dispersion using the maximum predicted Tailings Basin seepage rate (from Year 20) and the maximum predicted seepage concentrations (typically from Closure).  In the steady state flow model, the only mechanism for reduction of solute concentrations prior to reaching the Partridge River would be mixing with recharge from precipitation; sorption was not considered.  

The steady state flow model identified aluminum, antimony, arsenic, fluoride, iron, manganese, and sulfate as having the potential to exceed groundwater evaluation criteria.  Predicted beryllium and thallium concentrations exceed evaluation criteria in the steady state flow simulations, but these parameters were affected by the use of analytical data with detection limits above the evaluation criteria, which resulted in scale-up issues and unrealistically high predictions.  Therefore, these parameters were not included in the transient modeling (Barr 2008, Plant Site Groundwater Impacts Predictions). 

Transient Flow Model Predictions for Groundwater Downgradient from the Tailings Basin

As mentioned above, the initial steady state modeling identified seven constituents that potentially could exceed groundwater evaluation criteria, which were then subjected to more detailed analysis using transient flow modeling.  

The transient model estimated water quality downgradient from the Tailings Basin both with and without sorption as at the Mine Site.  Similar to the Mine Site, PolyMet conducted site specific sorption testing at the Tailings Basin to validate their proposed use of USEPA screening level values.  The sorption testing found that the site specific sorption values exceeded the low range of the USEPA screening values for all parameters except antimony (Table 4.1-48).  As we discussed in our evaluation of the waste rock stockpile seepage, the site specific sorption results are compelling enough for us to feel comfortable accepting the low end of the USEPA screening level values, except for antimony.  

For antimony, the site specific sorption testing resulted in an average Kd value of 10.4.  This value is considerably less than the low end of the USEPA screening levels (Kd = 45), and, in addition, the agencies raised some concerns regarding the procedures used for the sorption testing (Blaha 2009).  Therefore, we are uncomfortable using either the USEPA screening level value or the average site specific Kd value.  The site specific sorption testing, however, did indicate that some sorption is occurring.  As a result, a conservatively low Kd value of 2 was found acceptable, which is less than the lowest site specific sorption test result.  In fact, the transient flow modeling results found that sorption did not have to be considered in order for antimony to meet groundwater evaluation criteria. 

Table 4.1-48
Comparison of Site Specific and Literature Sorption Values at the Tailings Basin

	
	Literature Sorption Value
	Site Specific Sorption Values
	

	Parameter
	USEPA Screening Value
	Boring 
RS-22
	Boring 
RS- 24
	Average
	Kd Values Accepted for  Use in Groundwater Modeling

	Antimony
	45
	15.4
	5.5
	10.4
	2

	Arsenic
	25
	>52
	590
	~320
	25

	Copper
	22
	257
	344
	300
	22

	Nickel
	16
	39
	16
	27
	16


Source:
Barr 2009, Technical Memorandum: TB-1 Preliminary Results of Site-Specific Soil Sorption Tests: Tailings Basin Area.

Table 4.1-49 provides a summary of the transient flow modeling results, which shows that only aluminum and manganese are predicted to exceed groundwater evaluation criteria.  The model predicts aluminum (at two evaluation points) to be above the minimum range of the groundwater evaluation criteria, but below the upper range, and manganese (at all three evaluation points) to exceed groundwater evaluation criteria (USEPA secondary MCL).  As discussed in Section 4.1.1.3, USEPA has established secondary MCLs as guidelines to manage aesthetic (e.g., taste, color, and odor) considerations in drinking water, not to protect human health.  These predicted levels of aluminum and manganese would be within the range of ambient groundwater concentrations found in nearby wells (Barr 2009, Technical Memorandum: Results of Residential Well Sampling North of LTVSMC Tailings Basin).  

Table 4.1-49
Summary of Maximum Concentrations Predicted Using Transient Flow Modeling at the Tailings Basin

	
	
	
	Predicted Maximum Concentration 
(with sorption)
	
	

	Solute
	Unit
	Groundwater Evaluation Criteria
	Property Boundary Location
	Residential Well Evaluation Location
	Embarrass River Evaluation Location
	Period Exceeding Groundwater Criteria

(Mine Years)
	Predicted Maximum Concentration

(no sorption)

Prop boundary

	Aluminum
	µg/L
	50 - 200
	77
	62
	43
	~60 - >500
	77

	Antimony
	µg/L
	6.0
	3.4
	2.8
	1.9
	NA
	3.4

	Arsenic
	µg/L
	10
	3.0
	3.0
	3.0
	NA
	20

	Fluoride
	mg/L
	2.0
	0.9
	0.7
	0.6
	NA
	0.9

	Iron
	µg/L
	300
	167
	127
	71
	NA
	167

	Manganese
	µg/L
	50
	192
	193
	193
	~1 - >500
	192

	Sulfate
	mg/L
	250
	122
	96
	61
	NA
	122


Source: Table 4-6, Barr 2009, Technical Memorandum: TB-14 Plant Site Groundwater Impacts Predictions.

Notes: Bold values exceed groundwater evaluation criteria

Sulfate concentrations are predicted to remain below the groundwater evaluation criterion for sulfate (250 mg/L) at all evaluation locations.  The effects of this predicted sulfate loading on surface water quality in the Embarrass River (142 mg/L) are discussed in the following “Surface Water Resources” section, but the predicted sulfate concentrations should not result in any significant adverse effects on groundwater quality.  

Conclusions

Based on the results of the deterministic modeling, the Project would have relatively little adverse effect on groundwater quality downgradient of the Tailings Basin.  Predicted aluminum and manganese concentrations, although above USEPA secondary MCLs, would be within the range of natural background concentrations for the area, within the range of concentrations found at nearby residential wells, and would not pose a risk to human health. 

No Uncertainty Analysis was conducted to evaluate the effects of the Proposed Action on groundwater downgradient of the Tailings Basin.  There are, however, several key assumptions in the deterministic model that may warrant further evaluation, possibly using Uncertainty Analysis.  These assumptions include:

· Lack of segregation of tailings as they are spigoted into the Tailings Basin;

· Lack of interactions of seepage with the underlying LTVSMC tailings; 

· Tailings beach width as it relates to geotechnical stability; and

· Use of an average tailings sulfur content of 0.13%.

Surface Water Resources

This section discusses Project effects on hydrology (i.e., surface water flows and lake levels) and surface water quality in the Project area.

Effects on Surface Water Flows and Lake Levels

Evaluation Methodology

The XP-SWMM model (USEPA 2007) and the MODFLOW model (McDonald and Harbaugh 1988, Harbaugh et al. 2000) were separately used to predict potential impacts on Partridge River flows.  The flow results from the modeling with XP-SWMM were corrected to incorporate the separate MODFLOW model predictions of the effects of mine pit dewatering on Partridge River flows (Barr, RS73A and B, 2008).  Predictions of Partridge River flow impacts were made at the following seven locations, as displayed in Figure 4.1-7:

· Station SW-001 is located on the North Branch of the Partridge River upstream of all Mine Site facilities, but downstream of the Peter Mitchell Pit discharge with a drainage area of 6.2 mi2;  

· Station SW-002 is located on the North Branch of the Partridge River northeast of the Mine Site with a drainage area of 13.3 mi2;

· Station SW-003 is located on the North Branch of the Partridge River east of the Mine Site with a drainage area of 15.2 mi2;

· Station SW-004 is located on the North Branch of the Partridge River immediately upstream of the confluence with the South Branch, but downstream of 64 percent of the proposed Mine Site facilities with a drainage area of 23.0 mi2;

· Station SW-004a is located on the Partridge River immediately downstream of the confluence of the North and South branches, and downstream of 99 percent of the proposed Mine Site facilities with a drainage area of 54.1 mi2;

· Station SW-005 is located on the Partridge River at a railway crossing, and downstream of 100 percent of the proposed Mine Site facilities with a drainage area of 98.7 mi2; and

· USGS Gaging Station #04015475 is located on the Partridge River upstream of Colby Lake with a drainage area of 103.4 mi2.

Table 4.1-50 summarizes the primary input assumptions for the XP-SWMM model.

Table 4.1-50
XP-SWMM Model Primary Assumptions/Inputs for the Partridge River

	
	Value and notes
	Source/Description

	Surface water flow data from USGS gages
	Daily data sets, average flow computed is 88 cfs at Hoyt Lakes gaging station
	USGS 04015475 – Partridge River above Colby Lake at Hoyt Lakes, 9/19/78 – 11/2/88

USGS 04015455 – South Branch Partridge River Near Babbitt 6/1/77 – 11/5/80

	Mean annual precipitation
	29.2 in
	Combined from National Weather Service data

	24-hour precipitation events
	
	2 year
2.31 inches

5 year
2.88 inches

10 year
3.36 inches

25 year
4.08 inches

50 year
4.64 inches

100 year
5.20 inches

	Evaporation
	20.8 in
	PolyMet combined estimates from Siegel and Ericson (1980) and Meyer (1942)

	Runoff/Precipitation ratio
	0.43 (average)
	Baker et al (1979)

	Computational locations (nodes) 
	Eight locations: SW-001, SW-002, SW-003, SW-004, SW-004a, SW-005, and USGS 04015475, and Colby Lake
	

	Digital elevation model
	Vertical error = 2 ft
	DEM

	Hydrological conditions simulated
	Snowmelt base temperature=38ºF

5.2 in

6.2 in
	Snowmelt (100-yr, 10 day)

100-yr, 24-hr

500-yr, 24-hr

	Percent wetland in catchment
	43%
	1992 GAP Analysis, MnDNR

	Development stages simulated
	
	Current conditions, including discharges from Peter Mitchell Pit

Years 1, 5, 10, 15, 20, Closure, and Post-Closure year

	Flow scenarios
	Wet condition
Average condition

Dry condition
	Flow resulting from 10-year 24-hour storm

Average annual flow

Average 30-day low flow

	Modified parameters
	ESRI GIS

Area weighted from ESRI GIS

Digitized average ESRI GIS

Area weighted averages

From soil types
	Catchment areas

Subwatershed slopes

Subwatershed widths

Impervious percentages

Infiltration parameters


Source:  RS74A, Barr 2008

As discussed in Section 4.1.1.3, there are limited flow data available for the Partridge River and it has been affected by mining operations (e.g., Peter Mitchell Mine pit dewatering) that complicate the interpretation of the flow record and the calibration of the XP-SWMM model.  The model was calibrated using flow data for Water Year (WY) 1984 at the USGS gaging station above Colby Lake and validated using “goodness-of-fit” measurements (i.e., deviation of volume runoff and coefficient of efficiency for the entire period of simulation [1978-1987], which showed a reasonable degree of success).  These measurements, however, are not an appropriate measure of model performance during periods of low flow as they tend to be dominated by large flow events.  Therefore, another statistical measure (i.e., root mean square error, or RMSE) was used (RS73A, Barr 2008).  Although no references on acceptable ranges were found, Barr suggests values that would represent a discrepancy between observed and modeled flows of less than 0.10 inches in runoff over the 30-day period.  Using this metric, seven out of the 10 years modeled were found acceptable, with an overall RMSE for the entire period equating to a discrepancy between observed and modeled flows of 0.06 inches in runoff over the 30-day period of low flow.  

In order to assess the representativeness of the 1978-1987 period of simulation, we compared precipitation occurring during this period with the 112-year period of record (1896-2008) for Northeast Minnesota available from the National Climatic Data Center (www.ncdc.noaa.gov/oa/climate/climatedata.html) as a surrogate for the relatively short 10-year period of flow records for the Partridge River.  The data show that the 1978-1987 period included a few very wet years, several fairly average years, a relatively dry year, but no very dry years. Therefore, there is higher uncertainty regarding the models predictions of dry extremes.

Effects on the Upper Partridge River

The Project would affect the Upper Partridge River by reducing flows, which in turn could affect river morphology, as well as impacting a portion of the Partridge River 100-year floodplain.  These potential effects are evaluated below.

Tribal cooperating agencies note that little or no baseline data was collected to develop the modeling described in this document. Therefore, it is the tribal cooperating agencies’ position that the model results cannot be used with confidence and do not allow an adequate assessment of environmental impacts.

Effects on Upper Partridge River Flows

The Project could affect flow in the Upper Partridge River in three primary ways:

· Collecting and redirecting surface runoff from the Mine Site – PolyMet proposes to collect the drainage from all mine facilities (e.g., rock stockpiles, access roads, and other areas where drainage may contact reactive rock) and redirect it for reuse as process water at the Plant Site.  These mine facilities increase in size during the life of the mine from approximately 1.1 square miles at the end of Year 1 to approximately 2.4 square miles by the end of Year 20 as more area is needed for stockpiles and the mine pits enlarge.  The percent of the Partridge River watershed represented by these mine facilities increases from 3.4% at SW-002 to a maximum of 6.5% at SW-004, and then decreases approximately 2.6% at the USGS gage above Colby Lake (Table 4.1-51).  This mine facility drainage is effectively removed from the drainage area of the Partridge River and is ultimately lost as seepage to the Embarrass River from the Tailings Basin or as evaporation for the first 12 years of mine operations.  This loss of drainage area represents the greatest Project effect on flow in the Partridge River.

· Reducing the groundwater contribution to river flow by dewatering activities in the mine pits – PolyMet estimates the reduction in average groundwater inflow to the Partridge River as varying over mine years and location, but reaching a maximum of only 0.16 cfs during Year 20 (Table 4.1-52).  This estimate uses the 30-day low flow as a proxy for groundwater contribution to the Partridge River during low flow periods.  We would expect the reduction in groundwater contributions during average flow conditions to be about 50% higher (or about 0.24 cfs), based on the ratio of average and low flow groundwater contributions at SW-004 (1.43 cfs: 0.99 cfs).  In either case, the reduction in the groundwater contribution to river flow would be modest and consistent with our expectation that the reduction would be significantly less than the maximum rate of groundwater inflow to the mine pits (i.e., 1,140 gpm, or 2.54 cfs).  

· Altering land cover – would primarily impact drainage and flows in the Partridge River after Closure as forest and wetlands would be replaced with mine pits and vegetated stockpiles.  The hydrologic effects of altering land cover during Project operation are captured in the first bullet above.

The XP-SWMM model was used to predict Partridge River flow at the seven evaluation locations at various times during mining (Years 1, 5, 10, 15, 20, as well as the “Mine Facilities Off” scenario, a hypothetical high impact scenario reflecting larger than planned impact areas and referred to herein as the high impact scenario) for a 10-year period (WY 1978-1987).  The analysis of Project effects on Partridge River flows in this EIS focuses on the following:

· Location - SW-004 is the location where the maximum impact on flow occurs (Table 4.1-51).  The modeling results suggest that the impact of these reduced base flows is reduced downstream (SW-004a, SW-005 and USGS gage) by inflow from the South Branch of the Partridge River.  Impacts at Station SW-004a, which includes nearly all of the Mine Site facilities, could be expected to be greater, but it is immediately downstream of the confluence with the unaffected South Branch, which ameliorates the impact.

· Mine Year Scenario – generally the greatest impact on flow would occur during Year 20 when the footprint of the mine facilities would be near its maximum, reclamation of the stockpiles would be still underway, and the West Pit would be reaching its deepest elevation (Table 4.1-51).  However, the hypothetical high impact scenario shows the greatest potential impacts and is used for purposes of this analysis.

· Model Year - Since the principal effect of the Project is a reduction in flow, low flow periods would be especially critical.  Therefore, the analysis focuses on WY 1979, which generally had the lowest flows of the 10-year period modeled.

Table 4.1-51
Tributary Areas and Percent Reductions (% Red) With Respect to Existing Conditions at Locations in the Partridge River for Different Stages of Mine Site Development

	Location
	Existing Conditions
	Year 1
	Year 5
	Year 10
	Year 15
	Year 20
	High Impact Scenario

	
	Area (mi2)
	% Red.
	Area (mi2)
	% Red.
	Area (mi2)
	% Red.
	Area (mi2)
	% Red.
	Area (mi2)
	% Red.
	Area (mi2)
	% Red.
	Area (mi2)
	% Red.

	SW-001
	6.22
	0.0
	6.22
	0.0
	6.22
	0.0
	6.22
	0.0
	6.22
	0.0
	6.22
	0.0
	6.22
	0.0

	SW-002
	13.30
	0.0
	12.93
	2.8
	12.89
	3.1
	12.85
	3.4
	12.85
	3.4
	12.85
	3.4
	12.85
	3.4

	SW-003
	15.16
	0.0
	14.81
	2.3
	14.74
	2.8
	14.64
	3.4
	14.65
	3.4
	14.65
	3.3
	14.64
	3.4

	SW-004
	23.01
	0.0
	21.98
	4.5
	21.78
	5.4
	21.61
	6.1
	21.51
	6.5
	21.52
	6.5
	21.50
	6.6

	SW-004a
	54.14
	0.0
	52.70
	2.7
	52.08
	3.8
	51.63
	4.6
	51.44
	5.0
	51.40
	5.1
	51.42
	5.0

	SW-005
	98.72
	0.0
	97.28
	1.5
	96.67
	2.1
	96.20
	2.6
	96.01
	2.7
	96.02
	2.7
	95.99
	2.8

	USGS Gage
	103.10
	0.0
	101.95
	1.4
	101.34
	2.0
	100.87
	2.4
	100.69
	2.6
	100.70
	2.6
	100.67
	2.6


Source: Table 1, RS73B, Barr 2008.

Table 4.1-52
Reduction in Baseflow from Existing Conditions in Partridge River

	
	Baseflow (cfs)

	Mine Year
	SW-001
	SW-002
	SW-003
	SW-004
	SW-004a
	SW-005
	USGS Gage
	Colby Lake

	Year 1
	0.00
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02
	-0.02

	Year 5
	0.00
	-0.04
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05
	-0.05

	Year 10
	0.00
	-0.07
	-0.08
	-0.09
	-0.09
	-0.09
	-0.09
	-0.09

	Year 15
	0.00
	-0.08
	-0.08
	-0.09
	-0.09
	-0.09
	-0.09
	-0.09

	Year 20
	0.00
	-0.12
	-0.13
	-0.15
	-0.16
	-0.16
	-0.16
	-0.16

	Closure
	0.00
	-0.12
	-0.13
	-0.15
	-0.16
	-0.16
	-0.16
	-0.16

	Post-Closure
	0.00
	-0.11
	-0.12
	-0.12
	-0.13
	-0.13
	-0.13
	-0.13


Source: Appendix A, Table 2-1, RS73B, Barr 2008.

The effects of the Project on flow in the Partridge River were evaluated using the Richter range of variability approach (Table 4.1-53).  As indicated above, the largest reduction in flows (in terms of percent) would occur at SW-004, which ranged from 8 to 27% by month during the driest year modeled, but represent only 0.3 to 2.1 cfs in terms of absolute flows.  The largest reduction in absolute flows would occur at, and continue downstream of, SW-005 (up to 4.4 cfs), which is downstream of all Project effects, but would only represent 3 to 9% of flow by month during the driest year modeled.  Downstream of the confluence with the South Branch of the Partridge River (including locations SW-004A, SW-005, and the USGS gaging station above Colby Lake), Project effects (in terms of percent reduction in flow) would be significantly reduced.  In many cases, the large predicted monthly percent reduction in flows involve very small reductions in actual flow (e.g., < 1.0 cfs), which typically occur during the winter (i.e., December through March) when most precipitation is snow and little or no runoff occurs, and during summer droughts.  This predicted reduction in flow is often so small that it may not be accurately measurable.

The predicted change in minimum and maximum extreme flows (1-day, 7-day, 30-day, and 90-day) indicate larger percent reductions in minimum flows (over 20% at SW-004) than maximum flows (12% or less at SW-004); but much larger absolute reductions during maximum flow (ranging from 2 to 17 cfs at SW-004) than minimum flows (less than 0.3 cfs at SW-004).  The Project would have little effect on the number and duration of high and low pulses.

After Mine Closure, flows would be expected to increase, but would not approach pre-mining levels until the West Pit overflows, which is predicted to occur around Years 65.  Even then, the natural hydrology of the Upper Partridge River (upstream of Colby Lake) would still be affected as precipitation, limited surface runoff, and groundwater seepage into the mine pits (collectively averaging about 2.6 cfs per year) would be converted to a surface water discharge several miles downstream (Figure 4.1-20) than where it would occur otherwise.  Further, as discussed in Section 4.1.3.1 (Effects on Groundwater Levels), there would be a net lowering of the surficial aquifer of approximately 10 to 20 feet around the East and West pits, respectively, because of the pit outlet control structure elevations.  This lowering of the water table would be expected to result in a small reduction in base flows to the Upper Partridge River.  Overall these effects are expected to be minor as the base flow in the Partridge River is naturally low (i.e., often less than 2 cfs during the winter and during summer dry periods).

Tribal cooperators strongly disagree with the conclusions in this section. The available data does not support these conclusions.

Effects on Partridge River Morphology

River morphology is primarily influenced by large flows (i.e., 1.5-year recurrence interval or larger flows).  In order to assess Project effects on river morphology, we evaluated reductions in the maximum annual one day flows for the 10 years modeled (i.e. 1978 – 1987) at location SW-004 (monitoring station with the largest Project effect on flows), for Year 15 (maximum impact on flows during Project operations) and the high impact scenario (reflecting larger than planned impact areas).  At this location for these mine years, the Project is predicted to result in less than a 10% reduction in Partridge River annual maximum one day flows (Table 4.1-54).  

Table 4.1-53
Partridge River Flows – Hypothetical High Impact Scenario – 1979 Model Year

	
	
	
	SW-002
	
	
	SW-003
	
	
	SW-004
	
	
	SW-004a
	
	
	SW-005
	
	
	USGS
	

	Statistic
	unit
	Existing
	Predict.
	% change
	Existing
	Predict.
	% change
	Existing
	Predict.
	% change
	Existing
	Predict.
	% change
	Existing
	Predict.
	% change
	Existing
	Predict.
	% change

	Mean Oct flow
	cfs
	3.4
	3.1
	-8.8
	4.9
	4.4
	-10.2
	6.1
	5.0
	-18
	17.6
	15.4
	-12.5
	19.9
	19.0
	-4.5
	24.0
	23.1
	-3.8

	Mean Nov flow
	cfs
	13.1
	12.3
	-6.1
	14.6
	13.7
	-6.2
	26.1
	24.0
	-8.1
	60.1
	57.1
	-5
	129.1
	124.7
	-3.4
	132.9
	128.6
	-3.2

	Mean Dec flow
	cfs
	2.1
	1.9
	-9.5
	2.2
	2.0
	-9.1
	3
	2.6
	-13.3
	5.1
	4.6
	-9.8
	10.4
	9.9
	-4.8
	10.7
	10.2
	-4.7

	Mean Jan flow
	cfs
	1.2
	1.0
	-16.7
	1.4
	1.1
	-21.4
	1.9
	1.5
	-21.1
	3.7
	3.2
	-13.5
	7.0
	6.5
	-7.1
	7.3
	6.8
	-6.8

	Mean Feb flow
	cfs
	1.0
	0.8
	-20
	1.1
	0.9
	-18.1
	1.7
	1.3
	-23.5
	3.5
	3.0
	-14.3
	6.5
	6.0
	-7.7
	6.8
	6.3
	-7.4

	Mean March flow
	cfs
	3.0
	2.8
	-6.7
	3.9
	3.6
	-7.7
	5.3
	4.5
	-15.1
	12.6
	11.2
	-11.1
	16.3
	15.5
	-4.9
	18.3
	17.5
	-4.4

	Mean April flow
	cfs
	12.9
	12.2
	-5.4
	14.5
	13.7
	-5.5
	23.3
	21.5
	-7.7
	52.3
	49.4
	-5.5
	105.6
	102.1
	-3.3
	109.7
	106.2
	-3.2

	Mean May flow
	cfs
	0.8
	0.6
	-25
	0.9
	0.7
	-22.2
	1.2
	1.0
	-16.7
	2.5
	2.3
	-8
	4.9
	4.7
	-4.1
	5.3
	5.0
	-5.7

	Mean June flow
	cfs
	0.9
	0.7
	-22.2
	1.1
	0.8
	-27.2
	1.4
	1.1
	-21.4
	3.7
	3.1
	-16.2
	6.7
	6.1
	-9
	7.5
	6.9
	-7.6

	Mean July flow
	cfs
	0.6
	0.5
	-16.7
	0.7
	0.6
	-14.3
	1.1
	0.8
	-27.2
	2.7
	2.4
	-11.1
	5.4
	5.1
	-5.6
	6.0
	5.7
	-5

	Mean Aug flow
	cfs
	1.5
	1.3
	-13.3
	1.7
	1.4
	-17.6
	2.1
	1.6
	-23.8
	5.4
	4.7
	-12.7
	8.5
	8.0
	-5.9
	9.9
	9.3
	-6.7

	Mean Sept flow
	cfs
	5.9
	5.4
	-8.5
	7.2
	6.6
	-8.3
	12.1
	10.7
	-11.6
	29.1
	26.9
	-7.6
	54.7
	52.5
	-4
	58.0
	55.7
	-4

	Max 1 day flow
	cfs
	72.8
	67.9
	-6.7
	84.9
	79.4
	-6.5
	140.4
	123.2
	-12.3
	396.5
	368.5
	-7.1
	571.5
	536.9
	-6.1
	587.1
	552.4
	-5.9

	Max 3 day flow
	cfs
	60.6
	56.8
	-6.3
	75.0
	70.6
	-5.9
	123.2
	111.4
	-9.7
	329.1
	304.0
	-7.6
	526.0
	503.5
	-4.5
	537.3
	514.6
	-4.2

	Max 7 day flow
	cfs
	40.2
	37.7
	-6.2
	50.0
	47.2
	-5.6
	87.7
	79.2
	-9.7
	222.7
	209.0
	-6.2
	400.8
	386.0
	-3.7
	420.0
	405.3
	-3.5

	Max 30 day flow
	cfs
	15.2
	14.3
	-5.9
	17.9
	16.9
	-5.6
	29.7
	27.1
	-8.8
	71
	66.5
	-6.3
	135.5
	131.0
	-3.3
	142.5
	138.0
	-3.2

	Max 90 day flow
	cfs
	6.4
	5.9
	-7.8
	7.4
	6.9
	-6.8
	11.9
	10.7
	-10.1
	27.9
	26.0
	-6.8
	53.5
	51.6
	-3.6
	56.3
	54.4
	-3.4

	Min 1 day flow
	cfs
	0.22
	0.17
	-22.7
	0.29
	0.23
	-20.70
	0.41
	0.32
	-22.00
	1.01
	0.91
	-9.90
	2.14
	2.02
	-5.6
	2.36
	2.24
	-5.1

	Min 3 day flow
	cfs
	0.22
	0.17
	-22.7
	0.29
	0.23
	-20.70
	0.41
	0.32
	-22.00
	1.01
	0.91
	-9.90
	2.14
	2.02
	-5.6
	2.36
	2.25
	-4.7

	Min 7 day flow
	cfs
	0.24
	0.19
	-20.8
	0.31
	0.25
	-19.30
	0.45
	0.35
	-22.20
	1.09
	0.98
	-10.10
	2.45
	2.31
	-5.7
	2.67
	2.54
	-4.9

	Min 30 day flow
	cfs
	0.52
	0.40
	-23.1
	0.63
	0.49
	-22.20
	0.87
	0.68
	-21.80
	2.24
	2.01
	-10.30
	4.37
	4.12
	-5.7
	4.90
	4.66
	-4.9

	Min 90 day flow
	cfs
	0.68
	0.53
	-22.1
	0.81
	0.64
	-21.00
	1.12
	0.88
	-21.40
	2.83
	2.54
	-10.20
	5.38
	5.08
	-5.6
	6.00
	5.71
	-4.8

	Min 7-day flow/mean annual flow
	cfs
	0.063
	0.054
	-14.3
	0.070
	0.060
	-14.3
	0.064
	0.056
	-12.50
	0.066
	0.065
	-1.50
	0.079
	0.078
	-1.3
	0.082
	0.081
	-1.2

	# of high pulses
	#/year
	6
	6
	0.00
	5
	5
	0.00
	5
	5
	0.00
	7
	7
	0.00
	5
	5
	0
	5
	4
	-20

	# of low pulses
	#/year
	14
	14
	0.00
	15
	15
	0.00
	8
	9
	12.50
	11
	11
	0.00
	11
	11
	0
	11
	12
	9

	Mean HP duration
	days
	9
	9
	0.00
	10.6
	10.4
	-1.90
	10.60
	10.40
	-1.90
	7.9
	7.7
	-2.50
	10.4
	10.4
	0
	10.6
	12.8
	20.8

	Mean LP duration
	days
	6.7
	6.7
	0.00
	6.1
	6.2
	1.60
	14.30
	12.60
	-11.90
	11
	11
	0.00
	11.9
	11.9
	0
	11.6
	10.9
	-6


Source:  RS73A, Barr 2008.

