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Executive Summary 

A second hydrogeologic investigation was conducted at the PolyMet mine site.  The objective of this 

investigation was to determine the hydraulic properties and water quality of the Virginia Formation.  

Four 6-inch diameter pumping wells and five 2-inch diameter observation wells were installed near 

the contact between the Virginia Formation and the Duluth Complex, near the northern boundary of 

the proposed PolyMet mine pits. A pumping test was conducted at each pumping well, three 36 hour 

tests and one 96 hour test.  During and following the test, water levels in the pumping well and 

observation wells were recorded.  This data was analyzed using conventional analytical methods to 

determine hydraulic properties of the Virginia Formation.  Hydraulic conductivities calculated from 

the measured water level data ranged from .0024 to 1.0 ft/day.  The geometric mean was 0.17 ft/day. 

Following at least 12 hours of pumping, a groundwater sample was collected from each of the 

pumping tests wells. Groundwater samples were analyzed for total metals, dissolved metals, and 

general chemistry parameters. This data is needed to help predict the water quality in the mine pits 

during operation and during closure.  Since the discharge or treatment of the mine pit water in not yet 

determined, analytical results were compared to the Minnesota Surface Water Quality Class 2B 

Chronic and the Lake Superior Basin Water Quality Class 2B Chronic criteria for comparison.  The 

only water quality exceedences were for nitrogen (ammonia as N) from wells P-2 and P-4.  The 

presence of ammonia nitrogen in the samples likely indicates that there is a hydraulic connection 

between the bedrock aquifer and th3e surficial aquifer.  A third hydrogeologic investigation at the 

mine site is planned to further investigate this possible connection.
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1.0 Introduction 

This report has been prepared for PolyMet Mining Corporation (PolyMet) by Barr Engineering 

Company (Barr) to document the results of the Phase II Hydrogeologic Investigation that was 

conducted at the PolyMet NorthMet mine site (the Mine Site) (Figure 1).  This work was done, in 

part, to fulfill the requirements of the October 25, 2005, NorthMet Mine and Ore Processing 

Facilities Project Final Scoping Decision.  The objectives of this study were to provide information 

on the hydrogeologic characteristics of the Virginia Formation at the Mine Site and the chemical 

characteristics of the groundwater within this unit. 

1.1 Background 

A scoping Environmental Assessment Worksheet (EAW) was submitted in June 2005 for PolyMet’s 

proposed NorthMet Mine and Ore Processing Facilities located near Hoyt Lakes, Minnesota. 

PolyMet plans to excavate and process the low-grade polymetallic, disseminated, magmatic sulfide 

NorthMet deposit in northeastern Minnesota, approximately 6 miles south of the town of Babbitt and 

about 2 miles south of the operating Northshore Mining Company taconite open pit. Project plans 

call for the excavation of up to 32,000 tons of ore per day, using open-pit mining methods.  

Overburden and waste rock will be stripped and stockpiled.  Processing of the ore will take place at 

the existing Cliffs Erie processing plant. 

On October 25, 2005, the Minnesota Department of Natural Resources (DNR), in co-operation with 

the United States Army Corps of Engineer (USACE) and the United States Forest Service (USFS), 

published the final scoping decision for the project.  Section 3.3.4 of that report discussed the need 

for the Phase I and Phase II hydrogeologic studies. The Phase I Hydrogeologic Investigation 

accessed the ability of the Duluth Complex and the surficial sediments at the Mine Site to transmit 

water into the proposed NorthMet pit.  Water-quality samples were also collected to assist in the 

evaluation and estimation of mine-pit dewatering water quality.  The results of this investigation 

were presented in the Hydrogeologic Investigation- PolyMet NorthMet Mine Site report (RS-02) 

(Barr, 2006). 

1.2 Mine Site Setting 

The NorthMet deposit is located in the Duluth Complex, a large mafic intrusion that was emplaced 

into flood basalts along a portion of the Middle Proterozoic Midcontinent Rift System. The NorthMet 
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deposit is situated along the western edge of the Complex within the Partridge River intrusion, which 

has been subdivided into a least seven igneous stratigraphic units on the basis of drill core 

evaluations.  All of these igneous layers exhibit a shallow dip (10º-25º) to the south-southeast. 

Underlying the Complex at NorthMet is the sedimentary Lower Proterozoic (1.8 million year old) 

Virginia Formation, which, in turn, is underlain by the Biwabik Iron Formation (BIF).  The BIF will 

not be intersected in mining operations.  The Virginia Formation may be intersected along the 

northern footwall of the pit.  The investigation presented in this report focused on the aquifer 

properties of the Virginia Formation.  The Duluth Complex, along with the surficial sediment, was 

the focus of the Phase I Hydrogeologic Investigation (RS-02) (Barr, 2006). 