Table 4.1-54
Project-related Reduction in Annual Maximum One Day Flows at SW-004 in the Partridge River

	Year
	Existing Flows
(cfs)
	Year 15 Flow
(cfs)
	Change
in Flow (cfs)
	Change
in Flow
(%)
	High Impact Scenario
(cfs)
	Change
in Flow
(cfs)
	Change
in Flow
(%)

	1978
	283.4
	259.2
	24.2
	8.5%
	258.6
	24.8
	8.8%

	1979
	140.4
	123.6
	16.8
	12.0%
	123.2
	17.2
	12.3%

	1980
	142.4
	131.9
	10.5
	7.4%
	131.6
	10.8
	7.6%

	1981
	217.9
	195.0
	22.9
	10.5%
	194.5
	23.4
	10.7%

	1982
	232.5
	211.8
	20.7
	8.9%
	211.3
	21.2
	9.1%

	1983
	242.7
	220.0
	22.7
	9.4%
	219.5
	23.2
	9.6%

	1984
	173.8
	156.7
	17.1
	9.8%
	156.3
	17.5
	10.0%

	1985
	240.9
	220.3
	20.6
	8.6%
	219.9
	21.0
	8.7%

	1986
	225.0
	199.7
	25.3
	11.2%
	199.1
	25.9
	11.5%

	1987
	165.4
	148.1
	17.3
	10.5%
	147.7
	17.7
	10.7%

	Average
	
	
	19.8
	9.7%
	
	20.3
	9.9%


Source:  Appendix A - Table 4, RS73B Barr 2008

This reduction in flow and presumably velocity could increase deposition of fine sediments in the stream channel.  The data, however, also indicate that the reduction in flow is proportionately less for the larger modeled flows (only 8.8% for the largest flow in 1978) and would presumably be even less for even larger flow events (e.g., 25-year flood).  Further, this reduction in flow would be well within the natural range of maximum annual flow variability, which exceeded 100% for just this 10-year modeled period.  Therefore, any sediment deposition that may occur would likely only be temporary and would be flushed when larger storms occurred.  No other significant effects on river morphology would be expected.

It is the tribal cooperating agencies’ position that the available data do not support the conclusions presented in this section. The impacts predicted by technical reports (RS73B) to the Partridge River are primarily reduction in base flow due to mine pit dewatering and those impacts are predicted by the MODFLOW model. MODFLOW modeling in (RS22-Appen.B) forms the foundation for the predicted impacts.  The MODFLOW model (RS22 Appen.B) is not calibrated to a data set representative of the area and predicts fluxes to the Partridge River based an a non-unique solution. A differently formulated and calibrated MODFLOW model could predict much higher inflow to the PolyMet pits and therefore, show greater impacts to stream baseflow

The surface water model (SWMM) used for predicting impacts is calibrated to Partridge River flows from 1978 to 1988, seventeen mines downriver of the mine site. During the period of record, the Peter Mitchell pits were dewatered with unknown effects on the river flow data. According to technical documents (RS73A, page 21) the flow record at the Partridge River gage above Colby Lake (USGS #04015475) may have been impacted by mine discharges on the north branch. The monthly average flow recorded at this gaging station during 1978-1988 varied between a minimum of 1.3 cubic feet per second and a maximum of  454 cubic feet per second. The discharges from the Peter Mitchell Pit could account for up to 34 cubic feet per second. Since the timing, duration and location of mining discharges may be different now than during 1978-1988, the present hydrologic regime of the Partridge River may not be well represented by the period of record at USGS #04015475.

The other potential geomorphic effect of the Project would be at the outfall of the West Pit (Figure 4.1-20).  The annual average overflow from the West Pit is estimated at approximately 2.6 cfs, with 10-year and 100-year peak flows of 14 and 33 cfs (Appendix F, RS74A, Barr 2008).  PolyMet would form the West Pit outlet channel out of bedrock or cast-in-place a reinforced concrete weir with adequate capacity to pass the 100-year storm flow.  The outlet channel would direct overflows into an existing wetland, which ultimately flows through a culvert (OS-5) under Dunka Road and into the Partridge River.  It is unclear whether overflow velocities would be sufficient to scour a channel through these wetlands.  We recommend that PolyMet either provide engineering calculations showing that this outfall would be stable or provide appropriate energy dissipation or erosion control measures prior to discharge to the wetlands.  

Effects on 100-Year Floodplain

The Project would impact a small area of the 100-year floodplain in the headwaters of the Partridge River.  These impacts, however, would not increase the 100-year flood elevation and, as a result, would not require any Federal Emergency Management Agency or MnDNR flood insurance program permits.  

Effects on Water Levels in Colby Lake and Whitewater Reservoir

Minnesota Power and Cliffs Erie LLC (to be replaced by PolyMet) jointly hold a Water Appropriations Permit that allows for withdrawals of up to 12,000 gpm for any continuous 60-day period and a maximum instantaneous withdrawal rate of 15,000 gpm from Colby Lake, but requires that withdrawals from Colby Lake when it falls below elevation 1,439.0 feet msl be replaced on a gallon for gallon basis with pumping from Whitewater Reservoir.  

PolyMet proposes to withdraw water from Colby Lake for make-up water at the Plant Site during Project operations.  These withdrawals are expected to have an annual average of 3,500 gpm, but would exceed 5,000 gpm about 10 percent of the time and 8,000 gpm about 1 percent of the time.  We evaluate below the effect of these withdrawals on water levels in Colby Lake and Whitewater Reservoir.  Colby Lake and Whitewater Reservoir were modeled for a representative period when no LTVSMC water use occurred (October 1, 2001 to September 30, 2005, which includes two relatively dry years – WY 2003 and 2004) and for three withdrawal scenarios (PolyMet withdrawals of 3,500 gpm, 5,000 gpm, and a Combined High Demand consisting of 8,000 gpm for three months per year and 4,400 gpm for other nine months).  The model assumed transfer of water from Whitewater Reservoir in order to maintain water levels above the critical outflow elevation of 1,438.5 feet at all times in Colby Lake.

Under average flow conditions (Table 4.1-55), Project withdrawals would result in an average water level drawdown from the base case (0 gpm withdrawal) of between 0.01 feet (5,000 gpm withdrawal) and 0.03 feet (3,500 gpm withdrawal) for Colby Lake.  The model indicates that the water levels in Colby Lake would remain above elevation 1,438.5 feet and would actually be below elevation 1,439.0 feet less often than under the base case because of active water level management (i.e., pumping from Whitewater Reservoir).  Water level fluctuations would increase in Whitewater Reservoir as a result of this pumping from 2.85 feet (base case) up to 6.84 feet (5,000 gpm pumping scenario).

Table 4.1-55
Project Effects on Water Levels in Colby Lake and Whitewater Reservoir During Average Flow Conditions

	
	Colby Lake
	Whitewater Reservoir

	Water withdrawal (cfs)
	0
	3,500
	5,000
	CHD
	0
	3,500
	5,000
	CHD

	Average Water Level (feet msl)
	1,439.45
	1,439.42
	1,439.44
	NA
	1,439.33
	1,438.94
	1,438.33
	NA

	Average Drawdown (ft)
	NA
	0.03
	0.01
	NA
	NA
	0.39
	1.00
	NA

	Maximum Annual Fluctuations
	3.90
	3.63
	3.61
	NA
	2.85
	4.22
	6.84
	NA

	% days below el. 1,439.0
	10.5
	9.0
	0.5
	NA
	NA
	NA
	NA
	NA


Source: Table 8, RS73B, Barr 2008.

Notes:  CHD = Combined High Demand; NA = Not Applicable.

Even under 50-year low flow conditions (Table 4.1-56), Project withdrawals would not reduce water level fluctuations and the frequency water elevations would be below elevation 1,439.0 feet at Colby Lake in comparison with the base case because of the active water management.  Water level fluctuations in Whitewater Reservoir would increase from 2.83 feet (base case) up to 9.87 feet (5,000 gpm withdrawal) as a result of the required increased pumpage to maintain water levels in Colby Lake.

Table 4.1-56
Project Effects on Water Levels in Colby Lake and Whitewater Reservoir During 50-Year Low Flow Conditions

	
	Colby Lake
	Whitewater Reservoir

	Water withdrawal (cfs)
	0
	3,500
	5,000
	CHD
	0
	3,500
	5,000
	CHD

	Average Water Level (feet msl)
	1,439.30
	1,439.27
	1,439.31
	1,439.29
	1,439.18
	1,438.46
	1,437.50
	1,437.49

	Average Drawdown (ft)
	0.00
	0.03
	+0.01
	0.01
	0.00
	0.72
	1.68
	1.69

	Maximum Annual Fluctuations
	3.12
	2.93
	3.00
	2.98
	2.83
	5.86
	9.87
	9.74

	% days below el. 1,439.0
	38.5
	31.0
	3.5
	12.5
	NA
	NA
	NA
	NA


Source: Table 10, RS73B, Barr 2008.

Notes:  CHD = Combined High Demand; NA = Not Applicable.

Under either low or average flow conditions, the analysis indicates that sufficient make-up water would be available from Whitewater Reservoir to meet Project water demands while still complying with the Colby Lake water level requirements as established in the Water Appropriation Permit.  PolyMet would be able to maintain water elevations in Colby Lake above the critical 1,438.5 feet and would actually reduce the frequency that Colby Lake would be below elevation 1,439.0 feet because of active water management.  Project effects on water levels in Whitewater Reservoir would be more pronounced with maximum drawdowns of 6.84 feet (average flow conditions) to 9.87 feet (low flow conditions).  Whitewater Reservoir, however, was originally constructed as a water supply source for mining and power generation and water fluctuations of this magnitude would be expected.

Effects on Flow in the Lower Partridge River Downstream of Colby Lake

The Project would reduce flow in the lower four miles of the Partridge River downstream of Colby Lake as a result of the combined effects of Mine Site activities (i.e., collecting and redirecting surface runoff and reducing groundwater contributions, installation of a seepage barrier at the headwaters of Second Creek and pumping collected seepage back to the Tailings Basin during mine operations, and by water withdrawals from Colby Lake for process water at the Plant Site until Year 20.  During an average year, Mine Site activities are predicted to reduce monthly flows by a maximum of about 1.5 cfs at the USGS gage station above Colby Lake, the Second Creek seepage barrier would reduce flow ultimately to the Partridge River by approximately 1.2 cfs (Hinck 2009), and the average water withdrawal from Colby Lake (3,500 gpm) equates to approximately 7.8 cfs, for a total reduction in flow of approximately 10.5 cfs.  Mean annual flow downstream of Colby Lake is estimated at 116.6 cfs (Barr 2009, External Memorandum: Additional information in support of NorthMet DEIS Critical Path Requires Actions); therefore the Project would result in an average 9 percent reduction in flow in the Lower Partridge River.  As discussed above, during low flow conditions, water would be pumped from Whitewater Reservoir to offset PolyMet water withdrawals when water levels in Colby Lake fall below elevation 1,439.0 feet.  The net effect of the Project on flows downstream of Colby Lake would be to reduce average flows and increase the frequency of low flows equating to releases from Colby Lake at elevation 1,439.0 feet.  The Project should have minimal effect on the magnitude or frequency of flow releases from Colby Lake below elevation 1,439.0 feet.  This overall reduction in flow downstream of Colby Lake could affect other mining projects that propose discharges to the Partridge River (e.g., Mesabi Nugget).  

Effects on Flow in the Embarrass River 

The Project would have no surface water discharge to and would not change the drainage area to the Embarrass River (i.e., redirect drainage to or from the watershed).  As a result, detailed hydrologic modeling (e.g. XP-SWMM) was not conducted for the Embarrass River.  Low, average, and high flows were estimated at two locations along the Embarrass River (i.e., PM-12 and PM-13; Figure 4.1-1) based on flow data from USGS gages at Embarrass and near McKinley.  There would be alterations to flows in the Embarrass River, however, due to uncontrolled seepage from the Tailings Basin during Project operations, Closure, and Post-Closure.  Under existing condition, the uncontrolled seepage from the LTVSMC Tailings Basin (Cells 1E/2E) is estimated at approximately 900 gpm (2.0 cfs) (Hinck 2009).

It is the tribal cooperating agencies’ position that there will be surface water discharge to the Embarrass River. Aerial photography and state Public Waters inventory maps indicate that there is currently a direct surface water connection between the northwest corner of cell 2W and the Embarrass River. Aerial photos show that water discharging from the tailings basin follows a natural channel westward, through existing wetlands and intersects a channel that leads directly to the Embarrass River.

During Project operations, unrecoverable PolyMet seepage from the Tailings Basin (Cells 1E/2E) would vary from 1,600 to 2,909 gpm (up to approximately 6.5 cfs) (see Table 4.1-33).  This unrecoverable seepage may not be directly seen in the Embarrass River as a sustained flow because of flow attenuation by the intervening wetlands.  After Closure, the steady-state PolyMet seepage from the Tailings Basin (Cells 1E/2E) would be approximately 490 gpm (1.1 cfs) (Hinck 2009).  This long-term steady state seepage would be approximately 45 percent lower than the current LTVSMC seepage.  The predicted net increase in Tailings Basin seepage to the Embarrass River of approximately 4.5 cfs (6.5 cfs – 2.0 cfs) during mine operations is small (about 6 percent) compared to average annual flows in the Embarrass River (approximately 81.5 cfs at nearby PM-13), not accounting for attenuation by the intervening wetlands.  Similarly, the net decrease in Tailings Basin seepage to the Embarrass River during Closure of approximately 0.9 cfs (2.0 cfs – 1.1 cfs) is again small (about 1 percent) compared to the average flow in the Embarrass River.  Therefore, the Project effects on flow in the Embarrass River are considered negligible.

Effects on Surface Water Quality

The Proposed Action may affect the water quality of the Partridge and Embarrass rivers and their tributaries that drain the Mine Site and Tailings Basin.  PolyMet proposes to treat, reuse, and recycle water, resulting in no surface water discharges until when the West Pit overflows in approximately Year 65.  Nevertheless, several potential pathways for surface water quality impacts remain, including non-contact stormwater runoff; seepage from rock stockpiles liners, the hydrometallurgical waste storage area; the Tailings Basin; and pit lake overflows.  Below, we describe the methodology used in modeling surface water quality and then discuss the predicted effects of the Proposed Action on surface water quality in the Project area.

Evaluation Methodology

Project effects on surface water quality were evaluated using mass balance models linked to the hydrology predictions from the XP-SWMM model.  A mass balance water quality model was developed and calibrated for the Partridge River watershed, including Colby Lake (RS74A, Barr 2008) at seven locations (Figure 4.1-11).  Similarly, a mass balance water quality model was also developed and calibrated for the Embarrass River (RS74B, Barr 2008) at monitoring stations PM-12 (upstream control site) and PM-13 (downstream site) (Figure 4.1-7).  The models predicted water quality for seven time periods (Years 1, 5, 10, 15, 20, Closure, and Post-Closure) during low, average, and high flow conditions.  In most cases, low flows are the critical flow condition for assessing impacts, which is defined for purposes of the surface water modeling as the 30-day low flow.  This flow condition equates to flows that are lower than the 7-day/10-year low flow, or 7Q10, which is the low flow condition used for calculating total maximum daily loads and waste load allocations in Minnesota (Minnesota Rules, part 7052.0200) so this represents a very conservative flow condition.

The models predicted concentrations for 26 parameters (i.e., silver, aluminum, arsenic, boron, barium, beryllium, calcium, cadmium, chloride, cobalt, copper, fluoride, iron, hardness, potassium, magnesium, manganese, sodium, nickel, lead, antimony, selenium, sulfate, thallium, vanadium, and zinc).  Mercury was not included in either model because data for mercury were not available for stockpile liner leakage (RS53/42, SRK 2007) or groundwater recharge from the East and West pits (RS31, SRK 2007).  

Deterministic water quality predictions were computed using the best available flow and chemistry data.  When necessary, conservative assumptions were made (e.g., all the liner leakage/seepage from the Mine Site would reach the Partridge River as groundwater).  In addition, the mass-balance model does not account for possible reductions in loadings resulting from the transport of the solutes to and within the Partridge River.  

Uncertainty Analyses were not conducted for surface water quality because there were fewer variables and unknowns as compared to the groundwater modeling.  However, the results of the waste rock stockpile and pit lake solute loading Uncertainty Analysis was considered in evaluating Project effects on Partridge River water quality.

Wastewater

The Project would generate both domestic wastewater and process wastewater.  PolyMet proposes to manage domestic wastewater by providing portable facilities serviced by a supplier at the Mine Site and continuing use of existing septic systems at various buildings at the Plant Site (e.g., Administration Building, Area 1 and 2 shops, Tailings Basin Reporting Building).  These portable facilities and septic systems should be adequate to manage the domestic wastewater requirements of the Project.

PolyMet proposes a WWTF at the Mine Site that would treat process water (i.e., pit dewatering, drainage from the waste rock/lean ore stockpiles, and runoff from other site operations) (Figure 3.1-2).  The proposed treatment system would include chemical precipitation treatment for the low-volume high-strength flows (e.g., drainage from the waste rock/lean ore stockpiles) and nanofiltration to concentrate the high-volume low-strength flows (e.g., pit dewatering, site operations runoff, Category 1/2 stockpile drainage) (RS29T, Barr 2007).  

The Project would generate an annual average maximum of 1,600 gpm (2.3 mgd) of process water during Year 10 (Figure 4.1-15).  Within any given year, the process water flow would vary significantly with lower flows during the winter (generally 0.5 to 0.7 times the annual average flow) and higher flows during the spring (generally 2.0 to 2.5 times the annual average flow).  The WWTF’s maximum design flow would be 3,000 gpm (4.3 mgd) (RS29T, Barr 2007).  Because these flows would vary significantly over the Project life and within any given year, the WWTF design includes two equalization ponds that would store excess process water when the WWTF is operating at full capacity.  

The WWTF would operate for the life of the Project operations (Years 1-20), but would also continue to operate after Closure because the waste rock stockpile drainage and leachate from the Hydrometallurgical Residue Facility (which at Closure could no longer be routed back into the hydrometallurgical operations) would continue to require treatment.  Based on MODFLOW modeling, the hydrometallurgical leachate is expected to decrease from an average initial rate of 215 gpm in Year 21 to 0 gpm by Year 34 (RS74A, Barr 2008).  The waste rock stockpile drainage would continue to receive treatment at least until the West Pit fills around Year 65.  At that time, water quality monitoring of the West Pit overflow would determine whether continued treatment would be necessary. Tribal cooperating agencies note that the analysis of stockpile leachate collection (Table 4.1-41) indicates that collection would be needed for 2000 years in order to avoid violations of water quality standards. Furthermore, periodic collection of wastewater from the hydrometallurgical tailings facility would have to continue in perpetuity. Therefore, it is the tribal cooperating agencies’ position that the WWTF would also have to operate for a minimum of 2000 years. Tribal cooperating agencies suggest that this does not meet the Minnesota goal of maintenance free closure. 

The WWTF would not have a discharge to a natural waterbody, but, instead, the treated process water would be pumped via the CPS from Years 1 through 11 to the Tailings Basin for reuse at the Beneficiation Plant.  During Years 12 through 20, the treated process water would be primarily used to help fill the East Pit (after mining would be completed in Year 11), but some effluent would still be used for make up water as needed at the Plant Site.  After Year 20, when ore processing would be completed, all the treated process water would be pumped to the head of the East Pit, where it would flow through a proposed wetland treatment facility and ultimately drain to the West Pit.  It is the tribal cooperating agencies’ position that the long-term effectiveness of the wetland treatment system has not been demonstrated by the applicant (See discussion on constructed wetlands below). Without a demonstration of effectiveness, the wetland treatment must be assumed to be ineffective due to short-circuiting. The primary objectives for the WWTF are to ensure that the treated process water is of sufficient quality to allow reuse in the Beneficiation Plant and to help meet groundwater standards for groundwater seepage from the Tailings Basin.  The treated process water quality design targets reflect a combination of state surface and groundwater standards, although the most restrictive of the two is not always proposed (RS29T, Barr 2007).  The WWTF effluent represents the primary source of antimony, arsenic, and sulfate to the Tailings Basin pond and seepage from Cells 1E/2E during mine operations (Wenigmann, Pint, and Wong 2009).  Since the WWTF effectiveness would be an important factor affecting the quality of groundwater seepage from the Tailings Basin, we recommend monitoring of the WWTF effluent as a leading indicator of potential groundwater issues at the Tailings Basin (Section 4.1.3.5).  
Upper Partridge River Water Quality 

Water-quality in the Partridge River is already affected by discharges from the Peter Mitchell Mine and the City of Hoyt Lakes WWTP.  As mentioned above, PolyMet does not propose any surface water discharges until the West Pit overflows around Year 65 (RS21, Barr 2007).  However, non-contact stormwater runoff; unrecoverable groundwater seepage from the temporary and permanent waste rock/lean ore stockpiles, mine pits, overburden storage/laydown areas, various sumps, process water ponds, and the WWTF equalization ponds; and the ultimate overflow of the West Pit represent potential pathways for the Project to affect water quality in the Partridge River.  Table 4.1-57 presents the estimated volume contributions from each of these sources, which shows that most of the contaminant sources would be very small.  The water quality results from both deterministic modeling and the incorporation of results from the Uncertainty Analysis for the Partridge River are discussed below.

Table 4.1-57
Summary of Collected Seepage and Liner Leakage Rates at the Mine Site

	Potential Contaminant Sources
	Maximum Rate During 
Mine Operations (gpm)
	Maximum Rate During 
Post-Closure (gpm)

	Overburden Storage and Laydown Area1
	34.29
	0

	Category 1/2 sumps2
	0.002083
	0.002083

	Category 3 Sumps3
	0.000008
	0.000008

	Category 3 Lean Ore Sumps
	0.000016
	0.000016

	Category 4 Sumps
	0.000007
	0.000007

	Category 4 Lean Ore Sumps
	0.000014
	0

	PW-1 Overburden Runoff1
	8.48
	0

	PW-2 haul Road Runoff
	0.006028
	0

	PW-3 Rail Transfer Hopper
	0.000004
	0

	PW-4 Haul Road Runoff
	0.012917
	0

	PW-7 Overburden Runoff1, 3
	15.93
	0

	WWTF Equalization Ponds4
	0.013200
	0


Source: Modified from Table 4-30, RS74A, Barr 2008. 

1
No liner present.

2
Only the southern-most sump of the Category 1/2 pile (S-1) drains to Partridge (17% of the total leakage), others drain to pits.

3
PW-7 exists only in Year 1 and 5.

4
Rates are averaged over period during which water is in the pond (typically 8-30 days).

Non-contact Stormwater Runoff

PolyMet proposes to collect non-contact stormwater runoff from undisturbed and reclaimed vegetated areas within the Mine Site and route it to the Partridge River via existing drainage patterns to the extent possible.  Stormwater quality is not expected to differ significantly from existing conditions because it would not contact any reactive rock, but there is the potential for increased suspended solids.  PolyMet would provide sedimentation ponds at the outlet locations to manage suspended solids prior to discharge to surface waterbodies (Figures 3.1-14, 3.1-15, and 3.1-16).  These sedimentation ponds should be adequate to manage suspended solids, but we recommend monitoring of the discharge as part of any NPDES/SDS permit.

Stormwater runoff from the process plant area (excluding the Tailings Basin) would be routed to Second Creek, a tributary of the Partridge River (RS74B, Barr 2008).  PolyMet indicates that stormwater management facilities may be needed to manage sediment associated with this flow, but does not propose any at this time.  This lack of stormwater management facilities could result in increased pollutant loadings to the Partridge River.  This issue is further discussed in Section 4.1.3.5.

Groundwater Seepage and Pit Overflow Effects

The deterministic model results generally indicate that the 30-day low flow condition represents the scenario in which the impact of the Project on the water quality of the Partridge River would be the greatest.  This is primarily attributable to the high concentrations that were predicted for most trace metals in the stockpile leachate (RS53/RS42, SRK 2007) and the lack of flow under low flow conditions to provide dilution.  The highest predicted concentrations in the Partridge River for all flow conditions for the main water quality variables of interest are provided below in Table 4.1-58.  Since most of the stockpile seepage and the West pit overflow would reach the Partridge River downstream of SW-003, the highest predicted concentrations would all occur at downstream locations. 

Table 4.1-58
Predicted Water Quality along the Upper Partridge River for the Proposed Action

	Parameter
	Units
	Water Quality Standard
	Existing Modeled Concentration
	Predicted Max Concentration
	Location
	Flow Conditions

	General
	
	
	
	
	
	

	Fluoride
	mg/L
	--
	0.2
	0.3
	SW-004a
	Low Flow

	Hardness
	mg/L
	500
	108
	119
	SW-004a
	Average Flow

	Sulfate
	mg/L
	--
	17.9
	31.7
	SW-004a
	Low Flow

	Metals
	
	
	
	
	
	

	Aluminum
	µg/L
	125
	107
	115
	USGS
	Low Flow

	Antimony
	µg/L
	31.0
	1.5
	6.9
	SW-004a
	Average Flow

	Arsenic
	µg/L
	53.0
	3.4
	8.3
	SW-004a
	Low Flow

	Cadmium
	µg/L
	1.21
	0.1
	0.1
	All stations
	All Flows

	Cobalt
	µg/L
	5.0
	0.5
	2.1
	SW-004
	Low Flow

	Copper
	µg/L
	8.31
	2.1
	7.0
	SW-004
	Low Flow

	Lead
	µg/L
	2.91
	0.8
	1.1
	SW-004a
	Low Flow

	Nickel
	µg/L
	46.51
	1.9
	25.6
	SW-004
	Low Flow

	Zinc
	µg/L
	85.01
	24.2
	24.6
	USGS
	Low Flow


Source:  Tables 5-4 to 5-24, RS74A, Barr 2008

1
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration at that location.

All modeled constituents meet minimum in-stream Minnesota water quality standards at all locations along the Partridge River during low, average and high flow conditions for all mine years modeled under the Proposed Action.  The mass balance model was re-run using the higher 95th percentile solute loading values from the rock stockpile Uncertainty Analysis.  Even with these higher loadings and assuming no natural attenuation, the model results indicate that water quality standards for the Partridge River would be maintained for the eight constituents studied (i.e., antimony, arsenic, fluoride, cobalt, copper, nickel, vanadium, and sulfate) under all flow conditions and mine years modeled (Hinck and Wong 2008).

Therefore, even using relatively conservative assumptions, the Project is not predicted to result in any exceedances of surface water quality standards for the Partridge River at the modeled locations.
West Pit Overflow

In Post-Closure (i.e., beginning around Year 65), the West Pit is predicted to overflow at an annual average rate of 2.6 cfs.  This overflow would represent the one and only surface discharge from the Project. During Post-Closure, the West Pit would receive inflow from direct surface drainage, groundwater seepage (including liner leakage from the Category 1/2 waste rock stockpile), and precipitation, as well as overflow from the East Pit.  From Year 12 at least until the West Pit overflows, the WWTF would continue to treat process water and discharge it to the head of the East Pit.  Once the East Pit is filled around Year 20, PolyMet proposes to construct a passive wetland treatment system in the East Pit, which would provide additional treatment (“polishing”) of the WWTF effluent.  Sometime after the West Pit overflows, the WWTF would be decommissioned and the constructed wetlands would indefinitely provide the primary treatment of waste rock stockpile leachate.  We evaluate below the potential effectiveness of the proposed constructed wetland, and then, based on those conclusions, evaluate the likely water quality of the West Pit overflow.  

Tribal cooperating agencies believe the characterization in the previous paragraph is misleading. First, as previously indicated, the WWTF would need to operate for a minimum of 2000 years in order to treat leachate from the stockpiles. Second, the effectiveness of the passive wetland treatment system has not been demonstrated and it is likely that the wetland treatment system would not function as the applicant has suggested (see discussion below). Finally, the long term water quality of the pit lake is a concern. It is unlikely that this water would ever meet surface water quality standards. It is the tribal cooperating agencies’ position that the DEIS should discuss the implications of leaving a polluted pit lake at this site in perpetuity.

Constructed Wetlands 

PolyMet assumed wetland removal efficiencies in the East Pit passive wetland system would range from 50 to 90 percent for six parameters (Table 4.1-59).  Constructed wetlands have proven effective in removing various pollutants in several cases.  For example, an experimental bioreactor achieved high metal removal efficiencies for both neutral and low pH acid rock drainage in a very controlled laboratory setting (Willow and Cohen 2003).  Experience with the effectiveness of field scale constructed wetlands has been much more variable.  For example, four constructed wetlands treat several waste rock stockpile seeps at the nearby Dunka Mine north of Babbitt.  These constructed wetlands were consistently effective in removing cobalt and copper, but in some cases actually resulted in increases in nickel and zinc concentrations.  In some cases, metal removal effectiveness of these wetlands had strong seasonal variability.  Sulfate removal was highly variable. 

Table 4.1-59
Estimated Wetland Removal Efficiencies

	Parameter
	PolyMet Estimate1
	Dunka Mine Wetland 
Performance2
	Mine Drainage Wetland Performance3
	Constructed Wetland
Performance3
	Laboratory Performance4

	
	Low
	Medium
	High
	
	
	
	

	Antimony
	50%
	75%
	90%
	--
	--
	50-75%
	--

	Arsenic
	50%
	75%
	90%
	--
	--
	0%
	30-96%

	Cobalt
	50%
	75%
	90%
	30-100%
	--
	--
	--

	Copper
	50%
	75%
	90%
	30-100%
	80-90+%
	25-100%
	~100%

	Nickel
	50%
	75%
	90%
	Highly Variable
	--
	0-90%
	--

	Sulfate
	50%
	75%
	90%
	Highly Variable
	10-30%
	--
	--


Sources: 

1 
Hinck and Wong 2008.
2 
Appendix D, RS29T, Barr 2007.

3 
Halverson 2004; Birch et al 2006; Versar 2000; USEPA 2002; Jin et al 2003; Knox et al 2006; Nelson et al 2005; Nelson et al 2002; and Kropfelova et al 2008.
4 
Willow and Cohen 2003; and Rahman et al 2008.

A limited literature review also reveals a wide range of variability in the pollutant removal effectiveness of constructed wetlands managing mine drainage and other pollutant sources (Table 4.1-59).  In most cases, these wetlands were used to “polish” treated effluents and the incremental improvement they offer is valuable.  We conclude, however, that constructed wetlands performance is not sufficiently reliable to function as the primary treatment measure for assuring consistent year-round compliance with water quality standards.  Further, the assimilative capacity of these wetlands is limited and they would presumably require long-term maintenance to ensure its effectiveness.  

Based on these uncertainties, it is the tribal cooperating agencies’ position that primary water treatment at the WWTF would need to continue for thousands of years. This does not meet the Minnesota goal for maintenance free closure.
West Pit Overflow Water Quality

The deterministic modeling results predict that several parameters (i.e., aluminum, arsenic, cobalt, fluoride, and selenium) would exceed surface water quality standards when the West Pit overflows (Table 4.1-60).  An Uncertainty Analysis was conducted for the West Pit water quality, but was limited to eight parameters.  The results of the Uncertainty Analysis predicted exceedances for cobalt, copper, fluoride, and nickel (Table 4.1-60).  

Table 4.1-60
Summary of West Pit Water Quality Post-Closure under Proposed Action

	Constituent
	Units
	Water Quality Standard
	Deterministic Model
	Uncertainty Analysis
(90% probability)

	General Parameters
	
	
	
	

	Chloride
	mg/L
	230
	21.4
	--

	Fluoride
	mg/L
	--
	2.3
	2.8

	Hardness
	mg/L
	500
	364
	--

	Sulfate
	mg/L
	--
	247
	330

	Metals – Total
	
	
	
	

	Aluminum
	ug/L
	125
	140
	--

	Antimony
	ug/L
	31
	21.3
	10.1

	Arsenic
	ug/L
	53
	198
	40

	Cadmium
	ug/L
	6.81
	0.15
	--

	Cobalt
	ug/L
	5.0
	8.0
	63.1

	Copper
	ug/L
	28.11
	17
	464

	Iron
	ug/L
	--
	150
	--

	Lead
	ug/L
	16.51
	6.5
	--

	Manganese
	ug/L
	--
	116
	--

	Nickel
	ug/L
	1561
	71.5
	592

	Selenium
	ug/L
	5.0
	7.7
	--

	Thallium
	ug/L
	0.56
	0.26
	--

	Vanadium
	ug/L
	--
	77.8
	14.1

	Zinc
	ug/L
	3581
	48.6
	--


Source: Table 4-25, RS74A, Barr 2008; Hinck and Wong, 2008; Wenigmann and Wong 2009; Hinck, July 15, 2009; Hinck, Pint, and Wong 2009.

1
Water Quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 364 mg/L.

The West Pit overflow would discharge to an unnamed “waters of the state” and would have to meet effluent limitations based on meeting surface water quality standards, taking into account the assimilative capacity of the receiving waters under the 7-day/10-year (7Q10) low flow.  The modeling results suggest that perhaps as many as seven parameters could exceed water quality standards, in addition to relatively high sulfate concentrations, although there is no applicable surface water standard for sulfate.  The unnamed tributary to which the West Pit would discharge would essentially function as a mixing zone and water quality standards may be exceeded.  The water quality of the West Pit overflow, however, is not predicted to result in exceedances of surface water standards in the Partridge River at SW-004 (located approximately 1,000 feet downstream from where the West Pit overflow would reach the Partridge River) (Table 4.1-58).  Tribal cooperating agencies strongly disagree with this approach. It is the tribal cooperating agencies’ position that all waters of the state are protected by Minnesota water quality standards and using this unnamed water as a mechanism to dilute mine related contamination is not appropriate. In addition no flow information for this unnamed water is available.

This impact may also represent the effects of a first flush of solutes and be relatively short term.  We would expect water quality in the West Pit to improve as oxidation would be negligible once the pit walls are submerged.  In Section 4.1.3.5, potential mitigation and monitoring measures are discussed to address the potential for exceedences of surface standards in the West Pit overflow. Tribal cooperators note that the previous paragraph is speculative. It is the tribal cooperating agencies’ position that because of continued inputs from the stockpiles, the tailings basins, and the pit walls, the pit lake could exceed surface water quality standards for thousands of years. Tribal cooperating agencies note that 20 feet of pit wall will never be submerged and as such constitute a perpetual source of mine related contaminants.

Colby Lake and Whitewater Reservoir Water Quality Results

The Project should have negligible effect on water quality in Whitewater Reservoir because only high Partridge River flows would be diverted into Whitewater Reservoir when any potential contaminants from the Project would be diluted and predicted to be well below all surface water evaluation criteria.  The Project would also result in increased water level fluctuations in Whitewater Reservoir as water would be pumped from the reservoir to maintain water levels in Colby Lake.  These increased water level fluctuations could potentially affect water quality (e.g., DO, eutrophication) in Whitewater Reservoir, but these effects are expected to be negligible as water levels would remain within historic ranges and ambient water quality in the reservoir is generally good.

Colby Lake receives drainage from upstream discharges such as the Peter Mitchell Mine and the City of Hoyt Lakes WWTP.  As with the Partridge River, the 30-day low flow condition represents the scenario in which the effect of the Proposed Action on Colby Lake water quality would be the greatest.  Under these critical conditions, all of the other parameters meet surface water quality standards in Colby Lake for all modeled time periods except for arsenic, iron, and thallium, as shown in Table 4.1-61 (RS74A, Barr 2008).  
Table 4.1-61
Predicted Water Quality at Colby Lake for the Proposed Action

	Parameter
	Unit
	Standard
	Existing Modeled Conditions
	Predicted Highest Concentration
	Mine Year
	Flow Conditions

	General
	
	
	
	
	
	

	Fluoride
	mg/L
	2.0
	0.1
	0.1
	Post-Closure
	Low flow

	Sulfate
	mg/L
	250
	10.1
	15.3
	Post-Closure
	Low flow

	Metals
	
	
	
	
	
	

	Aluminum
	µg/L
	125
	76
	76
	Year 15
	Low flow

	Antimony
	µg/L
	5.5
	1.5
	3.9
	Post-Closure
	Low flow

	Arsenic
	µg/L
	2.0
	2.1
	5.1
	Post-Closure
	High flow

	Cadmium
	µg/L
	2.51
	0.1
	0.1
	Multiple years
	Multiple flows

	Cobalt
	µg/L
	2.8
	0.6
	0.8
	Post-Closure
	Low flow

	Copper
	µg/L
	9.31
	1.8
	2.5
	Year 15
	High flow

	Iron
	µg/L
	300
	1,717
	1,713
	Closure
	Low flow

	Lead
	µg/L
	3.21
	0.6
	0.7
	Post-Closure
	Low flow

	Manganese
	µg/L
	50
	149
	149
	Year 15
	High flow

	Nickel
	µg/L
	52.01
	3.3
	5.1
	Post-Closure
	Low flow

	Thallium
	µg/L
	0.28
	0.4
	0.4
	All Years
	All flows

	Zinc
	µg/L
	1201
	18
	18
	Post-Closure
	Low flow


Source:  Tables 5-25 to 5-27, RS74A, Barr 2008

1
Water quality standards for this metal is hardness-dependent.  The listed values reflect a predicted hardness concentration of 100 mg/L.

The elevated arsenic concentration appears to be at least partially an artifact of model input assumptions.  For example, the deterministic modeling predicts existing arsenic concentrations of 2.1 µg/L in Colby Lake, whereas recent monitoring found arsenic concentrations in Colby Lake are much lower (0.8 µg/L) (Wenigmann and Wong 2009).  The highest arsenic concentration was predicted during Post-Closure period, which is primarily attributable to arsenic loadings from the West Pit overflow.  The West Pit Uncertainty Analysis concluded that arsenic concentrations in the West Pit were likely to be less than those predicted by the deterministic modeling (even when adjusting to a 0 percent arsenic removal efficiency for the East Pit treatment wetlands).  Using the 90 percent cumulative probability as our standard, the predicted arsenic concentration in the West Pit overflow would be 40.0 µg/L rather than 198.5 µg/L as predicted in the deterministic modeling.  Substituting the arsenic concentrations from the recent monitoring (0.82 µg/L) for both the Colby Lake and surface runoff existing conditions, and assuming a 40.0 µg/L arsenic concentration for the West Pit overflow, the highest predicted arsenic concentrations in Colby Lake for all of the model years would be 1.9 µg/L, which is less than the 2.0 µg/L standard (Wenigmann and Wong 2009).

The elevated iron concentration is not attributable to the Project, but rather is related to the existing concentrations in the Partridge River.  The Class 1B Minnesota water quality standard for iron is 300 µg/L.  The average concentration of iron from surface water quality monitoring in 2004, 2006 and 2007 at SW-005 (immediately upstream of Colby Lake) was 1,340 µg/L.  Therefore, the Minnesota water quality standard for iron would be exceeded even without the Project.  Iron is a secondary MCL standard and is readily removed at publicly-owned treatment works prior to distribution to the community.

The elevated thallium concentration is also not attributable to the Project, but rather is related to its detection limit.  The deterministic water quality predictions for thallium in the Upper Partridge River did not exceed Minnesota water quality standards under the Proposed Action.  However, thallium standards are stricter for Colby Lake (0.28 µg/L) because it is classified as a Class 2Bd water.  Thallium was not detected in any of the recent water quality monitoring, so the background concentration for thallium in the modeling was based on a single value from MPCA monitoring in the early 1990s.  Use of this value resulted in an artificially high predicted concentration in Colby Lake.  Further testing of thallium using a lower detection limit in the Partridge River would be necessary to determine predicted concentrations with a higher certainty.

Therefore, the Project is not expected to result in the exceedance of any surface water quality standards in Colby Lake.  

Water Quality in the Lower Partridge River

The Proposed Action should have no effect on water quality in the Partridge River downstream of Colby Lake.  Although not specifically modeled, the predicted water quality of Colby Lake would be a reasonable surrogate of expected water quality in the Lower Partridge River.  We would expect all parameters to meet surface water standards under all flow conditions for all mine years as is predicted for the Upper Partridge River and Colby Lake. It is the tribal cooperating agencies’ position that contaminants from the project would contribute to exceedances of standards below Colby Lake. Wild rice beds are located on the Partridge River immediately below Colby Lake. Therefore, the State of Minnesota wild rice standard for sulfate of 10 mg/l should apply along all of the Lower Partridge River. 

Embarrass River Water Quality Results

Although the Tailings Basin is not designed to be overtopped or to have a discharge, the Project could affect surface water in the Embarrass River watershed by groundwater seepage, which would eventually be expressed as base flow in the Embarrass River, and surface water seepage through the tailings embankment to the wetland complex north of the Tailings Basin.  PolyMet proposes a seepage collection system that would intercept and collect virtually all surface seepage from the Tailings Basin (Figure 4.1-21).  Groundwater seepage from the Project, however, would not be recovered and is expected to range from 1,600 gpm (Year 1) to over 2,900 gpm (Year 20), which would eventually impact surface water quality in the Embarrass River (Hinck 2009).  In addition, liner leakage from the hydrometallurgical cells would seep from Cell 2W.  Although only a small volume (maximum of 8.7 gpm), this hydrometallurgical cell liner leakage is predicted to have a very high sulfate concentration (i.e., over 7,300 mg/L).  This predicted sulfate concentrations probably overestimates the sulfate load as the solubility cap for sulfate is around 1,600 mg/L, and higher concentrations of sulfate will typically form gypsum.

Water quality in the Embarrass River is already affected by discharges from the City of Babbitt WWTP (average discharge of 0.33 cfs) and the Area 5 NW Pit overflow (average flow of 1.99 cfs with high sulfate concentrations).  The existing ambient and predicted maximum water quality concentrations for the Proposed Action are provided in Table 4.1-62 for PM-12 (upstream of Project effects) and PM-13 (downstream of all Project effects).  

At PM-12, all modeled parameters meet surface water quality standards during all flow conditions (i.e., low, average and high flows) for all modeled scenarios (i.e., Years 1, 5, 10, 15, 20, Closure, and Post-Closure) under the Proposed Action.  At PM-13, downstream of the Tailings Basin, all constituents would meet surface water quality standards during all flow conditions for all modeled scenarios under the Proposed Action with the possible exception of aluminum.  

Aluminum is predicted to exceed the surface water standard of 125 µg/L for low and average flow conditions in all mine years (i.e., Year 1 through Post-Closure) with a predicted high concentration of 346 µg/L.  The exceedances are in part explained by the fact that average aluminum concentrations in the Embarrass River already exceed surface water standards under existing conditions, with an average concentration of 192 µg/L, and a peak concentration of 356 µg/L based on available monitoring data, and a modeled existing low flow concentration of 671 µg/L.  Further, the surface water standard is for dissolved aluminum, whereas the modeled values predict total aluminum.  It is unclear what fraction of the predicted total aluminum concentration would be dissolved and whether the predicted concentrations would actually exceed the surface water standard.  Aluminum is an USEPA secondary MCL and the predicted maximum concentration (i.e., 346 µg/L at low flow during Mine Closure) would not pose any human health risk.  

Table 4.1-62
Predicted Water Quality along the Embarrass River for the Proposed Action

	Parameter
	Units
	PM-12
	PM-13

	
	
	Standard
	Modeled Existing Conditions
	Predicted High Concentration
	Flow Conditions
	Standard
	Modeled Existing Conditions
	Predicted High Concentration
	Flow Conditions

	General
	

	Chloride
	mg/L
	230
	6.5
	6.5
	High Flow
	230
	10.2
	13.1
	Low Flow

	Fluoride
	mg/L
	--
	0.3
	0.3
	Low Flow
	2.0
	0.8
	1.7
	Low Flow

	Hardness
	mg/L
	500
	82.6
	82.6
	Low Flow
	500
	256
	295
	Low Flow

	Sulfate
	mg/L
	--1
	7.3
	7.3
	Low Flow
	--
	96
	146
	Low Flow

	Metals
	

	Aluminum
	µg/L
	125
	119
	119
	High Flow
	125
	671
	346
	Low Flow

	Antimony
	µg/L
	31
	1.1
	1.1
	Low Flow
	31
	0.9
	5.0
	Low Flow

	Arsenic
	µg/L
	53
	2.2
	2.2
	Low Flow
	53
	2.7
	7.6
	Low Flow

	Cadmium
	µg/L
	1.02
	0.2
	0.2
	Low Flow
	2.43
	0.2
	0.4
	Low Flow

	Cobalt
	µg/L
	5.0
	1.0
	1.0
	Low Flow
	5.0
	1.3
	1.6
	Low Flow

	Copper
	µg/L
	7.92
	3.3
	3.3
	Low Flow
	17.53
	4.1
	6.7
	Low Flow

	Iron
	µg/L
	--
	2,883
	2,883
	High Flow
	--
	2,884
	2,874
	High Flow

	Lead
	µg/L
	2.52
	0.9
	0.9
	Low Flow
	10.43
	1.1
	1.7
	Low Flow

	Manganese
	µg/L
	--
	299
	299
	High Flow
	--
	612
	375
	Low Flow

	Nickel
	µg/L
	44.42
	5.4
	5.4
	Low Flow
	1153
	6.7
	14.2
	Low Flow

	Selenium
	µg/L
	5.0
	2.2
	2.2
	Low Flow
	5.0
	2.1
	2.6
	Low Flow

	Thallium
	µg/L
	0.56
	0.2
	0.2
	Average and High Flow
	0.56
	0.1
	0.4
	Low Flow

	Zinc
	µg/L
	78.52
	16.0
	16.0
	High Flow
	2343
	12.6
	34.5
	Low Flow


Source:  Barr 2008, External Memorandum: Changes to the Tailings Basin Flows in the Embarrass River Watershed – PolyMet RS-74; and Barr 2009, External Memorandum: TB-15 – Surface Water Quality Model Assumptions and Results for Tailings Basin – Proposed Action and Tailings Basin – Alternative
1
Sulfate standard of 10 mg/L applies if designated wild rice waters are present.  . 

2
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 80 mg/L.

3 
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 250 mg/L.

Note: Values in bold indicate an exceedance in water quality standards.

It should be noted that a sulfate standard of 10 mg/L applies to designated “wild rice waters”.  The only clearly designated “wild rice water” in the Project area is Hay Lake, which is located downstream of the Project on a tributary to the Embarrass River and would be unaffected by the Project.  There is another wild rice stand in the Embarrass River watershed that was identified in the Wild Rice Legislative Report (MnDNR 2008), but its exact location and size are unknown and it is not clear whether it would be considered a designated wild rice water. Tribal cooperating agencies have a clear position on this issue. The wild rice standard applies where wild rice is growing.  MPCA has requested PolyMet to provide additional information regarding the presence of wild rice along both the Embarrass and Partridge rivers (Clark, May 2009, Personal Communication) so that a site-specific determination can be made as to how the 10 mg/L standard may apply to the Project.  Existing ambient sulfate concentrations in the Embarrass River already exceed 10 mg/L (e.g., average existing sulfate concentration at PM-13 is 36.1 mg/L), at least downstream of Spring Mine Creek, where the overflow from Pit 5NW has an average sulfate concentration of 1,046 mg/L.  Therefore, if any portion of the Embarrass River is determined to be wild rice waters, water quality would already exceed the sulfate standard.

Field observations and research indicate that wild rice can grow in waters with sulfate concentrations significantly higher than 10 mg/L (MnDNR 2008, Natural Wild Rice).  Dore (1969) states that sulfate retards the growth of wild rice at concentrations exceeding 50 mg/L.  The Lac du Flambeau Band of Lake Superior Chippewa Indians in Wisconsin is currently proposing a 50 mg/L standard for sulfate to protect wild rice within their reservation pursuant to sections 303 and 518 of the Clean Water Act (Lac du Flambeau Tribe 2009).  Other studies, however, have variously reported wild rice growing in water with sulfate concentrations of 118 to 282 mg/L in Minnesota (Baven and Berndt 2008; Moyle 1944); and between 105 and 575 mg/L in northern Saskatchewan (Peden 1982), but no information is provided regarding the health of the stands. It is unclear to tribal cooperating agencies why potential future water quality standards of a tribe located in Wisconsin have any bearing on the existing water quality standards in Minnesota. Extensive research in Minnesota has demonstrated that healthy and viable wild rice beds occur in waters with less than 10 mg/l of sulfate. While it is the prerogative of the PCA to seek a change in water quality standards anytime it chooses, it is the tribal cooperating agencies’ position that the standard, as currently in place, must be enforced.

The deterministic model predicts that the Project would increase sulfate concentrations at PM-13 to as high as 146 mg/L during low flow conditions in Year 10, but would return to approximately ambient concentrations during low flows Post-Closure (i.e., 96 mg/L, Table 4.1-62). A Culpability Analysis was conducted to determine the relative contribution of various contaminant sources on the deterministic water quality predictions.  The analysis indicates that seepage from Cells 1E/2E would be the primary input of sulfate to the Embarrass River during low flows in all mine years (i.e., Year 1 through Post-Closure) (Wenigmann, Pint and Wong 2009).  During average and high flow conditions, discharge from the LTVSMC Pit 5NW (nearby inactive taconite pit) and natural surface runoff from the watershed represent the primary sources of sulfate, respectively.  It is the tribal cooperating agencies’ position that because the Embarrass River already exceeds water quality standards, it would be difficult to permit the addition of additional contamination from new or expanded sources. 

In summary, water quality modeling indicates that the Project would likely meet surface water standards in the Embarrass River, but may worsen an existing exceedance of the surface water quality standard for sulfate if portions of the Embarrass River are determined to be wild rice waters.

Mercury in Surface Waters

Project construction and operation have the potential to promote the release of mercury to surface or groundwaters, either through mobilization of mercury stored in rock, soil, peat, and vegetation on site, or through enhanced methylation of mercury.  Methylmercury is the biologically active form of mercury that accumulates in fish and is toxic to humans and wildlife.  Current scientific understanding of the factors and mechanisms affecting mercury methylation and bioaccumulation is limited.  This section discusses mercury from only a water quality perspective; the potential Project effects on the bioaccumulation of methylmercury in fish are discussed in Section 4.5.

Direct Release of Mercury to Waterbodies from the Mine Site

At the Mine Site, mercury could be released to waterbodies by exposing rock that contain mercury and the clearing of vegetation (primarily peat).  

The NorthMet waste rock and ore contain trace amounts of mercury.  Laboratory analysis of humidity cell leachates from waste rock samples found average total mercury concentrations between 5 and 7 ng/L, with concentrations unrelated to rock type or sulfur content (RS53/42, SRK 2007).  Separate 36-day batch tests using local rainfall (12 ng/L total mercury) found that contact with Duluth Complex rock actually decreased total mercury concentrations to between 1.9 and 3.2 ng/L (RS53/42, SRK 2007).  Therefore, mercury release from NorthMet waste rock appears to be below background levels and the data suggest that mercury in rainfall may actually be attenuated by contact with mine waste rock.  For these reasons, the release of mercury from waste rock and ore at the Mine Site is not expected to be a constituent of concern in groundwater seepage. 

Forest foliage is a major sink for airborne mercury.  Mercury accumulated in the foliage of vegetation is then added to the surface litter layer and the soil upon litterfall (Ericksen et al. 2003).  Porvari et al (2003) reported significant increases in total mercury and methylmercury concentrations and loads in streams following clear-cutting and soil treatment (e.g., harrowing, scarification, and mounding) in a boreal forest catchment.  Organic matter contained in peat also constitutes a large reservoir of mercury, but this mercury is strongly bound to the organic material (Drexel et al. 2002).  Disruption of peat deposits resulting in oxidation and decomposition of the peat would increase the mobility of the stored mercury.  

Mining operations at the Project would result in forest clearing and soil and wetlands disruption over an area of approximately 3,260 acres.  Desiccation-induced acidification of the peat can also be expected to mobilize mercury bound to the peat (Tipping et al. 2003).  Periodic rewetting of exposed peat by precipitation and water level fluctuations may then promote methylation of mercury by sulfate-reducing bacteria within the oxidizing peat material and thereby mobilize mercury that has accumulated over many years.  

PolyMet proposes to place the peat in either the Category 1/2 waste rock stockpile or the Overburden Storage and Laydown Area (Barr 2009, Technical Memorandum: NorthMet Waste Management and Modeling Assumptions for Overburden Material).  Drainage from these stockpiles would be considered process water, which would be collected, possibly treated at the WWTF, and either pumped to the Tailings Basin for reuse/ultimate disposal (Years 1-11) or to help in the filling of the mine pits (Years 12-65).  The WWTF is not predicted to be very effective in removing mercury, with an average non-flow adjusted reduction during mine operations of approximately 16 percent (from about 8.5 ng/L to 7.1 ng/L) (RS29T Addendum, Barr 2007).  Since the WWTF is not expected to be very effective and effluent concentrations are predicted to remain above the Great Lakes Initiative standard of 1.3 ng/L, mercury removal prior to release (i.e., Tailings Basin seepage and West Pit overflow) would be important.  

Data suggesting that the LTVSMC and PolyMet tailings would be effective in removing mercury from WWTF effluent discharged to the Tailings Basin during Years 1-11 are discussed in the following subsection.  Once mining of the East Pit is completed in Year 11, most WWTF effluent would no longer be pumped to the Tailings Basin, but instead would be pumped to help fill the East Pit, and would not receive the benefit of mercury removal in the tailings.  PolyMet proposes to construct an approximately 160-acre wetland at the East Pit once filling is completed, which would receive and further treat effluent from the WWTF.  There is very limited data regarding the effectiveness of constructed wetlands in removing mercury.  The available water quality monitoring at the Dunka Mine constructed wetlands, which served as a model for PolyMet’s proposal, showed total mercury removal rates varying from 0 to 75% (Appendix D, RS29T, Barr 2007).  Based on the scientific literature, we would expect the constructed wetlands to be variably effective in removing total mercury, and could function, if not carefully managed, as a source for methylmercury production (Bavin and Berndt 2008).  

PolyMet has not provided an estimate of predicted mercury concentrations in the West Pit overflow, which would be considered a discharge and subject to the Great Lakes Initiative standard for mercury (1.3 ng/L).  Since neither the WWTF nor the East Pit constructed wetlands, which are the two primary treatment facilities for inflow to the West Pit, are expected to be consistently effective in mercury removal, we have some concerns regarding the potential mercury concentration in the West Pit.  As discussed above, PolyMet did conduct batch tests to simulate the effects of mine area rock on pit water chemistry using local rainfall (12 ng/L total mercury).  The test results indicated that contact with Duluth Complex rock actually decreased total mercury concentrations to between 1.9 and 3.2 ng/L (RS53/42, SRK 2007).  Water quality sampling indicates that, on average, most area pits (11 out of 14 sampled) meet the 1.3 ng/L standard for mercury (range from 0.55 to 1.87 ng/L) (Borovsky 2009).  Nevertheless, there is some uncertainty as to whether the West Pit overflow would meet the Great Lakes Initiative standard for mercury and we recommend additional analysis of this issue.

Tribal cooperating agencies agree that further analysis should be conducted. Tribal cooperating agencies take the position that the analysis should be incorporated in the DEIS so that environmental impacts can be predicted and reviewed by the public.

Direct Release of Mercury to Waterbodies from the Tailings Basin

The Plant Site would receive inputs of mercury from two sources – natural trace concentrations in the ore (average of 4.6 mg/kg or 10.7 lbs/yr) and process consumables (Section 3.1.7) (average of 8.6 mg/kg, or 5.5 lbs/yr), with minor contributions from Colby Lake process water (5.4 ng/L, or 0.027 lbs/yr) and Mine Site process water (3.7 ng/L or about 0.022 lbs/yr) (RS66, Addendum 01, Barr 2007).  The Project, however, is not expected to release a significant amount of mercury to ground or surface waters for the reasons described below.

Based on bench studies, about 95 percent of the mercury in the ore entering the Process Plant is predicted to remain within, or be adsorbed to, either the flotation tailings or the hydrometallurgical residue, where it would remain isolated from further transport to the environment (RS29T, Appendix B, Barr 2007).  Further, any leakage from the flotation tailings or hydrometallurgical residue in the Tailings Basin would have to pass through the existing LTVSMC taconite tailings.  MnDNR (Berndt 2003) found that taconite tailings appear to be a sink for mercury in full-scale actual tailings basins in Northern Minnesota, as evidenced by lower mercury concentrations in waters seeping from tailings basins (specifically at U.S. Steel’s Mintac Mine and Northshore Mining’s Peter Mitchell Mine) than in either precipitation input or pond water in the tailings basin.  This finding is supported by surface and groundwater monitoring around the LTVSMC Tailings Basin, which found mercury concentrations consistent with background levels (Table 4.1-29), generally averaging <2.0 ng/L.  All samples were well below average concentrations in precipitation, so most mercury appears to be sequestered in the LTVSMC tailings.

The total mercury concentration in seepage from the NorthMet Tailings Basin is predicted to be approximately 0.9 ng/L, which would be less than the Great Lakes Initiative standard of 1.3 ng/L (RS29T, Appendix B, Barr 2007).

Enhanced Mercury Methylation

Virtually all dispersal of mercury in the environment (especially atmospheric dispersal) occurs in inorganic form (Fitzgerald and Clarkson 1991), but nearly all of the mercury accumulated in fish tissue (>95 percent) is organic methylmercury (Bloom 1992).  Thus, methylation is a key step in bioaccumulation of mercury.  Methylmercury is a product of inorganic mercury reduction by sulfate-reducing bacteria, a process that can be stimulated by increased sulfate concentrations (Gilmour et al. 1992; Krabbenhoft et al. 1998).  Although the Project is expected to result in a negligible release of inorganic mercury to surface or groundwaters, it could promote mercury methylation by increasing sulfate loading and/or creating hydrologic conditions that enhance methylation.  Each of these potential effects is discussed below.

Increased Sulfate Loadings

Research indicates that sulfate-reducing bacteria are the primary mercury methylators in aquatic systems, especially wetlands (Compeau and Bartha 1985).  Biologically available sulfur is believed to be a limiting factor for the methylating bacteria (Jeremiason et al. 2006; Watras et al. 2006).  Adding sulfate to aquatic systems can therefore stimulate sulfate-reducing bacteria activity, leading to increased mercury methylation (Gilmour et al. 1992; Harmon et al. 2004; Branfireun et al. 1999; Branfireun et al. 2001).  Recent research in northern Minnesota suggests that increased sulfate loadings to a wetland can result in increased mercury methylation and export (Jeremiason et al. 2006), but other research suggests that this effect is not linear and diminishes at higher loads (Mitchell et al. 2008).  While the amount of sulfate at a given location may exceed the reducing capacity of bacteria at that location, flowing water may transport excess sulfate to other locations where sulfate availability limits methylmercury production.  

Many studies have shown that wetlands can be sinks for mercury and sources of methylmercury to surrounding watersheds (St. Louis et al. 1996).  Heyes et al. (2000) reported a significant positive correlation between methylmercury and sulfate in a poor fen (R2=0.765, p=0.005) and in a bog (R2= 0.865, p=0.022).  Galloway and Branfireun (2004) found that wetlands were an important site of sulfate reduction and methylmercury production.  Balogh et al. (2004) and Balough et al. (2006) concluded that increases in methylmercury in several Minnesota rivers during high flow events was likely the result of methylmercury transport from surrounding wetlands to the main river channel.  A recent study by MPCA found little, if any, correlation between total or methylmercury and sulfate concentrations in Northeast Minnesota streams (Bavin and Berndt 2008).  Instead, the study found strong correlations between mercury and dissolved organic carbon (DOC) concentrations and total wetland area.  Overall, these studies suggest that most mercury methylation, at least in the St. Louis River Basin, primarily occurs within wetlands rather than in stream channels and the methylmercury is flushed to rivers during storm events.  

The Project would result in increased sulfate loadings via groundwater to both the Partridge and Embarrass rivers.  At the Mine Site, the data suggests that the transport of sulfate from the waste rock/lean ore stockpiles to the Partridge River would involve very little interaction with wetlands, which are primarily perched bogs. As previously indicated, this assumption is based on a single email (Adams 2009). Tribal cooperating agencies have reviewed this email and found that it does not use methods suitable for prediction of impacts. Further detail on the position of the tribal cooperating agencies is available in section 4.2. Further, the predicted maximum sulfate concentration in the Partridge River would remain relatively low (31.7 mg/L during low flows) and there are relatively few riparian wetlands along the Lower Partridge River or downstream St. Louis River.  Therefore, under the Proposed Action, the risk of increased sulfate loadings promoting methylation of mercury in wetlands is expected to be low. Tribal cooperating agencies have found extensive rice beds in the Lower Partridge River and take the position that methylation of mercury may be significant in the Partridge River watershed. The groundwater seepage rate from the Tailings Basin would exceed the aquifer flux capacity, so much of the seepage is expected to upwell into the extensive wetland complex north of the Tailings Basin.  The sulfate transported by this seepage would have a long contact period with wetlands before actually reaching the Embarrass River.  All of these factors may create nearly ideal conditions for mercury methylation.  There are four lakes downstream on the Embarrass River that are on the 303(d) list for mercury in fish tissue impairment.  These lakes stratify, which can further promote mercury methylation.  Therefore, increasing the sulfate load from the Tailings Basin could increase mercury methylation both in the wetlands north of the Tailings Basin and at the downstream lakes.  

The MPCA recognizes the important role of sulfate in methylmercury production, as well as the uncertainties regarding site-specific relationships between sulfate discharges and waterbody impairment.  The MPCA has set forth a strategy (MPCA 2006, Strategy to Address Indirect Effects of Elevated Sulfate on Methylmercury Production and Phosphorus Availability) for addressing effects of sulfate on methylmercury production that encompasses technical, policy, and permitting issues.  The strategy acknowledges that the technical basis does not exist to establish specific sulfate discharge limits.  The strategy, however, sets forth steps MPCA can take to improve the technical basis for controlling sulfate discharges and establishes guidance for considering potential sulfate impacts during environmental review and NPDES permitting.  The strategy focuses on avoiding “discharges,” which could include groundwater seepage, to “high risk” situations.  These high risk areas include wetlands, low-sulfate water (<40 mg/L) where sulfate may be a limiting factor in the activity of sulfate-reducing bacteria, and waters that flow to a downstream lake that may stratify, all of which apply to the area downstream of the Tailings Basin.  Therefore, seepage from the Tailings Basin would introduce elevated sulfate concentrations to a high risk situation for mercury methylation.  

Hydrologic Changes and Water Level Fluctuations

Methylation of environmental mercury by sulfate-reducing bacteria is also stimulated by drying and rewetting associated with hydrologic changes and water level fluctuations (Gilmour et al. 2004, Selch et al. 2007).  Drying (and subsequent increase in exposure to oxygen) of substrate containing reduced sulfur species (sulfides and organic sulfur) oxidizes those species into sulfate, which is remobilized and available to sulfate-reducing bacteria upon rewetting of the substrate.  This mechanism stimulates production of methylmercury in sediments exposed to wetting and drying cycles (Gilmour et al. 2004) and probably accounts for the elevated methylmercury concentrations observed in discharge from wetlands during high flow events (Balogh et al. 2006).  Thus, hydrologic changes and water level fluctuations can stimulate mercury methylation and enhance bioaccumulation. 

The Project would generally reduce flows in the Partridge River, but would not be expected to result in increases in flow fluctuations that can promote mercury methylation. It is the tribal cooperating agencies’ position that the data used to support this conclusion is inadequate. Similarly, water level fluctuations in Colby Lake are expected to be less with the Project than under natural conditions (Tables 4.1-55 and 4.1-56) and should not promote mercury methylation.  Conversely, water level fluctuations would be expected to increase in Whitewater Reservoir as water is pumped to maintain minimum water levels in Colby Lake.  Whitewater Reservoir would only receive inflow from the Partridge River under high flow conditions when sulfate levels are expected to be the lowest.  Therefore, increased water level fluctuations in Whitewater Reservoir would be expected to result in limited increases in mercury methylation.  

Nondegradation Standards

Minnesota Rules, parts 7050.0185 and 7052.0300, establish nondegradation standards and procedures for surface waters statewide and for waters in the Lake Superior Basin, respectively.  The statewide nondegradation procedures are in place to protect all waters from significant degradation from point and nonpoint sources.  The Lake Superior Basin nondegradation procedures apply to new or expanded point source discharges of bioaccumulative substances of immediate concern (BSIC) (Minnesota Rules, part 7052.0350).  The only BSIC with applicability to the Project is mercury.  The NorthMet Project would be a new facility, but PolyMet has proposed a water balance that avoids the need for any point source discharges during mine operations.  During Post-Closure (approximately Year 65), the West Pit would eventually fill and overflow.  Therefore, the Project’s only point source discharge that would be subject to nondegradation review would be the West Pit overflow.  

As discussed previously, since neither the WWTF nor the East Pit constructed wetlands are expected to be consistently effective in mercury removal, there is some uncertainty whether mercury concentrations in the West Pit, or the ultimate discharge to the Partridge River when the West Pit begins to overflow around Year 65, would meet Great Lakes Initiative water quality standards.  Mercury monitoring is recommended to determine if elevated mercury concentrations are found in the West Pit and to minimize the release of mercury to the West Pit (Section 4.1.3.5). Tribal cooperating agencies disagree with this approach. It is the tribal cooperating agencies’ position that the determination of the final water quality of the west pit should be included in the DEIS so that potential water quality impacts to Lake Superior can be characterized.

Effects on Surface Water Rights and Uses

A Water Appropriate Permit from MnDNR is required for all users withdrawing more than 10,000 gallons of water per day or one million gallons per year.  PolyMet has requested, and Minnesota Power has agreed (Minnesota Power 2007), to transfer LTVSMC’s share of the Water Appropriation Permit to PolyMet so it can obtain process water from Colby Lake.  This Permit has a stipulation that withdrawals from Colby Lake can not occur when water levels are below elevation 1,439.0 feet msl unless an equal amount of water is pumped into Colby Lake from Whitewater Reservoir.  As discussed above, the XP-SWMM modeling results indicate that PolyMet (at least up to withdrawals of 8,000 gpm) should be able to satisfy this requirement while meeting its water demands.  Satisfying this requirement may result in more frequent and larger water level fluctuations in Whitewater Reservoir than have occurred since LTVSMC stopped their withdrawals in 2001.

In order to safeguard water availability for natural environments and downstream higher priority users, Minnesota law requires the MnDNR to limit consumptive appropriations of surface water under certain low flow conditions.  Should conditions warrant, MnDNR Waters may suspend surface water appropriation permits as determined by its Surface Water Appropriation Permit Issuance and Suspension Procedures.

Summary of the Proposed Action

Table 4.1-63 provides a summary of the primary water resource effects of the Proposed Action.  At the Mine Site, the permanent surface storage of highly reactive waste rock is predicted to result in long term exceedances of groundwater evaluation criteria for several parameters.  The seepage rate from the Tailings Basin during mine operations would greatly exceed the groundwater flux capacity of the aquifer, which would result in significant upwelling of groundwater with high sulfate concentrations.  This upwelling would inundate many of the wetlands found north of the Tailings Basin, introduce relatively high sulfate concentrations to the wetlands and downstream lakes on the Embarrass River that represent high risk situations for mercury methylation, and could represent a violation of the sulfate standard for “wild rice waters.”  
Table 4.1-63
Water Resources Impact Summary of the Proposed Action 

	Key Potential Issues
	Project Effects
	Reference 
Page Number

	Groundwater levels at the Mine Site
	Drawdown expected during mine operations and filling of West Pit (~65 years), but minimal impact to surrounding wetlands expected. Tribal cooperating agencies disagree with this conclusion. Their position is that the above conclusion is based on faulty assumptions and weak data.
	4.1-48

	Groundwater quality at the Mine Site
	Manganese, nickel, and possibly antimony concentrations would exceed either USEPA primary MCLs or MDH Health Risk Limits in groundwater, potentially for long term.  Sulfate concentrations would exceed USEPA secondary MCLs.
	4.1-53

	Flows in the Upper Partridge River
	Minimal reduction in annual 7-day low flow (~0.1 cfs).  No significant effect on river morphology or 100-year floodplain. Tribal cooperating agencies disagree with these conclusions because there is insufficient data.
	4.1-77

	Water quality in the Upper Partridge River
	All parameters would meet surface water quality standards under all flow conditions for all mine years.  West Pit overflow in Closure is predicted to initially exceed standards, but water quality is expected to improve over time. Tribal cooperating agencies note that the west pit is predicted to violate surface water standards for all years that predictions were made. .
	4.1-87

	Water levels in Colby Lake
	Negligible increase in average water level drawdown and improvement in maximum annual fluctuation and % days below critical lake elevation.
	4.1-83

	Water quality in Colby Lake
	Predicted to meet all water quality standards for all flow conditions for all mine years.
	4.1-92

	Flows in the Lower Partridge River
	Reduce average flows by as much 10.5 cfs (9%) and increase the frequency of low flows. Tribal cooperating agencies disagree. There is not enough data to support this conclusion.
	4.1-84

	Water Quality in Lower Partridge River
	All parameters should meet surface water quality standards under all flow conditions for all mine years.  Tribal cooperating agencies disagree. The wild rice standard for sulfate and the Lake Superior standard for mercury would be exceeded.
	4.1-93

	Groundwater levels downgradient of the Tailings Basin
	Groundwater seepage would exceed aquifer flux capacity resulting in significant seepage upwelling and wetland impacts.
	4.1-51

	Groundwater quality downgradient of the Tailings Basin
	Seepage from the Tailings Basin would generally meet groundwater evaluation criteria with the possible exception of aluminum and manganese.  These two parameters are USEPA secondary MCL standards for managing aesthetics considerations and not to protect human health, and both of which are naturally found in elevated concentrations in the Project area. Tribal cooperating agencies disagree. Existing contamination has not been considered in the analysis.
	4.1-67

	Flows in the Embarrass River
	Net 6% increase in average flow during operations and net decrease of 1% during Closure would have negligible effect on Embarrass River. 
	4.1-85

	Water quality in the Embarrass River
	Generally all parameters would meet surface water quality standards during all flow conditions for all mine years.  Elevated sulfate concentrations (146 mg/L at PM-13), however, could exceed “wild rice waters” standard if applicable. Tribal cooperating agencies take the position that the wild rice sulfate standard is applicable and would be exceeded.
	4.1-94

	Mercury in Water
	Relatively high sulfate concentrations in seepage from Tailings Basin would be released to wetlands north of the Tailings Basin and lakes downstream on Embarrass River that represent “high risk situations” for mercury methylation.  There is some uncertainty as to whether the West Pit overflow would meet the Lake Superior mercury standard.
	4.1-97


4.1.3.2
No Action Alternative 

Effects on Groundwater

Under the No Action Alternative at the Mine Site, there would not be any mining, therefore, groundwater levels and quality would remain similar to existing conditions.  

Under the No Action Alternative at the Tailings Basin, existing groundwater seepage from the LTVSMC Tailings Basin (approximately 1,795 gpm) would continue to decline as the basin dewaters until it reaches a steady state condition (approximately 1,100 gpm).  This groundwater seepage rate would continue to exceed the flux capacity of the aquifer (estimated at 155 gpm near the Tailings Basin) and result in upwelling of groundwater near the toe of the Tailings Basin.  

Natural dissolution, mobilization, and transport of solutes from the LTVSMC Tailings Basin would still occur at current rates.  Elevated (relative to background) concentrations of several parameters including aluminum, fluoride, iron, manganese, molybdenum, sulfate, and TDS would be expected in groundwater downgradient of the Tailings Basin for a long time (e.g., probably centuries).  This seepage does degrade groundwater quality at the toe of the Tailings Basin as documented by several monitoring wells, but it is unclear to what extent these elevated concentrations impact groundwater quality downgradient, as there are limited groundwater quality monitoring data available.  The little monitoring data that are available do not suggest regular exceedances of groundwater evaluation criteria at downstream evaluation points (e.g., property boundary). It is the tribal cooperating agencies’ position that data collected in 2009 show that private wells north of the basin have been impacted by historic tailings basin effluent. Although two additional groundwater samples north of the basins collected in 2009 indicate that exceedances exist at the property boundary, the full extent of the contaminant plume has not been defined.

The Closure Plan for the LTVSMC Tailings Basin calls for regrading (to avoid ponding of stormwater in low areas), vegetative restoration, and water quality monitoring as required by NPDES/SDS Permit #0054809.  The Closure Plan does not propose any remediation of groundwater seepage from the Tailings Basin.  Tribal cooperating agencies note that there is no up to date closure plan for the proposed project. It is the tribal cooperating agencies’ position that a closure plan is needed to evaluate long term environmental impacts and to inform calculations of financial assurance that would be needed for the project. For more information refer to section 3.1.7.

Over 60 AOCs have been identified at the former LTVSMC property (see Tables 4.1-9 and 10).  Several of these have been closed through the VIC program, and many others are at various stages of completion within this program.  With few exceptions, the sites that have been investigation have had limited or no contamination.  There are a few sites with more significant contamination, including two sites contaminated with petroleum products.  The contaminated soils have been landfarmed at a permitted land treatment facility in Cell 2W.  We anticipate that the remaining AOCs will be investigated and remediated as required.  

It is difficult to estimate what effect any remediation activities may have on groundwater quality at the Tailings Basin.  Over time, we would expect groundwater quality to approach background conditions, but the relatively high concentrations of aluminum, iron, and manganese currently found downgradient of the Tailings Basin may reflect natural conditions in this area.  It is the tribal cooperating agencies’ position that the available data does not support this claim. In addition, a basic assumption (i.e. plug flow [TB-14, July 2, 2009, page 9]) of the contaminant transport modeling at the basin (RS74) assumes that all constituents in the groundwater are the result of past and current seepage from the basins.

Effects on Surface Waters

Under the No-Action Alternative, flows in the Partridge and Embarrass rivers, water levels in Colby Lake and Whitewater Reservoir, and surface water quality in the Partridge River would not be affected and should generally remain similar to existing conditions, within the range of natural variability. 

Under the No-Action Alternative, groundwater seepage from the LTVSMC Tailings Basin would continue to affect water quality in the Embarrass River.  Elevated concentrations, especially for sulfate, will continue to occur along the Embarrass River.  Under existing low flow conditions, approximately 66 percent of the sulfate load in the Embarrass River at location PM-13 is attributable to the LTVSMC Tailings Basin, while the Area 5 N pit accounts for approximately 30 percent.  Under average flow conditions, the Area 5 N Pit overflow accounts for about 69 percent of the sulfate load, while under high flows surface runoff is the major contributor of sulfate (46 percent) with the Area 5 N pit accounting for 34 percent.  

There is no surface water standard for sulfate in Minnesota unless a waterbody is determined to be a “wild rice waters.”  MPCA has requested PolyMet to provide additional information regarding wild rice so it can determine how the wild rice standard applies to the Embarrass River.  The Area 5 N Pit and the LTVSMC Tailings Basin clearly represent the major anthropogenic sources of sulfate to the Embarrass River.  Corrective actions at these sites would reduce sulfate loadings and enable water quality at location PM-13 to approach that found at location PM-12. The tribal cooperating agency position on this issue is clear. The wild rice standard applies to all waterbodies where wild rice is found to be growing. It is the expectation of the tribal cooperating agencies that the PCA will enforce the standard accordingly.

Mercury in Water 

The No Action Alternative would have no effect on mercury production at the Mine Site.  At the LTVSMC Tailings Basin, the seepage rate would continue to exceed the aquifer flux capacity, resulting in the upwelling of groundwater.  This seepage has relatively high sulfate concentrations (152 mg/L) and would continue to discharge into the wetlands north of the Tailings Basin and would eventually reach the chain of lakes downstream on the Embarrass River.  Both these wetlands and the downstream lakes are considered high risk situations for mercury methylation.  Therefore, we would expect the sulfate in the seepage from the LTVSMC Tailings Basin to continue to promote the methylation of mercury in the Embarrass River watershed for an undetermined duration.  There is, however, little mercury monitoring data is available to confirm this assumption.  MPCA has approved a proposed mercury monitoring plan submitted by PolyMet that should provide better data to help understand mercury dynamics in the wetlands and lakes downstream from the Tailings Basin.

Summary of the No Action Alternative

Table 4.1-64 provides a summary of the primary water resource effects of the No Action Alternative.  Under this alternative, the Project would not occur and no environmental impacts would result.  As discussed above, groundwater seepage from the LTVSMC Tailings Basin would still exceed the aquifer flux capacity resulting in the continued upwelling of groundwater to wetlands north of the Tailings Basin (refer to Section 4.2 for discussion of wetland impacts associated with the No Action Alternative).  This groundwater has relatively high sulfate concentrations, which would be released to wetlands and eventually flow to downstream lakes, both of which are considered high risk situations for promoting mercury methylation.  

Table 4.1-64
Water Resource Impact Summary of the No Action Alternative

	Key Potential Issues
	Project Effects
	Reference Page Number

	Groundwater levels at the Mine Site
	No effect
	

	Groundwater quality at the Mine Site
	No effect
	

	Flows in the Upper Partridge River
	No effect
	

	Water quality in the Upper Partridge River
	No effect
	

	Water levels in Colby Lake
	No effect
	

	Water quality in Colby Lake
	No effect
	

	Flows in the Lower Partridge River
	No effect
	

	Water quality in the Lower Partridge River
	No effect
	

	Groundwater levels downgradient of the Tailings Basin
	Groundwater seepage would exceed aquifer flux capacity resulting in continued seepage upwelling and wetland impacts. The tribal cooperators take the position that the basins will drain until seepage equals precipitation at which point the hydrology will have returned to approximately pre-basin conditions. As seepage declines, as has been already seen over the past 8 years, surrounding wetlands will begin to recover from the previous hydrologic impacts.
	4.1-104

	Groundwater quality downgradient of the Tailings Basin
	Anticipate slight improvement in groundwater quality as Areas of Concern are investigated and remediated as appropriate. The tribal cooperators take the position that the assumption of plug flow in the contaminant modeling suggests that as precipitation becomes the dominant source of new water to the aquifer, groundwater quality may improve dramatically.
	4.1-104

	Flows in the Embarrass River
	Slight reduction in base flow as a result of gradually reduced seepage rate from Tailings Basin.
	4.1-105

	Water quality in the Embarrass River
	Potential slight improvement in water quality as Areas of Concern are investigated and remediated as appropriate.
	4.1-105

	Mercury in Water
	Relatively high sulfate concentrations in seepage from Tailings Basin would continue to be released to wetlands north of the Tailings Basin and lakes downstream on Embarrass River, both of which represent “high risk situations” for mercury methylation.
	4.1-105


4.1.3.3
Mine Site Alternative
Under the Mine Site Alternative, all Category 2, 3, and 4 waste rock would be used to fill the East Pit (rather than Category 1 and 2 waste rock) in order to minimize the duration that the more reactive sulfide-bearing rock would be allowed to oxidize in surface stockpiles and virtually eliminating long-term sulfide oxidation and associated solute release.  Limestone would be added to temporary stockpiles (Category 2 and 3 waste rock, Category 3 lean ore, and Category 4 waste rock) to neutralize acid formation until the rock can be backfilled into the East Pit beginning in Year 12.  A key assumption is that the addition of limestone would be effective in maintaining a relatively high pH of 8 in order to limit metal solubility.  This can be done, but we recommend close monitoring of the pH and water quality of collected leachate from these stockpiles to insure the effectiveness of the lime treatment (Section 4.1.3.5).  Tribal cooperating agencies disagree with this approach. The tribal cooperators take the position that the effectiveness of lime treatment is very important in the final water quality of mine effluent. Therefore, this analysis should be conducted prior to the constriction of the facility and the results included in the DEIS.

The only permanent stockpiles would be for Category 1 waste rock and overburden.  The temporary higher sulfide waste rock stockpiles would have similar bottom liner systems as those in the Proposed Action to minimize the volume of unrecoverable leakage to groundwater (Table 3.1-1).  This higher sulfide waste rock would only be stored in surface stockpiles until the mining of the East Pit is completed, when the waste rock would be used as backfill.  Several of these stockpiles would then be converted to store Category 1 waste rock from the West Pit; care would be taken to insure that the composite liner system would not be damaged during the conversion and remain functional, but only evapotranspiration caps would be installed. The tribal cooperators take the position that the effectiveness of the evapotranspiration caps has not been demonstrated. Tribal cooperating agencies have requested that this analysis be done (GLIFWC Comment letter of June 30, 2008 and GLIFWC comment letter of February 6, 2009).

As with the Proposed Action, most of the leachate (i.e., recoverable seepage) would be collected, drained to stockpile sumps, and then pumped to the WWTF.  PolyMet proposes to mitigate the increased solute load expected in the East Pit from the disposal of the higher sulfide waste rock by pumping East Pit water through the WWTF from Year 21 to 50.  Most of the treated water would be returned to the East Pit, but a portion would be discharged through a wetland treatment system into the West Pit. As previously discussed, the tribal cooperating agencies’ position is that the effectiveness of the wetland treatment system is in doubt. The remainder of the Proposed Action would remain unchanged (RS74A, Barr 2008).  The overall water balance would remain essentially the same as for the Proposed Action, except for pumping the East Pit water through the WWTF.

The Mine Site Alternative would not affect the size or depth of the mine pits, so its affects on groundwater levels at the Mine Site and in the area surrounding the Mine Site are expected to be the approximately the same as for the Proposed Action. It is the tribal cooperating agencies’ position  that the effects on groundwater levels at the mine site are unknown for both the proposed project and the mine site alternative because of insufficient analysis. The Mine Site Alternative would not affect the water budget for the Project, so the affects on flow in the Partridge and Embarrass rivers and on water levels at Colby Lake and Whitewater Reservoir are expected to be approximately the same as for the Proposed Action.  Under the Mine Site Alternative, there would be no substantive change in the amount of ore processed, the amount of tailings generated, or the quality of the tailings disposed in the Tailings Basin.  Therefore, the Mine Site Alternative is expected to have similar effects on groundwater levels and quality at the Tailings Basin as the Proposed Action.  This alternative only involves activities within the Partridge River watershed, so it would have no direct or indirect effects on surface water quality in the Embarrass River.

The Mine Site Alternative, however, could potentially affect groundwater quality at the Mine Site and surface water quality within the Partridge River watershed, so these two potential effects are evaluated below.

Effects on Groundwater Quality at the Mine Site

The two principal geochemical issues associated with subaqueous disposal of Category 2, 3, and 4 waste rock would be the dissolution of oxidation products formed prior to inundation with water in the East Pit (i.e., during temporary surface stockpiling) and continued reaction of the rock once submerged.

Evaluation Methodology

Modeling to estimate solute loadings from the source areas (e.g., rock stockpiles and mine pit walls) and solute transport to evaluation points used the same methodology as used for the Proposed Action.  Based on the proposed liner and cap systems, three liner leakage scenarios (i.e., low, average, and high) were evaluated as part of the deterministic modeling.  

As discussed previously, it is believed that the high liner leakage scenario would result in an unreasonably high leakage rate because it assumes a combined worse case scenario (Section 4.1.3.1).  For the Proposed Action, we had reservations about using the average liner leakage rate, as it may not fully account for the essentially permanent use of the liner (e.g., liner degradation over time, differential settlement, accidental tears during waste rock placement).  We do not have those same reservations about using the average liner leakage rate for the Mine Site Alternative because the reactive rock would only be temporarily (i.e., on average 10 years) stockpiled on these liners so concerns about liner degradation over time and differential settlement are not really applicable.  We do still have concerns regarding the adequacy of the proposed overliner cover thickness to protect the liner from accidental tears or rips during waste rock placement or removal given both the size of the waste rock and the equipment necessary to place it or remove it properly.  This issue is further addressed in Section 4.1.3.5.  Therefore, we evaluate the modeling results using the average liner leakage rate.

A steady state flow model was first used to assess the transport of all solutes under high, medium, and low leakage rates through waste rock liners.  The solute sources and flow paths were modified slightly from the Proposed Action to reflect the changes in the stockpiles.  For those parameters that showed the potential to exceed groundwater evaluation criteria, more detailed transient flow modeling was conducted using the same methodology and models used for the Proposed Action.  As also discussed previously, based on site-specific sorption testing, we are comfortable with accepting values no higher than the low range of the USEPA Sorption Screening Level Values for arsenic, copper, and nickel, but not for antimony even though the testing did show some sorption occurring (Table 4.1-39).  

The modeling conservatively assumed that all oxidized solutes would be leached during flooding of the East Pit.  In fact, solubility constraints may limit leaching and some portion of the solute load would not be leached.  Conversely, the modeling assumed all backfill rock would not oxidize further once submerged. 

Model Results

Using the solute loading estimates from the stockpiles and mine pits, the initial steady state modeling was used to identify solutes that could exceed groundwater evaluation criteria.  Table 4.1-65 summarizes the results of this initial modeling.  It should be noted that aluminum, beryllium, iron (for Flow Paths #1 and 2), manganese (for Flow Paths #1 and 2), and thallium exceeded the groundwater evaluation criteria in the model; however, this was due to high background concentrations that were not attributable to the Project and these solutes were not carried forward for detailed transient flow modeling.  

Table 4.1-65
Summary of Potential Exceedances of Groundwater Evaluation Criteria at the Mine Site Using Steady State Model

	Flow Path
	Potential Groundwater Evaluation Criteria Exceedances
	Additional Constituents for Transient Model

	#1 – Category 1 & Overburden Stockpile
	Arsenic, antimony, nickel, sulfate aluminum, iron, manganese
	--

	#2 - West Pit
	Arsenic, antimony, aluminum, iron, manganese, beryllium, thallium
	Sulfate

	#3 – Lean Ore Surge Pile
	Iron, manganese, aluminium, beryllium, thallium
	Sulfate

	#4 – East Pit and Category 4 Waste Rock Stockpile
	Iron, aluminum, beryllium, thallium 
	Sulfate

	#5 - Category 3 Lean Ore Stockpile
	Aluminum, beryllium, thallium,
	--

	#6 - Category 2/3 Waste Rock Stockpile
	Antimony, arsenic, iron, manganese aluminum, beryllium 
	Sulfate


Source: Modified from Tables 8-2 to 8-20 in RS74A, Barr 2008.

Notes: Constituents in bold and italics exceeded groundwater evaluation criteria.  Constituents in italics were not carried forward to transient modeling.

Those solutes that were identified as potentially exceeding groundwater evaluation criteria using the initial steady state modeling, as well as sulfate, were then subjected to more detailed analysis using transient flow modeling.  Table 4.1-66 provides a summary of the results showing that only antimony (from the Category 1/Overburden stockpile, West Pit, and Category 2/3 stockpile) would exceed USEPA primary MCLs or MDH Health Risk Limits.  Iron and manganese (both only from the Category 2/3 Stockpile) would exceed USEPA secondary MCLs at the evaluation points for varying durations.  

The predicted antimony concentrations do not account for any sorption even though the site-specific sorption testing at the Mine Site did find relatively low levels of sorption occurring (Kd values of 1.6 and 22, average of 12).  Assuming a relative modest sorption value (e.g., Kd = 4, which is less than the average of the site-specific testing), antimony would meet groundwater evaluation criteria at all flow paths.  Further, as mentioned previously, the predicted antimony concentrations may be overestimated because the concentration cap from the contaminated humidity cell results was used.  Therefore, there is some uncertainty as to whether antimony would actually exceed the groundwater evaluation criteria.

Iron and manganese are both only USEPA secondary MCL standards, which are established only as guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor.  These contaminants are not considered to present a risk to human health or aquatic life.  

Table 4.1-66
Summary of Maximum Concentrations Predicted Using Deterministic Transient Flow Modeling for Mine Site Alternative

	Parameters
	Unit
	Evaluation Point
	Groundwater

Evaluation Criteria
	Liner Leakage Model(s) with Criteria Exceeded
	Predicted Model Maximum Concentration


	Period Exceeding Groundwater Evaluation Criteria (Mine Years)
	Predicted Maximum Concentration

(no sorption)

	Flow Path #1 - Category 1 & Overburden Stockpile 
	
	
	
	
	
	
	

	Antimony
	µg/L
	Property Boundary
	6
	Low, Average
	16
	166-2000
	16

	Arsenic
	µg/L
	Property Boundary
	10
	None
	2.8
	NA
	46

	Nickel
	µg/L
	Property Boundary
	100
	None
	5.7
	NA
	55

	Sulfate
	mg/L
	Property Boundary
	250
	None
	211
	NA
	211

	Flow Path #2 - West Pit 
	
	
	
	
	
	
	

	Antimony
	µg/L
	Property Boundary
	6
	Low, Average
	7.2
	~300-2000
	7.2

	Arsenic
	µg/L
	Property Boundary
	10
	None
	2.8
	NA
	41

	Sulfate
	mg/L
	Property Boundary
	250
	None
	120
	NA
	120

	Flow Path #3 - Lean Ore Surge Pile 
	
	
	
	
	
	
	

	Iron
	µg/L
	Partridge River
	300
	None
	220
	NA
	220

	Manganese
	µg/L
	Partridge River
	50/300
	None
	40
	NA
	40

	Sulfate
	mg/L
	Partridge River
	250
	None
	14
	NA
	14

	Flow Path #4 – East Pit & Category 4 Stockpile 
	
	
	
	
	
	
	

	Iron
	µg/L
	Partridge River
	300
	None
	270
	NA
	270

	Sulfate
	mg/L
	Partridge River
	250
	None
	46
	NA
	46

	Flow Path #5 - Category 2 and 3 Stockpile 
	
	
	
	
	
	
	

	Antimony
	µg/L
	Partridge River
	6
	Low, Average
	8.6
	Unknown
	8.6

	Arsenic
	µg/L
	Partridge River
	10
	None
	2.1
	NA
	3.4

	Iron
	µg/L
	Partridge River
	300
	Low, Average
	490
	Unknown
	490

	Manganese
	µg/L
	Partridge River
	50/300
	Low
	57
	Unknown
	57

	Sulfate
	mg/L
	Partridge River
	250
	None
	213
	NA
	213

	Flow Path #6 - Category 3 Lean Ore Stockpile 
	
	
	
	
	
	
	

	Sulfate
	mg/L
	Partridge River
	250
	None
	14
	NA
	14


Source: Tables 8-24, 8-25, and 8-26, RS74A, Barr 2008.

Notes:  Bold (e.g., 0.014) indicates exceeds groundwater evaluation criteria.  

The deterministic modeling indicates that the Mine Site Alternative has less potential to impact groundwater quality than the Proposed Action in terms of the number of flow paths and parameters that are predicted to exceed groundwater evaluation criteria, as well as the magnitude and duration of those exceedances (Table 4.1-67).  Under the Mine Site Alternative, the only exceedances of groundwater evaluation criteria would be for secondary MCL standards (i.e., iron and manganese) that can be readily removed in water treatment, and possibly antimony.  

Table 4-1-67
Comparison of Exceedances of Groundwater Evaluation Criteria for the Proposed Action and Mine Site Alternative at the Mine Site

	Parameters
	Proposed Action
	Mine Site Alternative

	Antimony
	Category 1/2 waste rock/overburden stockpile

West Pit

East Pit & Category 4 waste rock stockpile

Category 3 waste rock stockpile
	Category 1/overburden stockpile
West Pit

Category 2/3 waste rock stockpile

	Arsenic
	No exceedances
	No exceedances

	Copper
	No exceedances
	No exceedances

	Iron
	Lean Ore surge pile

East Pit/Category 4 waste rock stockpile

Category 3 waste rock stockpile

Category 3 lean ore stockpile
	Category 2/3 waste rock stockpile

	Manganese
	Lean Ore surge pile

East Pit/Category 4 waste rock stockpile

Category 3 waste rock stockpile

Category 3 lean ore stockpile
	Category 2/3 waste rock stockpile

	Nickel
	Category 3 waste rock stockpile

West Pit

Category 3 lean ore stockpile
	No exceedances

	Sulfate
	Category 1/2 waste rock/overburden stockpile

West Pit

Category 3 waste rock stockpile
	No exceedances


Source:  Modified from Tables 6-30, 6-31, 6-32, 8-24, 8-25, and 8-26, RS74A, Barr 2008.

Effects on Surface Water Quality within the Partridge River Watershed 

The effects of the Mine Site Alternative on groundwater quality discussed above would ultimately affect surface water quality as groundwater contributes to base flow in the Partridge River, as well as to the eventual overflow of the West Pit around Year 65.

Evaluation Methodology

Effects of the Mine Site Alternative on water quality in the Partridge River were evaluated using mass balance models linked to the hydrology prediction from the XP-SWMM model as was done for the Proposed Action.  Deterministic water quality predictions for 26 parameters during Years 1, 5, 10, 12, 15, 20, Closure, and Post-Closure for the Mine Site Alternative were conducted for low, average and high flows at seven locations along the Partridge River (Figure 4.1-11) and at Colby Lake (RS74A, Barr 2008).  

Partridge River and Colby Lake Water Quality Predictions

The maximum deterministic water quality prediction for some key water quality parameters are summarized below in Table 4.1-68.  All constituents meet minimum in-stream Minnesota water quality standards at all locations in the Partridge River during low, average and high flow conditions for all modeled scenarios under the Mine Site Alternative, except for arsenic, iron, and thallium at Colby Lake (RS74A, Barr 2008).  

Table 4.1-68
Predicted Water Quality along the Partridge River for the Mine Site Alternative

	
	
	Partridge River
	Colby Lake

	General Parameter
	Unit
	Standard
	Maximum Concentration
	Location
	Standard
	Maximum Concentration

	Fluoride
	mg/L
	--
	0.3
	USGS
	2.0
	0.1

	Sulfate
	mg/L
	NA
	33.1
	SW-004a
	250
	15.8

	Metals - Total
	
	
	
	
	
	

	Aluminum
	µg/L
	125
	114
	USGS
	125
	76.3

	Antimony
	µg/L
	31.0
	6.3
	SW-004A
	5.5
	3.7

	Arsenic
	µg/L
	53.0
	7.6
	SW-004A
	2.0
	4.9

	Cadmium
	µg/L
	0.91
	0.1
	Multiple
	2.52
	0.1

	Cobalt
	µg/L
	5.0
	1.6
	USGS gage
	2.8
	0.8

	Copper
	µg/L
	7.61
	3.4
	SW-004a
	9.32
	2.1

	Iron
	µg/L
	--
	1,604
	USGS gage
	300
	1,713

	Lead
	µg/L
	2.31
	1.2
	Multiple
	3.22
	0.7

	Nickel
	µg/L
	42.41
	15.2
	USGS gage
	52.02
	4.6

	Thallium
	µg/L
	0.56
	0.4
	Multiple
	0.28
	0.4

	Zinc
	µg/L
	86.21
	24.9
	USGS
	1202
	18.0


Source:  Tables 7-1 to 7-24, RS74A, Barr 2008

Assumed hardness concentration of approximately 80 mg/L for Partridge River and 100 mg/L for Colby Lake.

1
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of 80 mg/L.

2
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 100 mg/L.

As discussed for the Proposed Action, the exceedances for iron and thallium are related to the high ambient concentration of iron found during surface water quality monitoring and the laboratory detection limit for thallium.  The exceedance for arsenic appears to be an artifact of model input assumptions as discussed for the Proposed Action.  High estimates of arsenic concentrations in existing Colby Lake water quality and in West Pit overflow were used.  Adjusting existing Colby Lake arsenic concentrations for the results of the recent sampling and the predicted West Pit overflow water quality from the results of the Uncertainty Analysis (90% cumulative probability concentration) would result in a predicted high concentration less than the 2.0 µg/L arsenic standard.  Therefore, the Mine Site Alternative is not expected to result in any exceedances of surface water quality standards in the Upper Partridge River or Colby Lake.  The Mine Site Alternative would have no effect on water quality downstream of Colby Lake.
Both the Proposed Action and the Mine Site Alternative would comply with all surface water quality standards along the Partridge River.  As Table 4.1-69 indicates, the Mine Site Alternative would result in improved water quality for most parameters, although lead, zinc, and sulfate concentrations are predicted to be marginally lower under the Proposed Action.  Tribal cooperating agencies note that wild rice grows on the lower Partridge River. Therefore, it is the tribal cooperating agencies’ position that the wild rice sulfate standard applies and the mine site alternative effluent would exceed that standard (Table 4.1-69).
Table 4.1-69
Comparison of Highest Predicted Concentrations for the Partridge River under the Proposed Action and Mine Site Alternative

	General Parameter
	Unit
	Standard
	Proposed Action
	Mine Site Alternative

	Fluoride
	mg/L
	--
	0.3
	0.3

	Sulfate
	mg/L
	NA
	31.7
	33.1

	Metals - Total
	
	
	
	

	Aluminum
	µg/L
	125
	115
	114

	Antimony
	µg/L
	31.0
	6.9
	6.3

	Arsenic
	µg/L
	53.0
	8.3
	7.6

	Cadmium
	µg/L
	0.91
	0.1
	0.1

	Cobalt
	µg/L
	5.0
	2.1
	1.6

	Copper
	µg/L
	7.61
	7.0
	3.4

	Lead
	µg/L
	2.31
	1.1
	1.2

	Nickel
	µg/L
	42.41
	25.6
	15.2

	Zinc
	µg/L
	86.21
	24.6
	24.9


Source:  Tables 5-4 to 5-24 and Tables 7-1 to 7-24, RS74A, Barr 2008

1
Water Quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 80 mg/L.

West Pit Overflow Water Quality Predictions

Around Year 65, the West Pit is predicted to overflow.  This overflow would represent the one and only surface discharge from the Project under the Proposed Action. The deterministic modeling results suggest that perhaps as many as three parameters could exceed water quality standards, in addition to relatively high sulfate concentrations, although there is no applicable surface water sulfate standard (Table 4.1-70).  The data in Table 4.1-70 reflects the highest predicted concentrations from all flow conditions.

In comparison with the Proposed Action, the Mine Site Alternative would have fewer parameters predicted to exceed surface water quality standards (three vs five parameters), generally lower concentrations for those parameters that would still exceed standards (with the exception of selenium), and generally lower concentrations for most other parameters that would meet standards.  Although no Uncertainty Analysis was conducted for the Mine Site Alternative, the Uncertainty Analysis conducted for the West Pit water quality under the Proposed Action indicated that arsenic concentrations may be lower and copper and nickel concentrations may be higher than predicted by the deterministic model.  

Table 4.1-70
Comparison of West Pit Post-Closure Deterministic Water Quality Predictions for the Proposed Action and Mine Site Alternative

	Constituent
	Units
	Water Quality Standard
	Mine Site Alternative
Maximum Concentration
	Proposed Action 
Maximum Concentration

	General Parameters

	Chloride
	mg/L
	230
	48
	21

	Fluoride
	mg/L
	--
	0.5
	2.3

	Hardness
	mg/L
	500
	408
	364

	Sulfate
	mg/L
	--
	271
	247

	Metals – Total
	
	
	
	

	Aluminum
	ug/L
	125
	19
	140

	Antimony
	ug/L
	31
	15.4
	21.3

	Arsenic
	ug/L
	53
	188
	198

	Cadmium
	ug/L
	7.41
	0.23
	0.15

	Cobalt
	ug/L
	5.0
	6.9
	8.0

	Copper
	ug/L
	311
	6.0
	17

	Iron
	ug/L
	--
	100
	150

	Lead
	ug/L
	19.11
	7.8
	6.5

	Manganese
	ug/L
	--
	10
	116

	Nickel
	ug/L
	1711
	61
	72

	Selenium
	ug/L
	5.0
	14.8
	7.7

	Thallium
	ug/L
	0.56
	0.19
	0.26

	Zinc
	ug/L
	3941
	52
	78


Source:  Table 4-59, RS74A, Barr 2008.

1
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 400 mg/L.

The West Pit overflow would discharge to an unnamed “waters of the state” and would have to meet effluent limitations based on meeting surface water quality standards, taking into account the assimilative capacity of the receiving waters under the 7-day, 10-year (7Q10) low flow.  The unnamed tributary to which the West Pit would discharge would essentially function as a mixing zone and water quality standards may be exceeded.  The water quality of the West Pit overflow, however, is not predicted to result in exceedances of surface water standards in the Partridge River at SW-004 (located approximately 1,000 feet downstream from where the West Pit overflow would reach the Partridge River) or Colby Lake.  This impact may also represent the effects of a first flush of solutes and be relatively short term.  We would expect water quality in the West Pit to improve as oxidation would be negligible once the pit walls are submerged.  Section 4.1.3.5 discusses potential mitigation measures to address the potential for exceedances of surface water standards.  As discussed for the proposed action, tribal cooperators disagree with this approach. It is the tribal cooperating agencies’ position that all waters of the state are protected by surface water quality standards and using the unnamed water to dilute the contaminants of the West pit is not appropriate. Furthermore, tribal cooperators note that the pit lake is predicted to not meet surface water quality standards for hundreds or thousands of years.

Mercury in Water

The Mine Site Alternative would be expected to result in similar mercury concentrations in the West Pit overflow as the Proposed Action.  Since neither the WWTF nor the East Pit constructed wetlands, which are the two primary treatment facilities for inflow to the West Pit, are expected to be consistently effective in mercury removal, we have some concerns regarding the potential mercury concentration in the West Pit.  As discussed above, PolyMet did conduct batch tests to simulate the effects of mine area rock on pit water chemistry using local rainfall (12 ng/L total mercury).  The test results indicated that contact with Duluth Complex rock actually decreased total mercury concentrations to between 1.9 and 3.2 ng/L (RS53/42, SRK 2007).  Water quality sampling indicates that, on average, most area pits (11 out of 14 sampled) meet the 1.3 ng/L standard for mercury (range from 0.55 to 1.87 ng/L) (Borovsky 2009).  In summary, there remains some uncertainty as to whether the West Pit overflow would meet the Great Lakes Initiative standard for mercury and we recommend additional analysis of this issue. As previously discussed, it is the tribal cooperating agencies’ position that this analysis must be included in the DEIS.
Summary of the Mine Site Alternative

Table 4.1-71 provides a summary of the primary water resource effects of the Mine Site Alternative.  Under this alternative, the permanent subaqueous disposal of the most reactive waste rock (all Category 2, 3, and 4, waste rock) in the East Pit, rather than in permanent surface stockpiles, would virtually eliminate long-term sulfide oxidation and associated solute release and would significantly improve groundwater quality at the Mine Site relative to the Proposed Action.  This predicted enhancement in groundwater quality would ultimately result in improved water quality in the Partridge River for most parameters.

Table 4.1-71
Water Resource Impact Summary of the Mine Site Alternative

	Key Potential Issues
	Project Effects
	Reference 
Page Number

	Groundwater levels at the Mine Site
	Drawdown expected during mine operations and filling of West Pit (~65 years), but minimal impact to surrounding wetlands expected.  Tribal cooperating agencies disagree with this conclusion because it is based on  unsupported assumptions and inadequate data.
	Same as Proposed Action

	Groundwater quality at the Mine Site
	Antimony concentrations may exceed USEPA primary MCL and MDH Health Risk Limits.
	4.1-107

	Flows in the Upper Partridge River
	Minimal reduction in annual 7-day low (~0.1 cfs).  No significant effect on river morphology or 100-year floodplain. Tribal cooperating agencies take the position that there is insufficient data to support this claim.
	Same as Proposed Action

	Water quality in the Upper Partridge River
	All parameters would meet surface water quality standards under all flow conditions for all mine years.  West Pit overflow in Closure predicted to initially exceed standards, but water quality is expected to improve over time. Tribal cooperating agencies take the position that the west pit is predicted to exceed standards for all years for which predictions were made.
	4.1-112

	Water levels in Colby Lake
	Negligible increase in average water level drawdown and improvement in maximum annual fluctuation and % days below critical lake elevation.
	Same as Proposed Action

	Water quality in Colby Lake
	Predicted to meet all water quality standards under all flow conditions for all mine years.
	4.1-112

	Flows in the Lower Partridge River
	 Reduce flows by as much 13 cfs (12%) relative to a mean annual flow of approximately 111 cfs at the Aurora gaging station on the Partridge River.
	Same as Proposed Action

	Water Quality in the Lower Partridge River
	All parameters should meet surface water quality standards under all flow conditions for all mine years.  Tribal cooperating agencies take the position that the wild rice standard for sulfate would be exceeded.
	4.1-112

	Groundwater levels downgradient of the Tailings Basin
	Not applicable
	Not applicable

	Groundwater quality downgradient of the Tailings Basin
	Not applicable
	Not applicable

	Flows in the Embarrass River
	Not applicable
	Not applicable

	Water quality in the Embarrass River
	Not applicable
	Not applicable

	Mercury in Water
	There is some uncertainty as to whether the West Pit overflow would meet the Lake Superior mercury standard.
	4.1-115


4.1.3.4
Tailings Basin Alternative

The intent of the Tailings Basin Alternative is to reduce groundwater contamination by metals from the tailings; avoid the release of seepage with relatively high sulfate concentration to the wetlands north of the Tailings Basin and lakes downstream that represent “high risk situations” for mercury methylation; and minimize conflicts with potential “wild rice waters.”  These objectives would be achieved by installing vertical wells that would capture approximately 95 percent of the seepage from the Tailings Basin and discharge it either back into the Tailings Basin for reuse at the processing plant or to the Partridge River downstream of Colby Lake.  The Tailings Basin Alternative differs from the Proposed Action in two significant ways that affect water resources:

· Install groundwater extraction wells along the northern embankment of Cells 2E and 2W (and around the west side of Cell 2W if necessary); and

· Extend bentonite amended tailings cover over the top of the entire uppermost lift of the embankment.

Two different options are considered under this alternative, which relate to the extent of recycling seepage back into the Tailings Basin during mine operations (Years 1 – 20).  The “Maximum Recycle Option” would return nearly the maximum amount of seepage that could be reused as make up water at the Plant Site in lieu of withdrawals from Colby Lake, and pump the remaining seepage to the Partridge River.  The “No Recycle Option” would not return any seepage to the Tailings Basin and would pump all seepage to the Partridge River (although surface seepage would still be captured and returned to the Tailings Basin as with the Proposed Action).  These two options essentially provide “bookends” to a range of seepage management options (i.e., the allocation of pumped seepage to the Tailings Basin or the Partridge River).  This alternative would provide flexibility during mine operations on where to discharge pumped seepage based on actual water quality.  In general, the preference would be to maximize the amount of water recycled to the Tailings Basin (in order to minimize hydrologic impacts to the Partridge River from water withdrawals from Colby Lake), as long as it would not result in exceedances of groundwater or surface water quality standards or become unsuitable for use as make up water at the processing plant.  It is the tribal cooperating agencies’ position that an untreated discharge of tailings basin water to the Partridge River  will exceed water quality standards.  In particular the wild rice standard will be exceeded.

It is assumed under the Tailings Basin Alternative that the vertical wells would continue to operate at least through Year 50, which is the same year that operation of the WWTF would cease under the Mine Site Alternative.  Actual monitoring of seepage rates and water quality would determine when pumping could be terminated and the seepage allowed to flow naturally toward the Embarrass River.  A permeable reactive barrier (PRB) would be installed to provide final treatment of the seepage, if needed, to meet groundwater evaluation criteria, assuming testing during operations demonstrates it to be effective. Tribal cooperating agencies note that pumping could be needed for hundreds or thousands of years if the PRB is not effective. The PRB is untested and has not been demonstrated to work in any similar situations. In addition, the PRB would need periodic recharging/replacement which would need to occur at regular intervals for as long as water treatment is needed (hundreds or thousands of years). It is the tribal cooperating agencies’ position that this long term maintenance is at odds with Minnesota’s goal of maintenance free closure.  

The Tailings Basin Alternative would not modify the size or depth of the proposed mine pits, so its effects on groundwater levels or quality at the Mine Site are expected to be approximately the same as for the Proposed Action.  The Tailings Basin Alternative would not modify the drainage volumes or water quality from the Mine Site and, therefore, its effects on flows and water quality in the Partridge River (upstream of Colby Lake) are expected to be approximately the same as for the Proposed Action.
The Tailings Basin Alternative, however, would affect the water budget for the Project by possibly recycling some of the pumped water from the vertical wells for reuse at the Plant Site and discharging the remaining pumped water to the Partridge River.  These changes would be expected to affect groundwater levels and quality at the Tailings Basin, surface water flows and quality in both the Embarrass and Partridge rivers and water levels at Colby Lake relative to the Proposed Action.  Each of these potential effects is described below.

Effects on Groundwater Levels at the Tailings Basin

Tailings disposal by LTVSMC raised groundwater levels within the Tailings Basin (i.e., mounding) and increased seepage volumes above the flux capacity of the aquifer, resulting in upwelling of seepage to the surface and inundation of wetlands immediately north of the Tailings Basin.  Under the Tailings Basin Alternative, vertical wells located along the benches of the northern embankment of Cells 2E and 2W and possibly extended along the eastern side of 2E and the western side of 2W (Figure 3.2-2) would collect most of the PolyMet seepage volume via pumping, with discharge either back into the Tailings Basin for reuse at the Plant Site and/or discharge to the Partridge River.  Table 4.1-72 summarizes seepage generation and the amount of seepage that would be recovered and not recovered for existing conditions, various years during mine operations, and Closure.  The data indicate that pumping by the vertical wells would reduce the amount of unrecovered NorthMet seepage being released to the aquifer downgradient of the Tailings Basin by approximately 95 percent during operations and 150 percent during Closure (until pumping ceases).  There would be no recovery of Tailings Basin seepage under either existing conditions or the Proposed Action.  The rate of unrecovered PolyMet seepage would be less than the aquifer flux capacity (i.e., 155 gpm), but the total seepage rate (PolyMet seepage plus residual LTVSMC seepage from Cell 2W) would still significantly exceed aquifer flux capacity during operations and would about double aquifer capacity during Closure.

Effects on Groundwater Quality Downgradient of the Tailings Basin

Seepage from the Tailings Basin would affect downgradient groundwater quality.  Under the Tailings Basin Alternative, most of this seepage would be collected via pumping from the vertical wells, which would be discharged either back into the Tailings Basin for reuse at the Plant Site and/or discharged to the Partridge River.  In either case, most of the solutes transported by this seepage would not be released to the aquifer downgradient of the Tailings Basin.  

Table 4.1-73 provides the predicted seepage water quality as it leaves the Tailings Basin, not accounting for any advection, dilution, or sorption.  The toe of the Tailings Basin is not considered an evaluation point in terms of compliance with groundwater evaluation criteria.  The predicted solute concentrations for the Maximum Recycle Option are, with few exceptions, higher than for the No Recycle Option.  Both options generally would have higher solute concentrations than the Proposed Action.  This would be expected as the concentrations in the seepage are generally higher than the Colby Lake water it would be replacing as make up water.  

It should be noted, however, that the predicted seepage concentrations in Table 4.1-73 would represent the expected water quality of the water pumped by the vertical wells and discharged to the Partridge River; these effects are discussed below (Effects on Water Quality in the Partridge River).

Table 4.1-72
Tailings Basin Groundwater Seepage Toward the Embarrass River for the Tailings Basin Alternative (in gpm)

	
	PolyMet Seepage
	Total Seepage

	Mine Year
	Cell 1E/2E Seepage
	Hydromet Seepage
	Total Seepage
	Total Unrecovered Seepage
	Total Recovered Seepage2
	% Recovered Seepage
	Total PolyMet Seepage
	Cell 2W Seepage
	Total Seepage
	Total Unrecovered Seepage2
	Total Recovered Seepage2
	% Recovered Seepage2

	Existing
	9001
	NA
	9001
	900
	0
	0%
	900
	895
	1,795
	1,795
	0
	0%

	Year 1
	1,600
	0.5
	1,600
	80
	1,520
	95%
	1,600
	895
	2,496
	9,75
	1,520
	61%

	Year 5
	2,260
	6.7
	2,267
	120
	2,147
	95%
	2,267
	895
	3,162
	1,015
	2,147
	68%

	Year 10
	2,490
	7.7
	2,498
	132
	2,366
	95%
	2,498
	895
	3,393
	1,027
	2,366
	70%

	Year 15
	2,700
	7.8
	2,708
	143
	2,565
	95%
	2,708
	895
	3,603
	1,038
	2,565
	71%

	Year 20
	2,900
	8.7
	2,909
	154
	2,755
	95%
	2,909
	895
	3,804
	1,049
	2,755
	72%

	Closure
	4903
	0.7
	491
	40
	741
	151%
	491
	610
	1,101
	360
	741
	67%


Source: Hinck 2009.

1 
Existing Cell 1E/2E seepage is a legacy from LTVSMC operations and not attributable to PolyMet.

2
The seepage collection system would collect an additional average of approximately 100 gpm of surface seepage during mine operations.

3
Hinck conservatively assumed 780 gpm of Cell 1E/2E seepage flowed toward the Embarrass River at Closure, when in fact it is predicted that only 490 gpm of seepage would move in that direction, with the remaining 290 gpm flowing toward Second Creek.

Table 4.1-73
Predicted Seepage Water Quality for the Tailings Basin Alternative

	Parameters
	Unit
	Proposed Action
	Tailings Basin Alternative 
No Recycle Option
	Tailings Basin Alternative Maximum Recycle Option

	
	
	Operational Maximum
	Closure

Maximum
	Operational Maximum
	Closure

Maximum
	Operational Maximum
	Closure

Maximum

	General Parameters

	Calcium
	mg/L
	104
	63
	108
	54
	112
	54

	Chloride
	mg/L
	16.6
	3.9
	16.6
	3.2
	19.5
	3.2

	Fluoride
	mg/L
	3.3
	1.1
	3.3
	0.9
	3.9
	0.9

	Hardness
	mg/L
	404
	398
	404
	308
	426
	308

	Magnesium
	mg/L
	54
	55
	54
	42
	58
	42

	Potassium
	mg/L
	10
	21
	11
	19
	12
	19

	Sodium
	mg/L
	64
	26
	64
	20
	70
	20

	Sulfate
	mg/L
	212
	174
	241
	145
	262
	145

	Metals – Total

	Aluminum
	ug/L
	176
	78
	176
	77
	180
	77

	Antimony
	ug/L
	10.5
	1.2
	11.1
	1.1
	12.3
	1.1

	Arsenic
	ug/L
	9.2
	28
	12
	24
	13
	24

	Barium
	ug/L
	33
	19
	36
	16
	43
	16

	Beryllium
	ug/L
	0.5
	1.3
	0.7
	1.2
	0.8
	1.2

	Boron
	ug/L
	127
	148
	127
	113
	147
	113

	Cadmium
	ug/L
	0.7
	1.2
	0.7
	0.9
	0.9
	0.9

	Cobalt
	ug/L
	2.0
	2.7
	2.3
	2.1
	2.8
	2.1

	Copper
	ug/L
	10
	14
	10.2
	12.1
	12.4
	12.1

	Iron
	ug/L
	569
	98
	569
	87
	325
	87

	Lead
	ug/L
	2.6
	1.0
	3.4
	0.8
	3.4
	0.8

	Manganese
	ug/L
	76
	140
	96
	109
	173
	109

	Nickel
	ug/L
	24
	6
	25.4
	4.6
	34.4
	4.6

	Selenium
	ug/L
	1.4
	3.3
	1.7
	2.7
	1.8
	2.7

	Silver
	ug/L
	0.5
	1.2
	0.6
	1.0
	0.7
	1.0

	Thallium
	ug/L
	0.7
	0.1
	0.8
	0.1
	0.7
	0.1

	Zinc
	ug/L
	63
	13
	79
	12
	90
	12


Source: Tables 2 and 4, Barr 2009, Technical Memorandum: Tailings Basin Seepage Groundwater Quality Impacts Modeling 

The same two-step modeling approach was used to evaluate effects of the Tailings Basin Alternative on groundwater as was used for the Proposed Action.  The initial steady state flow modeling was used as a “screening level model” to determine the constituents of potential concern, with the only mechanism for reduction in constituent concentrations prior to reaching the evaluation points being mixing with aquifer recharge.  The results of the steady state modeling identified nine parameters as having the potential to exceed groundwater evaluation criteria: aluminum, antimony, arsenic, beryllium, fluoride, iron, manganese, sulfate and thallium.  As with the Proposed Action, the predicted beryllium and thallium concentrations are affected by the use of analytical data with detection limits above the evaluation criteria, which resulted in scale-up issues and unrealistically high predictions.  Therefore, these two parameters were not included in the more detailed transient modeling (Barr 2009, Technical Memorandum: TB-14 Plant Site Groundwater Impacts).  

The seven parameters identified in the steady state flow modeling were subjected to more detailed analysis using transient flow modeling.  The transient flow model estimated groundwater quality downgradient from the Tailings Basin both with and without sorption.  As discussed under the Proposed Action, based on the site-specific sorption testing, we feel comfortable accepting the low end of the USEPA screening level values, except for antimony, where a Kd value of 2 was determined to be conservatively low (see discussion under Proposed Action).  Under the Tailings Basin Alternative, antimony (Maximum Recycle Option only) and arsenic were the only parameters for which sorption was included in the transient flow modeling.  

Table 4.1-74 and 4.1-75 provide a summary of the transient flow modeling results, which indicate that the predicted concentrations for most parameters would be slightly higher for the Maximum Recycle Option.  Both options, however, would meet groundwater evaluation criteria, except for aluminum and manganese, both of which would only exceed the USEPA secondary MCLs, which were established only as guidelines to assist public water systems in managing their drinking water for aesthetic considerations, such as taste, color, and odor.  These contaminants are not considered to present a risk to human health.  

Table 4.1-74
Summary of Maximum Concentrations Predicted Using Transient Flow Modeling for the Tailings Basin Alternative – No Recycle Option

	
	
	
	Predicted Maximum Concentration 
(with sorption)
	Period Exceeding Groundwater Criteria

(Mine Years)
	Predicted Maximum Concentration

(no sorption)

Prop boundary

	Solute
	Unit
	Groundwater Evaluation Criteria
	Property Boundary Location
	Residential Well Evaluation Location
	Embarrass River Evaluation Location
	
	

	Aluminum
	µg/L
	50 - 200
	100
	80
	49
	~60 - >500
	100

	Antimony
	µg/L
	6.0
	4.8
	3.8
	2.3
	NA
	4.8

	Arsenic
	µg/L
	10
	3.01
	3.01
	3.01
	NA
	3.0

	Fluoride
	mg/L
	2.0
	0.7
	0.6
	0.5
	NA
	0.7

	Iron
	µg/L
	300
	256
	193
	98
	NA
	256

	Manganese
	µg/L
	50/300
	192
	193
	193
	~1 - >500
	193

	Sulfate
	mg/L
	250
	113
	87
	52
	NA
	113


Source: Table 4-7, Barr 2009, Technical Memorandum: TB-14 Plant Site Groundwater Impacts 

Predictions Notes: Bold values exceed groundwater evaluation criteria

1
Assumes a sorption Kd of 25 for arsenic.
Table 4.1-75
Summary of Maximum Concentrations Predicted Using Transient Flow Modeling for the Tailings Basin Alternative – Maximum Recycle Option

	
	
	
	Predicted Maximum Concentration 
(with sorption)
	Period Exceeding Groundwater Criteria

(Mine Years)
	Predicted Maximum Concentration

(no sorption)

Prop boundary

	Solute
	Unit
	Groundwater Evaluation Criteria
	Property Boundary Location
	Residential Well Evaluation Location
	Embarrass River Evaluation Location
	
	

	Aluminum
	µg/L
	50 - 200
	103
	82
	50
	~60 - >500
	103

	Antimony
	µg/L
	6.0
	1.91
	1.81
	1.51
	NA
	1.9

	Arsenic
	µg/L
	10
	3.02
	3.02
	3.02
	NA
	3.0

	Fluoride
	mg/L
	2.0
	1.0
	0.8
	0.6
	NA
	1.0

	Iron
	µg/L
	300
	149
	117
	69
	NA
	149

	Manganese
	µg/L
	50/300
	192
	193
	193
	~1 - >500
	192

	Sulfate
	mg/L
	250
	142
	108
	58
	NA
	142


Source: Table 4-8, Barr 2009, Technical Memorandum: TB-14 Plant Site Groundwater Impacts.

Notes: Bold values exceed groundwater evaluation criteria

1
Assumes a sorption Kd of 2 for antimony.

2
Assumes a sorption Kd of 25 for arsenic.

Effects on the Partridge River
The Tailings Basin Alternative would discharge tailings basin seepage captured by the vertical wells to the Partridge River, downstream of Colby Lake.  This discharge, which varies in volume and slightly in quality between the No Recycle and Maximum Recycle options, would have some affect on flows and water quality in the Lower Partridge River, but would have no effect on flows or water quality in the Upper Partridge River and negligible effect on water quality in Colby Lake.  Tribal cooperating agencies take the  position that discharging untreated tailings basin water to the Partridge River will have significant adverse impacts.

Water Levels in Colby Lake and Whitewater Reservoir

Under the Proposed Action, it was determined that average Project make up water withdrawals of 3,500 gpm would not have an adverse effect on water levels in Colby Lake because water could be pumped from Whitewater Reservoir to offset these withdrawals.  The Tailings Basin Alternative – Maximum Recycle Option would significantly reduce the need for water withdrawals from Colby Lake to an average of approximately 800 gpm (Barr 2009, Technical Memorandum: TB-14 Plant Site Groundwater Impacts).  To the extent that PolyMet would still be actively managing water levels within Colby Lake, the Maximum Recycle Option may reduce water level fluctuations in Colby Lake, but would certainly reduce the need to pump water from Whitewater Reservoir to maintain water levels in Colby Lake, thereby reducing water level fluctuations in Whitewater Reservoir.  

Flows in the Lower Partridge River

The Proposed Action would reduce flows in the Partridge River during mine operations in three ways:

· Reduction in flow from Mine Site activities, including diversion of surface runoff (contact stormwater) to the WWTF and ultimately to either the Tailings Basin or the East Pit, and a reduction in groundwater baseflow, which total an average of approximately 1.5 cfs;

· Collection of Tailings Basin seepage to Second Creek by the seepage barrier, which pumps approximately 1.2 cfs of seepage otherwise bound to the Partridge River back into the Tailings Basin; and

· Withdrawal of approximately 7.8 cfs (3,500 gpm) of water from Colby Lake for plant make up water.

The Tailings Basin Alternative would still reduce flow in the Partridge River because of Mine Site activities and Second Creek seepage collection, but would withdraw less water from Colby Lake (Maximum Recycle Option only) and would discharge seepage captured by the vertical wells to the Partridge River (both options).  As Table 4.1-76 shows, both of the Tailings Basin Alternative options would have less effect than the Proposed Action on flows in the Lower Partridge River.  To the extent that much of the Tailings Basin seepage is really “Partridge River water” (i.e., contact stormwater from Mine Site that would be pumped to the Tailings Basin and Colby Lake make up water that would be discharged along with the tailings to the Tailings Basin), the Tailings Basin Alternative would be returning a portion of this flow to the Partridge River.

Table 4.1-76
Comparison of Average Effects on Lower Partridge River Flows during Mine Operations

	Alternative
	Mine Site
Activities1
	Second Creek
Seepage Collection
	Colby Lake
Withdrawals
	Vertical Well
Discharge
	Net Effect on
Partridge River Flow

	Proposed Action
	-1.5 cfs
	-1.3 cfs
	-7.8 cfs
	0 cfs
	-10.6 cfs

	Tailings Basin Alternative
No Recycle Option
	-1.5 cfs
	-1.3 cfs
	-7.8 cfs
	+5.2 cfs
	-5.4 cfs

	Tailings Basin Alternative
Maximum Recycle Option
	-1.5 cfs
	-1.3 cfs
	-1.8 cfs
	+1.1 cfs
	-3.5 cfs


Source: Barr 2009, Technical Memorandum: TB-2 and TB-14: Tailings Basin Seepage Groundwater Quality Impacts Modeling Methodology; RS73B, Barr 2008.

1
Average reduction in flow at USGS gage over 10 water years modeled - see Tables 7a-7f, RS73B, Barr 2008

Mean annual flow downstream of Colby Lake is estimated at 116.6 cfs (Barr 2009, External Memorandum: Additional information in support of NorthMet DEIS Critical Path Requires Actions); therefore, the net reduction in Partridge River flow from the two Tailings Basin Alternative options would represent a small percentage of average flow (two to four percent).  Under low flow conditions, the MnDNR Water Appropriate Permit would still require maintenance of critical water levels in Colby Lake and minimum flows downstream.  Under the Tailings Basin Alternative, these minimum flows should occur less often, and the slight reduction in flow should not have any measureable effect on Partridge River morphology.

Water Quality in the Lower Partridge River

The two Tailings Basin Alternative options would discharge an average of between 1.1 to 5.2 cfs to the Partridge River over the approximately 20-year life of the mine.  Table 4.1-73 provides the estimated seepage water quality at the toe of the Tailings Basin, which represents the likely water quality of any seepage discharged to the Partridge River.  These data indicate that the only parameters predicted to exceed surface water standards would be aluminum and thallium.  Tribal cooperating agencies note that wild rice grows on the lower Partridge River. Therefore, it is the tribal cooperating agencies’ position that the 10 mg/l standard for sulfate applies. This standard would be exceeded by the PolyMet discharge. Furthermore, there are other projects (Mesabi Nugget Phase II and Laskin Energy) that are discharging water with elevated constituents. Given these existing sources, it is unlikely that PolyMet discharge would be able to discharge their untreated tailings basin effluent without violating the clean water act.

In the case of aluminum, the surface water standard of 125 µg/L represents dissolved aluminum, while the predicted concentration represents total aluminum. It is the tribal cooperating agencies’ position that the predicted concentrations in TB-15 represent dissolved aluminum (see TB-15, page 1). TB-15 presents the most recent water quality predictions for the Tailings Basin Proposes Action and Alternatives. TB-15 predicts exceedance of standards by dissolved aluminum under the Proposed Action and the Alternatives. The available water quality monitoring data for the toe of the Tailings Basin (Table 4.1-7) indicates that the dissolved aluminum concentrations in at least the LTVSMC seepage is quite low (<25 µg/L) and well below the surface water standard.  Therefore, we expect that the discharge of seepage from the vertical wells to the Partridge River would likely meet the surface water standard for dissolved aluminum.  As discussed above, the predicted thallium concentrations are affected by the use of analytical data with detection limits above the evaluation criteria, which resulted in scale-up issues and unrealistically high predictions.  

Therefore, the Tailings Basin Alternative is not predicted to result in the exceedance of any surface water quality standards. As previously discussed, tribal cooperating agencies disagree. It is the tribal cooperating agencies’ position that aluminum exceeds standards under the Proposed Action and the Alternative. The Tailings Basin Alternative, however, would increase contaminant loadings to the Lower Partridge River.  Sulfate is a key parameter of interest and would have one of the highest loading in the discharge to the Partridge River.  As Table 4.1-77 shows, sulfate concentration would increase in the Partridge River as a result of the discharge of Tailings Basin seepage from the vertical wells.  The impact is predicted to be greater from the No Recycle Option as all the pumped seepage would be discharged to the river as opposed to the Maximum Recycle Option where most of the seepage (during operations) would be recycled to the Tailings Basin for reuse at the Plant Site.  In general, we would expect to see a similar pattern for other parameters. 

Table 4.1-77
Comparison of Predicted Sulfate Concentrations in the Lower Partridge River

	Alternative
	Sulfate Concentrations during Low Flows
(mg/L)
	Sulfate Concentrations during Average Flows
(mg/L)
	Sulfate Concentrations during High Flows
(mg/L)

	Existing Conditions at Colby Lake
	Not available
	17.1
	Not available

	Tailings Basin Alternative
No Recycle Option
	70.7
	26.9
	Not available

	Tailings Basin Alternative
Maximum Recycle Option
	47.2
	22.2
	Not available

	Existing Condition at confluence with First/Second creeks
	Not available
	149
	Not available


Effects on the Embarrass River

The Tailings Basin Alternative would capture most of the Tailings Basin seepage and discharge it to the Partridge River downstream of Colby Lake.  This discharge would reduce groundwater contribution to flow and affect water quality in the Embarrass River.  

Flow in the Embarrass Rivers

The two Tailings Basin Alternative options (No Recycle and Maximum Recycle) would have identical effects on flow in the Embarrass River as the amount of seepage recovered by the vertical wells would be the same under each option.  Table 4.1-72 quantifies the reduction in groundwater seepage to the Embarrass River, which would ultimately translate to reductions in flow.  

Currently the seepage from Cells 1E/2E to the Embarrass River from the LTVSMC Tailings Basin is approximately 2.0 cfs (900 gpm).  As a result of the pumping by the vertical wells, unrecovered seepage to the Embarrass River is predicted to decrease to an average of 0.3 cfs (average of 125 gpm) during Project operations, or a net reduction in flow of approximately 1.7 cfs (775 gpm).  During Closure (at least until seepage water quality would be good enough to allow pumping by the vertical wells to cease), PolyMet seepage to the Embarrass River is predicted to decrease to an average of 0.1 cfs (40 gpm), or a net reduction in flow of approximately 1.9 cfs (860 gpm) relative to existing conditions.  

These reductions in flow of 1.7 cfs (during operations) to 1.9 cfs (during Closure) are small relative to average flow in the Embarrass River of 81.53 cfs (as estimated at location PM-13), but could be more significant during low flows (30-day low flow at location PM-13 is estimated as 5.66 cfs).  To the extent that much of this seepage is expected to upwell to the surface because it would exceed the groundwater flux capacity of the aquifer, these reductions in seepage would not directly translate to reductions in the base flow (groundwater) contribution to the Embarrass River.  This effect has already been observed under existing conditions when observed low flows in the Embarrass River are less than the predicted seepage from the LTVSMC Tailings Basin.  The effective seepage rate during these low flow periods has been estimated at approximately 1.2 cfs (540 gpm) (RS74B, Barr 2008).  Since the predicted total seepage rate (including residual LTVSMC Cell 2W seepage) for the Tailings Basin Alternative would be 2.3 cfs during operations (0.1 cfs from Cells 1E/2E and 2.2 cfs from Cell 2W) and 0.8 cfs during Closure (0.1 cfs from Cell 1E/2E and 0.7 cfs from Cell 2W), which approximate the estimated effective seepage rate of 1.2 cfs, we do not expect any significant change in low flows in the Embarrass River under this alternative.  

Water Quality in the Embarrass River

One of the major objectives of the Tailings Basin Alternative is to improve the predicted water quality in the Embarrass River, especially for sulfate because of potential affects on wild rice and mercury methylation.  Under both Tailings Basin Alternative options, most of the Tailings Basin seepage would be collected and discharged to the Partridge River.  The same methodology was used to predict water quality in the Embarrass River for the Tailings Basin Alternative as was used for the Proposed Action.  Deterministic water quality predictions was conducted for each parameter for seven periods (Years 1, 5, 10, 15, 20, Closure, and Post-Closure), for three flow conditions (low, average, and high) at location PM-13, which is located downstream of all expected Project effects on the Embarrass River.  Water quality at PM-12, which is an upstream control location, should not be affected by this alternative and was not remodeled.

Table 4.1-78 provides the maximum predicted concentrations for the parameters evaluated under both the No Recycle and Maximum Recycle options.  The data indicates that low flows would be the critical flow condition for most parameters.  In general, the predicted water quality is similar between the two Tailings Basin Mitigation options, with concentrations for several parameters slightly higher under the Maximum Recycle Option.  For both options, the only parameter that is predicted to  exceed surface water standards would be aluminum.  Tribal cooperating agencies note that this is not correct. It is the tribal cooperating agencies’ position that the wild rice sulfate standard applies (10 mg/l) and would be exceeded.

Table 4.1-78
Predicted Water Quality along the Embarrass River (PM-13) for the Tailings Basin Alternative

	Parameter
	Units
	Standard
	Modeled Existing Conditions
	No Recycle Option
	Maximum Recycle Option

	
	
	
	
	Predicted High Concentration
	Flow Conditions
	Predicted High Concentration
	Flow Conditions

	General

	Chloride
	mg/L
	230
	10.2
	11.4
	Low Flow
	11.4
	Low Flow

	Fluoride
	mg/L
	2.0
	0.9
	0.8
	Low Flow
	0.8
	Low Flow

	Hardness
	mg/L
	500
	255
	229
	Low Flow
	232
	Low Flow

	Sulfate
	mg/L
	--1
	96
	101
	Low Flow
	105
	Low Flow

	Metals

	Aluminum
	µg/L
	125
	671
	427
	Low Flow
	427
	Low Flow

	Antimony
	µg/L
	31
	0.9
	1.4
	Low Flow
	1.5
	Low Flow

	Arsenic
	µg/L
	53
	2.7
	2.9
	Low Flow
	3.1
	Low Flow

	Cadmium
	µg/L
	2.42
	0.2
	0.3
	Low Flow
	0.3
	Low Flow

	Cobalt
	µg/L
	5.0
	1.3
	1.2
	Low Flow
	1.2
	Low Flow

	Copper
	µg/L
	17.52
	4.1
	4.3
	Low Flow
	4.3
	Low Flow

	Iron
	µg/L
	--
	2,884
	2,880
	High Flow
	2,880
	High Flow

	Lead
	µg/L
	10.42
	1.1
	1.2
	Low Flow
	1.2
	Low Flow

	Manganese
	µg/L
	--
	612
	453
	Low Flow
	455
	Low Flow

	Nickel
	µg/L
	1152
	6.7
	7.5
	Low Flow
	7.9
	Low Flow

	Selenium
	µg/L
	5.0
	2.1
	2.4
	Low Flow
	2.4
	Low Flow

	Thallium
	µg/L
	0.56
	0.1
	0.2
	Multiple Flows
	0.2
	Multiple Flows

	Zinc
	µg/L
	2342
	12.6
	16
	High Flow
	16
	High Flow


Source:  Barr 2009, External Memorandum: TB-15 – Surface Water Quality Model Assumptions and Results for Tailings Basin – Proposed Action and Tailings Basin – Alternative

1
Sulfate standard of 10 mg/L applies if designated wild rice waters are present.  

2
Water quality standard for this metal is hardness-dependent.  Listed value reflects a predicted hardness concentration of approximately 255 mg/L.

Note: Values in bold indicate an exceedance in water quality standards.

As discussed above, the surface water standard of 125 µg/L represents dissolved aluminum, while the predicted concentration represents total aluminum. It is the tribal cooperating agencies’ position that the results in TB-15 (see page 1) represent dissolved aluminum. TB-15 predicts exceedance of the aluminum standard.  The available water quality monitoring data (Table 4.1-7) indicates that the dissolved aluminum concentrations in at least the LTVSMC seepage is quite low (<25 µg/L) and well below the surface water standard.  Therefore, we expect that the aluminum concentration in the Embarrass River would likely meet the surface water standard for dissolved aluminum.

In terms of sulfate, estimated existing sulfate concentrations in the Embarrass River (96 mg/L during low flows at location PM-13) already exceed the 10 mg/L wild rice standard, if it is determined to apply (Table 4.1-79). The tribal cooperating agency position is clear. The wild rice standard applies and must be enforced. Under the Tailings Basin Alternative, the capture of Tailings Basin seepage by the vertical wells would reduce the sulfate loading in the Embarrass River under all flow conditions, which would result in slightly lower sulfate concentrations under average and high flow conditions.  Under low flow conditions, the sulfate loading would still be reduced, but this effect would be offset by reduced flows from the seepage capture resulting in slightly higher sulfate concentrations (Barr 2009, External Memorandum: Additional information in support of NorthMet DEIS Critical Path Requires Actions).  

Table 4.1-79
Comparison of Predicted Sulfate Concentrations for the Embarrass River

	Flow Condition
	Modeled 
Existing Condition
	Proposed Action
	Tailings Basin Alternative
No Recycle Option
Max Concentration
	Tailings Basin Alternative
Maximum Recycle Option
Max Concentration

	Low
	95.9
	145.6
	101.3
	104.7

	Average
	35.5
	45.3
	34.8
	35.1

	High 
	7.1
	8.3
	7.0
	7.0


Table 4.1-79 also allows for a comparison between the Tailings Basin Alternative and the Proposed Action.  The data indicates that the Tailings Basin Alternative would result in significantly reduced sulfate concentrations in the Embarrass River relative to the Proposed Action.

Mercury in Water

The primary way the Tailings Basin Alternative differs from the Proposed Action in terms of mercury in water is related to the potential for sulfate to promote mercury methylation.  As discussed previously, sulfate can promote mercury methylation in certain high risk situations, such as wetlands and lakes that stratify.  

Under the Tailings Basin Alternative, the peak annual sulfate loading (Year 10) attributable to PolyMet (i.e., excludes legacy LTVSMC seepage from Cell 2W) from the Tailings Basin to the aquifer and wetlands to the north would decrease by over 90 percent from the Proposed Action (Table 4.1-80) and would actually be over 70 percent less than existing conditions.  Therefore, the Mine Site Alternative would significantly reduce the potential for mercury methylation in the wetlands north of the Tailings Basin and in the downstream chain of lakes along the Embarrass River that are considered high risk situations by MPCA.

Table 4.1-80
Maximum Annual PolyMet Sulfate Loading from Cells 1E/2E

	Alternative
	Unrecovered Seepage Rate (gpm)
	Concentration
(mg/L)
	Annual Sulfate Loading (kg/year)

	Existing Conditions
	900
	152
	273,000

	Proposed Action
	2,498
	212
	1,052,000

	MSA – No Recycle Option (Year 15)
	132
	212
	53,000

	MSA – Max Recycle Option (Year 20)
	132
	233
	67,000


Source:
Barr, 2009, Tailings Basin Culpability Analysis.

Summary of the Tailings Basin Alternative

Table 4.1-81 provides a summary of the primary water resource effects of the Tailings Basin Alternative.  Under this alternative, the capture of Tailings Basin seepage, which would be recycled to the Tailings Basin for reuse as make up water at the Plant Site and/or discharged to the Partridge River, would significantly reduce the seepage rate to the aquifer downgradient of the Tailings Basin and associated pollutant loadings.  As a result, groundwater downgradient of the Tailings Basin is expected to meet groundwater quality standards.  In addition, the seepage, with relatively high sulfate concentrations, would be directed away from the wetlands and downstream lakes on the Embarrass River, resulting in a significant reduction in the risk of mercury methylation and minimization of impacts to any wild rice waters.  The discharge of captured seepage to the Partridge River is predicted to meet surface water standards.  Tribal cooperating agencies note that wild rice grows on the lower Partridge River. Therefore, it is the tribal cooperating agencies’ position that the wild rice sulfate standard applies and would be exceeded by the proposed PolyMet discharge.

Table 4.1-81
Water Resource Impact Summary of the Tailings Basin Alternative

	Key Potential Issues
	Project Effects
	Reference 
Page Number

	Groundwater levels at the Mine Site
	Not applicable
	Not applicable

	Groundwater quality at the Mine Site
	Not applicable
	Not applicable

	Flows in the Upper Partridge River
	Not applicable
	Not applicable

	Water quality in the Upper Partridge River
	Not applicable
	Not applicable

	Water levels in Colby Lake
	Reduced water withdrawals (Maximum Recycle Option only) should maintain higher water levels in Colby Lake and reduce water level fluctuations in Whitewater Reservoir, while the No Recycle Option would have negligible effect on average water level drawdown in either reservoir.
	4.1-122

	Water quality in Colby Lake
	Not applicable
	Not applicable

	Flows in the Lower Partridge River
	Average flow reduced by between 3.5 cfs (Max Recycle Option) and 5.4 cfs (No Recycle Option), but should have negligible effect on river morphology.
	4.1-123

	Water quality in the Lower Partridge River
	Discharge of between 1.1 cfs (Maximum Recycle Option) and 5.2 cfs (No Recycle Option) of seepage pumped from vertical wells to the Partridge River would meet all surface water quality standards under all flow conditions for all mine years, although it would significantly increase sulfate loadings. Tribal cooperating agencies note that wild rice occurs on the lower Partridge River. Therefore, Tribal cooperating agencies take the position that the wild rice sulfate standard applies and would be exceeded.
	4.1-124

	Groundwater levels downgradient of the Tailings Basin
	Pumping by vertical wells would reduce the amount of unrecovered PolyMet seepage by approximately 95% during operations and 150% during closure (until pumping is allowed to cease) relative to existing conditions.
	4.1-117

	Groundwater quality downgradient of the Tailings Basin
	Seepage from the Tailings Basin would meet USEPA primary MCLs and MDH Health Risk Limits. As stated in TB-14 “Manganese: The concentration of manganese in groundwater is predicted to be above the groundwater standard and the MCL at all four of the evaluation locations.” 
	4.1-118

	Flows in the Embarrass River
	Average flow reduced by 1.7 cfs (during operations) and 2.1 cfs (during Closure), but should have negligible effect on river morphology.
	4.1-125

	Water quality in the Embarrass River
	All parameters would meet all surface water quality standards in the Embarrass River under all flow conditions for all mine years. Tribal cooperating agencies disagree. The wild rice sulfate standard applies and will be exceeded. TB-15 predicts that dissolved aluminum would exceed surface water standards.
	4.1-125

	Mercury in Water
	Significant reduction in mercury methylation risk by reducing PolyMet sulfate loadings from Cells 1E/2E by over 70% relative to existing conditions.
	4.1-127


4.1.3.5
Mitigation Measures

Section 3.2.2 describes potential mitigation measures for impacts from the Project.  Some of these measures have the potential to affect water resources.  These measures are evaluated below as well as recommended water quality monitoring.  

Potential Mitigation Measures

Potential mitigation measures at the Mine Site, Plant Site, and Tailings Basin are discussed below. 

It is the tribal cooperating agencies’ position that treatment of the tailings basin effluent that is captured by the vertical wells must be an integral part of the tailings basin alternative. This treatment could occur in the WWTF already proposed for this project or in a second facility closer to the discharge point. However, treatment of the tailings basin effluent prior to discharge to the Partridge River is not included in the potential mitigation measures listed below. Tribal cooperating agencies strongly oppose an untreated discharge of tailings basin water to the Partridge River. In addition, there are other existing facilities and mine proposals (Laskin Energy, Mesabi Nugget Phase II) that discharge, or are proposing to discharge water at this same location.  Finally, water quality of the discharge would exceed the wild rice sulfate standard that applies to the lower Partridge River.

Mine Site

· Overliner Cover Thickness – PolyMet proposes an overliner cover thickness of 12 to 18 inches to protect the geomembrane at the waste rock stockpiles.  We have concerns regarding the adequacy of this thickness to protect the geomembrane from accidental tears and rips during waste rock placement given both the size of the waste rock and the equipment necessary to place it properly.  We would recommend a nominal overliner thickness of 24 to 36 inches. 

· Chemical Modification of the Reactive Waste Rock Stockpiles - PolyMet currently proposes to construct permanent waste rock stockpiles, which would be revegetated as part of the mine closure.  Although revegetation of the surface stockpiles would reduce exposure of the reactive waste rock, there may be opportunities to decrease the likelihood of ARD from the stockpiles through additional treatment prior to revegetation.  Treating the stockpiles with limestone (in either lump or ground form) would help neutralize the potential for ARD from the stockpiles, and reduce the potential for acidification of groundwater and surface water at the Mine Site.  

· Maximize the Elevation of the Category 1/2 Stockpile – maximizing the height of the Category 1/2 stockpile would reduce the aggregate surface area of the waste rock stockpile and thereby minimize the area exposed to ARD from the stockpile surface.  It is expected that the reduction in area would be small because the stockpile height is already at or close to its maximum height from a geotechnical engineering perspective.

· Overburden management - Preliminary sample analysis of overburden materials suggests a potential that sulfate, mercury, and other heavy metals may be leached upon excavation and interactions with air and meteoric waters that may cause impacts to surface and ground water resources.  If additional sampling and analysis during permitting confirms this potential impact would be significant, mitigation measures could include developing a field characterization method (possibly including visual identification of peat and saturated mineral soils for segregation), and a revised overburden management plan that minimized its use or placement outside of appropriate temporary and permanent storage facilities. 

· Overburden Storage and Laydown Area – PolyMet proposes to store peat and unsaturated overburden in the unlined Overburden Storage and Laydown Area.  Peat, in particular, is a sink for mercury.  The wetting and drying of the peat that would likely occur in this storage area would promote the methylation of mercury.  Drainage from this area should be treated as process water and collected and treated at the WWTF.

· West Pit Overflow – The West Pit, which is predicted to overflow about 45 years after dewatering ceases, would discharge to “waters of the state” and would have to meet effluent limitations based on meeting surface water quality standards, taking into account a mixing zone and the assimilative capacity of the receiving waters under the 7-day, 10-year (7Q10) low flow.  Water quality modeling predicts that this overflow would exceed several surface water standards.  During the 45 years it would take to fill the West Pit, water quality could be monitored.  If water quality is not meeting surface water standards, several corrective actions could be taken depending on the parameters exceeding standards, including:
· Additional wastewater treatment - during the approximately 45-year closure period, the WWTF would be operating at reduced capacity and this excess capacity could be used to provide additional treatment of process water, East Pit overflow water, or even West Pit lake water.  

· Enhanced wastewater treatment – the WWTF could be enhanced with nanofiltration units in series to improve the removal of sulfate and other solutes.

· Addition of limestone – targeted addition of limestone could be used to control the pH of seepage water and reduce the dissolution of metals.

· Addition of iron salts – iron salts could be added directly to the West Pit to improve the co-precipitation and removal of cobalt.

· Biogeochemical treatment – research at a sulfide mine in Canada found that the application of liquid fertilizer to the pit lake proved effective in removing dissolved cadmium, copper, and zinc mainly by absorption onto and some incorporation into organic matter produced through enhanced primary productivity (Poling et al. 2003).

PolyMet has also proposed an additional passive wetland system between the West Pit outlet and Dunka Road if further treatment is required at the time of overflow (RS 52, Barr 2007).  We have concerns regarding reliance on constructed wetlands to remove metals to consistently meet surface water standards.  A passive wetland treatment system in this area could be beneficial in “polishing” the outflow to minimize the number of occasional exceedances that may occur.  On the other hand, a wetland treatment system in this location could promote mercury methylation, depending on the mercury concentration in the overflow.

If these mitigation measures were not successful at improving West Pit water quality to surface water standards at the time of overflow, the West Pit overflow structure could be altered to route flows to the WWTF for treatment before discharge until the overflow would meet surface water standards.  We recommend that the water quality of the West Pit be monitored regularly after Closure so corrective action could be taken such that water quality at the time of overflow would meet surface water standards and diversion to the WWTF would not be required (see Recommended Monitoring Measures below).  
Plant Site

· Plant Site Stormwater Management – PolyMet indicates the potential need for, but does not actually propose, stormwater management facilities to control runoff from the processing plant area.  The provision of stormwater management facilities at the processing plant area would not only help control erosion and sedimentation both upstream and downstream from the facilities, but would also provide a collection point in the event of an accidental spill.  We recommend such storm water management controls be designed and installed.

Tailings Basin

· Use of Alternative Embankment Material – As part of the Proposed Action, PolyMet proposes to use approximately 18 – 24 million cubic yards of LTVSMC coarse tailings as embankment fill material.  A culpability analysis (Wenigman, Pint, and Wong 2009) indicates that these LTVSMC tailings represent a significant source of solute loading to the PolyMet Tailings Basin seepage during Closure (65 percent of the sulfate and 51 percent of the arsenic loadings).  

We recommend that that PolyMet investigate alternative sources of relatively inert embankment material to use in lieu of the LTVSMC coarse tailings.  Potential sources include controlled material stockpiles in Area 1, 2, 2W, 3, and 5, although those areas may not have sufficient quantities of suitable material to meet all of the fill requirements for the Tailings Basin embankment.  MnDNR staff also conducted a preliminary evaluation using remote sensing techniques to delineate potential sources of significant amounts (>100,000 cubic yards) of inert well-graded granular construction material available within a 10-mile radius of the Tailing Basin (Arends 2009).  The evaluation resulted to the identification of three sources of potentially inert construction material: 1) landforms with a potential for containing sand and gravel; 2) in-place sources of glacial overburden; and 3) glacial overburden stockpiles from iron ore and taconite mining. It is anticipated that the amount of overburden from these three sources would meet most of the construction needs at the Tailings Basin; however, geochemical testing would be necessary to confirm if this material is inert.

The substitution of inert fill material in place of the LTVSMC coarse tailings could significantly reduce sulfate and arsenic concentrations in Tailings Basin seepage during closure and help avoid the need for long-term vertical well pumping under the Tailings Basin Alternative.

· Enhanced Tailings Basin Cap – PolyMet proposes to install a bentonite amended cap to the Tailings Basin as a partial dry cover system at Closure.  It has been suggested that use of a geomembrane system may function as a drier cap, which would allow clean surface water runoff from the partial dry cap area to flow into the central area of the basin to maintain a pond and to dilute the remaining pond water.  The pond area would still receive the bentonite augmentation to reduce infiltration and maintain the pond.  Therefore, the only difference between a partial dry geomembrane cap versus a partial dry bentonite amended cap would be the reduction in infiltration through the perimeter embankment and beach area.  The estimated infiltration rate for a geomembrane liner is 2.89 inches/year versus 3.58 inches/ year for the bentonite amendment, or approximately 0.69 inches/year (Radue 2009).  Since most water is predicted to reach the Tailings Basin by infiltrating through the central pond area (>75 percent of total infiltration), which would remain the same under these two capping options, the net effect of the geomembrane cover would be an approximate 5 percent reduction in Tailings Basin infiltration, which would probably result in a roughly proportional (~1 to 5 percent) reduction in seepage contaminant loadings.  This modest improvement in seepage water quality comes at a high cost (estimated at $87 million in comparison with $13 million for the bentonite amendment option).  A geomembrane cover provides only moderate reduction in infiltration through the beach areas over the bentonite amended tailings layer currently proposed as part of the Proposed Action design.  Other mitigation options discussed in this section appear to offer more significant water quality benefits at lower costs.  We do not recommend a partial geomembrane cap at this time.

· Seepage to Second Creek – Although most of the seepage from the Tailings Basin flows north and west toward the Embarrass River, some groundwater currently seeps from the Tailings Basin to the south forming the headwaters of Second Creek.  During mine operations, PolyMet proposes to install a seepage barrier on Second Creek to capture this seepage and pump it back to the Tailings Basin for reuse.  At Closure, however, PolyMet proposes to remove the seepage barrier and allow the seepage (long term steady state rate of 290 gpm) to flow to Second Creek.  This seepage is predicted to meet surface water standards, but have a relatively high sulfate concentration (145 mg/L).  MnDNR has documented significant rates of mercury methylation occurring in Second Creek, which may be at least partially attributable to high sulfate loading.  We have concerns that the long term release of relatively high sulfate seepage from the Tailings Basin to Second Creek would further contribute to methylmercury formation.  Therefore, we recommend that PolyMet maintain the seepage barrier during Closure and pump the captured seepage into the proposed surface water discharge pipeline that would transport the seepage collected in the vertical wells around the Tailings Basin to the Partridge River under the Tailings Basin Alternative.  This would allow the seepage from the Tailings Basin to bypass Second Creek and eliminate the potential for this seepage to promote mercury methylation.  We recommend that this Second Creek seepage collection and pumping continue until the vertical well pumping terminates. 

· Permeable Reactive Barrier – the predicted seepage rates for both the Proposed Action and the Tailings Basin Alternative would exceed the estimated aquifer flux capacity resulting in upwelling of groundwater into the wetlands north of the Tailings Basin.  The predicted sulfate concentration of this groundwater ranges from 145 to 262 mg/L (Table 4.1-73), which would increase the risk of mercury methylation in the wetlands and downstream lakes and could impact potential wild rice stands.  A permeable reactive barrier (PRB) could potentially reduce the concentrations of key parameters in groundwater as it seeps from the toe of the Tailings Basin and prior to it reaching the downgradient aquifer or wetlands.  

A PRB is an in situ method for remediating contaminated groundwater that combines passive chemical or biological treatment with subsurface flow management.  The PRBs are typically constructed as a below ground trench located to intercept groundwater flows.  The trench is permeable to provide a preferential flow path for seepage to flow through it, but contains reactive materials (e.g., iron, limestone, carbon materials) or microbes to trap or modify contaminants.  According to the USEPA, there are currently about 100 PRBs operating in the United States.  

At the NorthMet Project, a PRB could be installed north of and perpendicular to the seepage flow from the Tailings Basin and incorporate both a vertical trench extending from bedrock to the surface and a horizontal unit laying at or just below the ground surface that would capture the upwelling groundwater to reduce concentrations of key parameters (e.g., sulfate, arsenic, antimony) from reaching the wetlands and Embarrass River.  To remove sulfate, an organic substrate and sulfate reducing bacteria would likely need to be present within the PRB.  While other alternatives may exist for the removal of arsenic and antimony (e.g., zero valent iron), biological reduction is generally considered the only viable alternative for sulfate removal.

Based on some preliminary research on existing operating PRBs, it is estimated that this facility could potentially reduce the concentrations of key parameters (e.g., sulfate) by up to 50 percent.  During mine operations, however, the seepage rate and residual sulfate concentrations after passage through the PRB (assuming 50 percent removal efficiency) would still be sufficiently high to pose methylmercury and wild rice concerns.  Therefore, use of a PRB may be most appropriate during Closure when seepage rates and sulfate concentrations are lower.  Assuming a 50 percent removal efficiency, a PRB could reduce sulfate concentrations in seepage from 145 to about 73 mg/L for the Tailings Basin Alternative at Closure and potentially shorten the duration that the vertical wells would need to continue pumping.  

Experience with other PRBs shows that testing may be necessary to find the most effective “mix” of reactive material.  Therefore, we recommend that PolyMet establish a PRB test cell during mine operations to facilitate the evaluation of alternative construction materials and a range of mass and flow loading scenarios to help define the effectiveness of a PRB for a full-scale treatment of seepage from the Tailings Basin during closure. The results of the studies would be used to properly design a long-term PRB treatment system.

The primary benefit of installing a PRB would be a reduction in the concentration of sulfate, arsenic, and antimony to wetlands and Embarrass River.  The disadvantages of a PRB include the reactive media having a finite operating life and possible need for replacement, difficulty in estimating long term effectiveness since none of the existing PRB systems cited in literatures have been in place for more than 30 years, the potential for producing methylmercury by the sulfate reducing bacteria, and the fact that most analogs in literature are derived from sites with significantly higher mass loadings (sulfate concentrations generally greater than 1,000 mg/L), which may reduce the actual contaminant removal efficiency.  

Recommended Monitoring Measures

PolyMet developed a proposed water quality monitoring program for both Project operations and closure (RS52, Barr 2007).  This program addresses monitoring of surface waters, stormwater, pit water, stockpile drainage, groundwater, WWTF, pumping station and pipeline flows, wetlands, hydrometallurgical residue drainage, and Tailings Basin pond and seepage.  The details of this monitoring program would be finalized during permitting.  We briefly discuss below several key monitoring activities identified elsewhere within this EIS.

· Waste Rock Stockpiles - We recommend close monitoring of the pH and water quality of collected leachate from the waste rock stockpiles to insure the effectiveness of the lime treatment in maintaining a relatively high pH of approximately 8 in order to limit metal solubility.  
· West Pit - We recommend that the water quality of the West Pit be monitored regularly after Closure so corrective action could be taken such that water quality at the time of overflow would meet surface water standards and diversion to the WWTF would not be required.  
· Sedimentation Ponds – We recommend that the sedimentation ponds, which manage non-contact stormwater runoff from the site, be monitored regularly to ensure effective removal of suspended solids prior to discharge to surface waterbodies and to insure that this water does not become contaminated with process water.
· WWTF effluent – We recommend that the effluent from the WWTF be monitored regularly to insure the proper level of treatment is being attained as this effluent is an important factor affecting the quality of groundwater seepage from the Tailings Basin (i.e., it represents the primary source of antimony, arsenic, and sulfate to the Tailings Basin during mine operations) (Wenigmann, Pint, and Wong 2009).  The quality of the WWTF effluent would be a good leading indicator of potential seepage water quality issues at the Tailings Basin.

· Tailings – We recommend that the sulfur concentration and pH of the tailings be monitored regularly to ensure they remains below 0.14 percent sulfur and above 5.5 pH to prevent the development of acidic conditions and increased solubility of metals within the Tailings Basin.  If elevated sulfur concentrations are found, additional copper sulfate could be used during flotation.  If elevated pH concentrations are found, limestone could be mixed in with the tailings prior to disposal in the Tailings Basin.

· Mercury monitoring – The MPCA Mercury Strategy (MPCA 2006) recommends receiving water monitoring for sulfate releases to high risk situations.  In response to a request by MPCA and MnDNR, PolyMet submitted a monitoring plan to further characterize background conditions with regard to sulfate loading from the existing LTVSMC Tailings Basin and its effect on methylmercury production within the large wetland complex north of the Tailings Basin and the chain of lakes located downstream in the Embarrass River (Twaroski 2009).  The plan calls for the establishment of five monitoring sites on streams draining wetlands receiving seepage from the Tailings Basin and five additional sites at the downstream Sabin and Wynne lakes.  

The predicted sulfate concentrations at the toe of the Tailings Basin during Closure (174 mg/L – see Table 4.1-46) would be similar to the sulfate concentrations currently found in LTVSMC seepage (average of 155 mg/L – see Table 4.1-8).  Therefore, to the extent the Project could promote mercury methylation in the wetlands north of the Tailings Basin because of elevated sulfate concentrations, we would expect to find methylmercury in water currently draining from the LTVSMC Tailings Basin.  The proposed monitoring program should aid in our understanding of the sulfate-mercury interactions north of the Tailings Basin.  

PolyMet should develop a similar mercury monitoring plan for the Mine Site, in particular, to ensure that mercury concentrations within the West Pit would meet Great Lake Initiative standards at the time of overflow (~Year 65).  This should include monitoring of mercury from peat in the Overburden Storage and Laydown Area as well as mercury concentrations in WWTF effluent.

4.1.4
Cumulative Effects on Water Resources 

The Final Scoping Decision Document identified several resources with the potential to be cumulatively affected, including water resources, which would be subjected to a cumulative effects analysis using guidance from the Council on Environmental Quality (CEQ 1997).  The Final Scoping Decision Document identified hydrology and water quality as water resource elements with the potential for cumulative effects.  Our analysis within this EIS also identified the potential for cumulative effects to surface water hydrology and water quality.  Neither the Final Scoping Decision Document nor this EIS identified potential cumulative effects to groundwater.  Although the Project would add to the existing seepage from the LTVSMC Tailings Basin, these impacts are localized and already incorporated in the groundwater quality models.  Although the Project would affect groundwater levels, this effect would be geographically limited and not subject to cumulative effects.  Therefore, the scope of this cumulative impact assessment focuses on the effects of past, present, and reasonably foreseeable future activities on surface water hydrology and quality.  

In accordance with the CEQ guidance, a cumulative impact assessment should define the geographic and temporal scope of its analysis.  The Final Scoping Decision Document identified the Partridge and Embarrass rivers as the geographic scope for the hydrology and water quality analyses.  The analysis in this EIS supports this study area, although we do identify and evaluate the potential for the Project to have effects on hydrology and water quality further downstream in the St. Louis River.  

In terms of temporal scope, this assessment considers past and present effects on flow and water quality in the Partridge and Embarrass rivers as reflected in existing baseline hydrologic and water quality conditions.  In addition to the NorthMet Project, this assessment considers reasonably foreseeable future activities.  In order to be reasonably foreseeable, an activity can not be simply speculative, but should be included in government plans and budgets or, for private projects, have filed for required permits.  For this assessment, we considered the activities listed in Table 4.1-82.

Table 4.1-82
 Summary of Activities included in the Water Resource Cumulative Impact Assessment 

	Project
	Watershed
	Existing or Proposed
	Type of Project and Surface Water Discharges

	City of Babbitt POTW
	Embarrass River
	Existing
	Wastewater treatment facility, 0.3 mgd surface water discharge

	Cliffs Erie Tailings Basin 
	Embarrass River
	Existing
	Tailings basin seepage

	LTVSMC
	Embarrass River
	Existing
	Waste rock piles

	Land use modifications
	Embarrass River

Partridge River
	Existing and future
	Wetland loss, wetland bank, mining operations, residential and rural development

	Northshore Mining Company
	Partridge River
	Existing
	Pit dewatering discharges

	City of Hoyt Lakes POTW
	Partridge River
	Existing
	Wastewater treatment facility, 0.5 mgd surface water discharge

	Mesaba Energy Project – East Range Site
	Partridge River
	Proposed
	Integrated Gasification Combined Cycle (IGCC) electric power generating station

	Babbitt Connection Highway
	Partridge River
	Proposed
	Highway project, construction and stormwater discharges along the route

	Cliffs Erie RR Pellet Transfer Facility
	Partridge River
	Proposed
	Railroad to haul EVTAC pellets to Taconite Harbor, stormwater runoff along the route

	Mesabi Nugget Phase II
	Partridge River
	Existing
	Mine, tailings basin and stockpile discharges

	Cliffs Erie Pits
	Partridge River
	Existing
	Mine, tailings basin and stockpile discharges

	Colby Lake and Whitewater Reservoir
	Partridge River
	Existing
	Water storage facility used in operations for mining, coal-fired system electric power generation

	Minnesota Power Syl Laskin Energy Center
	Partridge River
	Existing
	Coal-fired power station, stormwater runoff.

	Minntac
	St Louis River
	Existing
	Mine, tailings basin and stockpile discharges

	Laurentian Biomass Burner
	St Louis River
	Existing
	Waste (wood) to energy plant, stormwater runoff from waste piles.

	ArcelorMittal USA-Minorca Mine Laurentian and East Reserve
	St. Louis River
	Existing
	Mine, tailings basin and stockpile discharges


4.1.4.1
Cumulative Effects on Hydrology

Cumulative effects on hydrology are discussed below for the Partridge River and the Embarrass River.

Partridge River

As discussed in Section 4.1.1.3, The Partridge River forms just south of the Peter Mitchell Mine and flows approximately 32 miles to its confluence with the St. Louis River, draining a total of approximately 161 square miles as measured at Aurora, MN, approximately 3 miles from the St. Louis River confluence.  There are limited flow data available for the Partridge River.  Data from four USGS gaging stations within the Partridge River watershed are available, but the period of record for each is relatively short and the three that reflect flow from the Project area have all been impacted by mining operations (Table 4.1-12 and Figure 4.1-1).  The Partridge River above Colby Lake (USGS Station #04015475) is the gaging station that best represents flows from the Project area, but only has 10 years of flow records available (1978-1988).  Little flow data exists for the Partridge River prior to mining.  At the USGS gaging station above Colby Lake, the low (i.e., average annual 30-day minimum flow), average (i.e., mean annual flow), and high (i.e., annual 1-day maximum flow) flows are estimated as 1.2, 88, and 1,960 cfs, respectively.

There are several mines, the City of Hoyt Lakes wastewater treatment plant (WWTP), and Minnesota Power’s Laskin Energy Center (power plant) that have discharged in the past, and/or are currently discharging water that affect flows in the Partridge River (Figure 4.1-12).  Table 4.1-14 summarizes the NPDES/SDS discharges to the Partridge River and its tributaries.  Most of these outfalls do not discharge continuously, and many, although still “active” in terms of permit status, have not discharged for many years (e.g., various mine pit dewatering discharges).  Although mine discharges have occurred at least periodically in the Project area since 1956 when the Peter Mitchell Mine began operations, there are few readily available mine pumping records available prior to 1988 when the state began requiring NPDES/SDS permit holders to report this information.  Pumping records for the Peter Mitchell Mine from 1976 to approximately 1986 are available and have an annual average of between 6.8 and 15.1 cfs.  Since 1988, the highest reported average monthly discharge from the Peter Mitchell Mine to the Partridge River was 34 cfs (RS 74A, Barr 2008).  The number and volume of these discharges compared to average and especially low flow in the Partridge River indicate that these discharges have the potential to significantly affect flows and the lack of historical information regarding actual dates of discharge complicate interpreting the flow record.

In general, mining probably has at times both increased and decreased flows in the Partridge River depending on the stage of mine development.  Currently, the Peter Mitchell Mine is periodically discharging pit water, LTVSMC Pits 3 and 5S are overflowing, and Mesabi Nugget is dewatering Pit 1 and Pit 6 is overflowing.  The net effect of these activities is probably an increase in average flows in the Partridge River, although the uncertain timing of these flows makes quantifying the increase difficult.  

The NorthMet Project would reduce average flows in the Partridge River, at least during operations, between 3.5 cfs (Tailings Basin Alternative – Maximum Recycle Option) and 10.6 cfs (Proposed Action).  

In terms of river geomorphology, the 10.6 cfs reduction in flow is small relative to high flows (<1%) and should have little effect on sediment deposition or transport.  To the extent that current and projected future flows may increase flow, this reduction could offset morphologic impacts from these other projects.  The effect of this reduction in flow on downstream flow becomes even less significant as the drainage area and resulting flow increases.  The impact of the 3.5 cfs reduction in flow would be even less on river geomorphology.

In terms of low flows, the 10.6 cfs reduction in flow from the Proposed Action could be significant, although it would have less effect downstream of Colby Lake.  The 10.6 cfs reduction in flow is more than the annual low flow at the USGS gaging station (1.2 cfs).  Under these conditions, the Project’s Water Appropriation Permit would require maintenance of critical water levels in Colby Lake and minimum flows downstream via pumping from Whitewater Reservoir.  The Project would likely result in more frequent and longer duration low flow releases from Colby Lake, which could impact downstream aquatic resources, although it is difficult to quantify to what extent other mine dewatering activities may offset this effect.  The 3.5 cfs reduction in flow from the Tailings Basin Alternative – Maximum Recycle Option would probably have little effect on low flows, especially downstream of Colby Lake and in the St. Louis River as a result of increasing drainage area and flows.

In summary, the cumulative effects of past, present, and reasonably foreseeable future actions on the hydrology of the Partridge River would not be expected to impact river geomorphology under high flows.  Depending on the timing of the various activities, the reduction in flow under the Proposed Action could contribute to adverse cumulative effects on the downstream aquatic community under low flows.

Embarrass River

As discussed in Section 4.1.1.3, the Embarrass River originates just south of the City of Babbitt and flows southwest approximately 23.2 miles to its confluence with the St. Louis River, draining 171 square miles as measured at McKinley, near the confluence with the St. Louis River.  Relatively little flow data are available for the Embarrass River.  There are two USGS gaging stations located within the watershed (#04017000 located about three miles northwest of the Tailings Basin and #04018000 located about 7 miles southwest of the Tailings Basin), but they  only provide flow records for 22 and 9 years respectively.  Table 4.1-16 provides flow data for the nearest gaging station at Embarrass (Figure 4.1-1).  PolyMet estimates low (i.e., average annual 30-day minimum flow), average (i.e., mean annual flow), and high (i.e., annual 1-day maximum flow) at monitoring station PM-13 as 5.7, 81.5, and 853.1 cfs, respectively.

The hydrology of the Upper Embarrass River remains relatively natural, with only a small wastewater discharge from the City of Babbitt WWTP (0.33 cfs).  Pit 5NW overflow (1.99 cfs to Spring Mine Creek) and seepage from the LTVSMC Tailings Basin (4.0 cfs) affect the hydrology of the Embarrass River, but more in terms of timing than actual flow volumes.  Downstream of the NorthMet Project, dewatering flows from Mesabi Mining’s Pit 9 average 7.7 cfs and Mesabi Nugget’s Pit 1 average 8.4 cfs, both of which discharge to Wynne Lake, but both of these discharges are intermittent.

The Project would increase seepage toward the Embarrass River by approximately 4.5 cfs (Proposed Action), or decrease seepage by approximately 1.7 cfs (Tailings Basin Alternative), relative to existing conditions.  

In terms of river geomorphology, high flows tend to most affect the geomorphology and stability of river channels.  The net modification in flow resulting from the above referenced projects (approximately 20 cfs including the maximum from the Proposed Action and assuming both Pit 1 and 9 are discharging at the same time) is small (about 2 percent) relatively to the annual 1-day maximum flow.  Further, the chain of lakes on the Embarrass River would tend to attenuate the effects of any increase in flows downstream.  Any increases in minimum flows would generally be considered beneficial to the aquatic community.  

The potential decrease in seepage (1.7 cfs) under the Tailings Basin Alternative would not be expected to directly translate to reductions in the base flow (groundwater) contribution to the Embarrass River.  This effect has already been observed under existing conditions when observed low flows in the Embarrass River are less than the predicted seepage from the LTVSMC Tailings Basin.  The effective seepage rate during these low flow periods has been estimated at approximately 1.2 cfs (540 gpm) (RS74B, Barr 2008).  

In summary, the cumulative effects of past, present, and reasonably foreseeable future actions on the hydrology of the Embarrass River would not be expected to impact river geomorphology under high flows or the aquatic community under low flows.

4.1.4.2
Water Quality

Cumulative effects on water quality are discussed below for the Partridge River and the Embarrass River.

Partridge River

Recent (collected by PolyMet in 2004 and 2006) and historic (back to 1956) water quality data are available for various constituents in various locations along the Partridge River, (Table 4.1-20).  Most of these water quality data represent occasional grab samples and do not allow a detailed assessment of water quality trends, seasonal effects, or relationship to flow.  Nevertheless, collectively, the data can be used to generally characterize water quality in the watershed and draw some comparisons with surface water quality standards.  There are no water quality data available, however, that predate the operation of the Peter Mitchell Mine in 1956 and can be used to characterize relatively “undisturbed” conditions in the Partridge River.

Section 303(d) of the Clean Water Act requires states to publish a list of waters that are not meeting one or more water quality standards.  The list, known as the 303(d) Total Maximum Daily Load (TMDL) list, is updated every two years.  The State of Minnesota 303(d) list, which was updated in 2008, contains 1,475 waterbodies requiring TMDLs.  The Partridge River is not listed as an impaired waterbody on the 303(d) list.  Analysis of the available water quality data supports this determination as overall water quality meets state standards.

Water quality in Colby Lake is affected by inflow from the upper Partridge River watershed, but also anthropomorphic effects from mine pit dewatering and overflows (e.g., Peter Mitchell Mine in the headwaters; Pits 2/2E/2W/3/5S via Wyman Creek), and two permitted discharges from Minnesota Power’s Laskin Energy Center (e.g., cooling water discharge and a clarified ash pond discharge), as well as pumping from Whitewater Reservoir during low flows.  Colby Lake is on the Minnesota 303(d) TMDL list because of mercury concentrations in fish tissue.  A TMDL pollution reduction study has not yet been performed for Colby Lake to address this impairment.  

Although not on the 303(d) list, downstream of Colby Lake, the Partridge River is impacted by periodic dewatering discharges from Pits 6/9/9S with high sulfate concentrations (>1,000 mg/L), which raise the sulfate concentration in the Partridge River from about 17 mg/L as it flows from Colby Lake to approximately 149 mg/L downstream of the confluence of the First and Second Creek.  

The NorthMet Project is predicted to meet all surface water quality standards under all flow conditions for all mine years in the Partridge River. Tribal cooperating agencies disagree. Wild rice grows on the lower Partridge River and it is the tribal cooperating agencies’ position that the wild rice sulfate standard applies. The PolyMet discharge under the tailings basin alternative would not meet this standard. The Project would degrade surface water quality by raising ambient concentrations for several parameters, primarily metals (e.g., antimony, arsenic, copper, nickel, zinc), but these concentrations would remain well below surface water standards (Table 4.1-83).  Therefore, this cumulative effects analysis will focus on mercury (only parameter on 303(d) list) and sulfate (because of relationship with mercury and wild rice).

Table 4.1-83
Predicted Partridge River Concentrations as a % of Standard

	Parameter
	Standard
	Existing Conditions
	% of Standard
	Predicted Max Concentration
	% of Standard

	Antimony
	31
	1.5
	4.8
	6.9
	22.3

	Arsenic
	53
	3.4
	6.4
	8.3
	15.7

	Copper
	8.3
	2.1
	25.3
	7.0
	84.3

	Nickel
	46.5
	1.9
	40.9
	25.6
	55.1

	Zinc
	85.0
	24.2
	28.4
	24.6
	28.9


Sulfate

Ambient sulfate concentrations in the Upper Partridge River (<18 mg/L) and Colby Lake (10.1 mg/L) are low.  The NorthMet Project is predicted to increase sulfate concentrations to a maximum of 31.7 mg/L in the Upper Partridge River and 15.3 mg/L in Colby Lake, under 30-day low flow conditions.  There is no surface water standard for sulfate other than in Class IB waters designated for drinking water where the USEPA secondary MCL standard is 250 mg/L.  It is the tribal cooperating agencies’ position that the wild rice standard for sulfate applies on the Lower Partridge River. The predicted sulfate concentrations in the Upper Partridge River and Colby Lake would meet even the Class 1B standard and would be generally considered to be low concentrations.  Downstream of Colby Lake, however, First and Second Creek contribute significant sulfate loadings from various mine pit overflows and dewatering, raising the sulfate concentration in the Partridge River under average flow conditions to approximately 149 mg/L.  

Sulfate has been retained for cumulative analysis for its role in mercury methylation.  The MPCA Mercury Strategy (MPCA 2006) recommends avoiding discharges of sulfate to high risk situations, which include wetlands, low-sulfate water (<40 mg/L) where sulfate may be a limiting factor in the activity of sulfate-reducing bacteria, and waters that flow to downstream lakes that may stratify.  

The Upper Partridge River would be considered a low sulfate water, but this is only true to the confluence with First/Second Creek.  There are few riparian wetlands and no lakes downstream of Colby Lake.  The St. Louis River is similar with few riparian wetlands and only one lake far downstream.  Therefore, the Project would contribute little to the cumulative effect on sulfate and would pose relatively low risk of mercury methylation.  

In terms of wild rice, there are no designated wild rice waters along the Partridge River pursuant to Minnesota Rules, part 7050.0470 or the Wild Rice Legislative Report (MnDNR 2008).  MPCA has requested PolyMet to provide additional information regarding the presence of wild rice along both the Partridge River (Clark, May 2009, Personal Communication) so that a site-specific determination can be made as to how the 10 mg/L standard may apply to the Project.  Based on available information, it does not appear that sulfate would have any cumulative effect on wild rice along the Partridge River. As previously stated, the tribal cooperating agencies’ position is that this conclusion is unsupported.

Mercury

There is relatively little monitoring data for mercury in the Partridge River.  PolyMet estimates that current mercury concentrations average about 3 ng/L in the Upper Partridge River (RS74A, Barr 2008) and between 4.8 and 6.0 ng/L in Colby Lake based on limited sampling.  Colby Lake is on the Minnesota 303(d) TMDL list because of mercury concentrations in fish tissue, but a TMDL pollution reduction study has not yet been performed to address this impairment.

The TMDL concluded that 99.5 percent of all mercury in fish tissue, which is the criteria driving the 303(d) listing, is from atmosphere deposition.  The mercury load allocation established for surface water discharges is 1.3 ng/L (MPCA 2007).  The existence of a TMDL constitutes an existing and comprehensive cumulative analysis of mercury for the entire state, although no mercury load allocation has been determined.  In the absence of a load allocation for mercury, we evaluated the cause and effect mechanisms related to mercury and the fish tissue concentrations that drive the impairment.  Mercury must become methylated to be absorbed by fish.  This process requires specific conditions to occur.  As discussed above, the Partridge River is not considered a high risk situation for mercury methylation

The Project would result in increased sulfate loadings via groundwater to the Partridge River.  The data suggests that the transport of sulfate from the waste rock/lean ore stockpiles to the Partridge River would involve very little interaction with wetlands, which are primarily perched bogs.  Further, the predicted maximum sulfate concentration in the Partridge River would remain relatively low (31.7 mg/L during low flows) and there are relatively few riparian wetlands along the Lower Partridge River or downstream St. Louis River.  Therefore, under the Proposed Action, the risk of increased sulfate loadings promoting methylation of mercury in wetlands is expected to be low.

As we discuss in Section 4.1.3.1, there is some uncertainty as to whether the West Pit overflow, which would flow downstream to Colby Lake, would meet the Great Lakes Initiative standard for mercury (1.3 ng/L) and we recommend further study of this issue prior to the issuance of the Final EIS.  Therefore, there is the potential for the NorthMet Project to contribute to cumulative effect for mercury concentration in fish tissue in Colby Lake under both the Proposed Action and the Mine Site Alternative.

Embarrass River

The Embarrass River is not on the 303(d) list of impaired waters, however, several lakes downstream of the Project through which the Embarrass River flows are listed for “mercury in fish tissue” impairment, including Sabin, Wynne, Embarrass, and Esquagama lakes (Figure 4.1-1).  Further downstream, segments of the St. Louis River are also listed for “mercury in fish tissue” impairment.  These lakes and the St. Louis River are not covered by the Statewide Mercury TMDL, but are impaired waters and are still in need of a TMDL pollution reduction study.

Water quality data (ranging from 1955 to 2006) are available for various parameters at three locations along the Embarrass River (Table 4.1-25).  As was the case along the Partridge River, these data do not allow a detailed assessment of water quality trends, seasonal effects, or relationship to flow, but collectively can be used to generally characterize water quality in the watershed and draw some comparisons with surface water standards.  

Overall, water quality in the Embarrass River meets all surface water standards with the exception of mercury.  Although there is no sulfate surface water standard (other than for wild rice waters if applicable), the Embarrass River has elevated sulfate concentrations, which are primarily attributable to the Pit 5NW overflow (average of 1,046 mg/L) and seepage from the LTVSMC Tailings Basin.  The position of tribal cooperating agencies is that the wild rice standard for sulfate applies.

The NorthMet Project is predicted to meet all surface water quality standards under all flow conditions for all mine years in the Embarrass River.  The Project would degrade surface water quality by raising ambient concentrations for several parameters, primarily metals (e.g., antimony, arsenic, copper, nickel, and zinc), but these concentrations would remain well below surface water standards (Table 4.1-84).  Therefore, this cumulative effects analysis will focus on mercury (only parameter on 303(d) list) and sulfate (because of relationship with mercury and wild rice).

Table 4.1-84
Predicted Embarrass River Concentrations as a % of Standard

	Parameter
	Standard
	Existing Conditions
	% of Standard
	Predicted Max Concentration
	% of Standard

	Antimony
	31
	0.9
	2.9
	5.0
	16.1

	Arsenic
	53
	2.7
	5.1
	7.6
	14.3

	Copper
	17.5
	4.1
	23.4
	6.7
	38.2

	Nickel
	115
	6.7
	5.8
	14.2
	12.3

	Zinc
	234
	12.6
	5.3
	34.5
	14.7


Sulfate

Ambient sulfate concentrations in the Embarrass River are moderate during average flow conditions (36.1 mg/L), but can be significantly elevated (96 mg/L) under existing low flow conditions downstream of the Project as a result of the combined effect of the Pit 5NW overflow and LTVSMC Tailings Basin seepage.  The NorthMet Project is predicted to increase sulfate concentrations to a maximum of 146 mg/L at Location PM-13 under 30-day low flow conditions during mine operations.  There is no surface water standard for sulfate other than in Class IB waters designated for drinking water where the USEPA secondary MCL standard is 250 mg/L.  The predicted sulfate concentrations in the Embarrass River would meet the Class 1B standard.  As previously indicated, tribal cooperating agencies disagree. It is the position of the tribal cooperating agencies that the sulfate standard for wild rice waters applies.

Sulfate has been retained for cumulative analysis for its role in mercury methylation and potential effects on wild rice.  The MPCA Mercury Strategy (MPCA 2006) recommends avoiding discharges of sulfate to high risk situations, which include wetlands, low-sulfate water (<40 mg/L) where sulfate may be a limiting factor in the activity of sulfate-reducing bacteria, and waters that flow to downstream lakes that may stratify.  All of these high risk factors apply to the Embarrass River.

In terms of wild rice, the only clearly designated “wild rice water” in the Project area is Hay Lake, which is located downstream of the Project on a tributary to the Embarrass River and would be unaffected by the Project.  There is another wild rice stand in the Embarrass River watershed that was identified in the Wild Rice Legislative Report (MnDNR 2008), but its exact location and size are unknown and it is not clear whether it would be considered a designated wild rice water.  MPCA has requested PolyMet to provide additional information regarding the presence of wild rice along the Embarrass River (email from Richard Clark, MPCA, to Jim Scott, PolyMet, 28 May 2009) so that a site-specific determination can be made as to how the 10 mg/L standard may apply to the Project.  Therefore, we can not at this time evaluate to what extent the Project may cumulatively affect wild rice. Tribal cooperating agencies note that the Army Corps has not completed its consultation with the potentially affected tribes. In addition, a survey for wild rice presence in the waters potentially affected by the proposed mine has only recently begun. Tribal staff have already found extensive stands in the Lower Partridge River. Tribal cooperating agencies believe that the consultation process and wild rice surveys should be completed and the results included in the DEIS. This data can then be used to evaluate the cumulative impact analysis to this important tribal resource.

Mercury

Monitoring over the past two years in the Embarrass River found average total mercury concentrations of 5.1 ng/L at monitoring station PM-12 and 4.5 ng/L at monitoring station PM-13.  Average methylmercury concentrations over the same period followed a similar pattern with slightly higher concentrations found at PM-12 (0.6 ng/L) than at PM-13 (0.4 ng/L).  

The NorthMet Project would not have any surface water discharges to the Partridge River, so the primary route for the Project to affect mercury loadings is through sulfate enhanced mercury methylation.  The groundwater seepage rate from the Tailings Basin would exceed the aquifer flux capacity, so much of the seepage is expected to upwell into the extensive wetland complex north of the Tailings Basin.  The sulfate transported by this seepage would have a long contact period with wetlands before actually reaching the Embarrass River.  All of these factors may create nearly ideal conditions for mercury methylation.  There are four lakes downstream on the Embarrass River that are on the 303(d) list for mercury in fish tissue impairment.  These lakes stratify, which can further promote mercury methylation.  Therefore, increasing the sulfate load from the Tailings Basin could increase mercury methylation both in the wetlands north of the Tailings Basin and at the downstream lakes.  

The MPCA mercury strategy focuses on avoiding “discharges,” which could include groundwater seepage, to “high risk” situations.  These high risk areas include wetlands, low-sulfate water (<40 mg/L) where sulfate may be a limiting factor in the activity of sulfate-reducing bacteria, and waters that flow to a downstream lake that may stratify, all of which apply to the area downstream of the Tailings Basin.  Under the Proposed Action, seepage from the Tailings Basin would introduce elevated sulfate concentrations to several high risk situations for mercury methylation.  Therefore, the Project would contribute to cumulative impacts on downstream lakes that are already on the 303(d) list.  

The Tailings Basin Alternative would redirect most Tailings Basin seepage away from the high risk areas and discharge it to the Partridge River downstream of Colby Lake, which, as indicated above, is not considered a high risk area.  As Table 4.1-80 indicates, both Tailings Basin Alternative options would reduce sulfate loading below existing conditions and, therefore, would not contribute to cumulative effects on mercury concentrations in water or fish tissue.  
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