1.3 Scope of Work 

The hydrogeologic investigation presented in this report was designed to aid in the characterization 

of the Virginia Formation at the Mine Site.  Four pumping test wells and five observation wells were 

advanced into the Virginia Formation along the northern boundary of the Mine Site.  Three 36-hour 

and one 96-hour pumping tests were conducted.  In addition, a groundwater sample was collected 

from each pumping well to assist in the evaluation and estimation of mine pit dewatering water 

quality. All work presented here was done in accordance with the Hydrogeologic Investigation Work 

Plan for the PolyMet NorthMet Mine Site – Phase II (Work Plan) (Barr, 2005), except where noted. 

1.4 Report Organization 

This report is organized into four sections, including this introduction.  Section 2 summarized the 

field activities and data collection; Section 3 presents the field investigation observations and results, 

including the results of the groundwater sampling; and Section 4 provides the investigation summary. 
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2.0 Field Activities and Data Collection 

Understanding the ability of the Virginia Formation to transmit water into the proposed mine pit (or 

pits) and the chemical characteristics of that water is critical to understanding both the overall quality 

and quantity of water that can be expected to flow into the pit(s).  The information collected as part 

of this investigation will be used in conjunction with data collected during the Phase I Investigation 

(RS-02) and data collected during future investigations to help predict the total volume of water the 

mine pit will collect.  The results of this work will be presented in Hydrology – Mine Water Model 

and Balance (RS-21). 

2.1 Well Installation 

2.1.1 Pumping Wells 

Four pumping wells (P-1 through P-4) were installed by WDC Exploration and Wells using a 

combination of STRATEX® and air rotary techniques.  Wells were installed near the proposed 

locations provided in the Work Plan (Figure 2), with the exception of P-4 which was moved to the 

northeast in order to ensure placement in the Virginia Formation and outside of the proposed mine pit 

footprint. Well construction information is shown in Table 1 and well logs are included in Appendix 

A.  The remaining three wells were placed as far north towards the Virginia Formation as site 

conditions (i.e. roads and wetlands) would permit.  However, it was not possible to locate all of the 

wells in areas where the Virginia Formation is the uppermost bedrock unit. Well construction 

information is shown in Table 1 and well logs are included in Appendix A. 

At each well location, a 12-inch diameter borehole was drilled at least ten feet into bedrock using the 

STRATEX® drilling method.  This method consists of a non-rotating casing (12-inch diameter) that 

is driven into the ground by a pneumatic down-hole hammer in conjunction with a retractable, under-

reaming carbide drill bit.  A six-inch diameter black steel casing was placed in the hole and the 

annulus was grouted with neat cement.  After the grout had set (a minimum of 24 hours), the 6-inch 

diameter borehole was completed using the air rotary method.  Wells P-1, P-2 and P-3 were 

completed to a depth of 610 feet.  Well P-4 was terminated at 485 feet, where soft formation 

conditions (from 462-485 feet) prohibited further borehole advancement.  Wells were developed by 

airlifting. 
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2.1.2 Observation Wells 

Five observation wells (Ob-1 through Ob-5) were installed by WDC Exploration and Wells using air 

rotary techniques.  In addition, an unsuccessful boring (the seal between unconsolidated sediments 

and open interval was lost) at the Ob-3 location was converted to an observation well (Ob-3a).  This 

observation well is discussed in further detail below.  Wells were installed near the proposed 

locations provided in the Work Plan, with the exception of Ob-5 which was moved along with 

pumping well P-4.  Similar to the pumping wells, the observation wells were placed as far north 

towards the Virginia Formation as site conditions (i.e. roads and wetlands) would permit.  However, 

it was not possible to locate all of the wells in areas where the Virginia Formation is the uppermost 

bedrock unit. Well construction information is shown in Table 1 and well logs are included in 

Appendix A. 

At each observation well location, a 4-inch diameter black steel casing was driven at least ten feet 

into bedrock, with the exception of well Ob-4.  The work plan specified that the casing was to be set 

one foot into bedrock, as was done at well Ob-4.  Following the completion of Ob-4, it was 

determined that the casing needed to be set at least ten feet into bedrock in order to help avoid setting 

the casing into a large boulder.  After driving the casing, the 4-inch diameter borehole was completed 

using the air-rotary method.  All wells were completed to a depth of 100 feet.  Wells were developed 

by airlifting. 

When attempting to drill well Ob-3, the casing seal was broken during drilling.  It was determined 

that rather than try and regain a seal, the boring would be “abandoned” and re-drilled several feet 

away.  However, rather than abandoning the borehole, it was left open and permitted as an additional 

observation well, called Ob-3a.  This well was completed to a depth of 50 feet. 

2.2 Aquifer Performance Testing 

Aquifer performance tests were conducted in each of the four pumping wells.  Rather than 

performing a separate step-drawdown test to determine an appropriate pumping rate, the step-

drawdown test was conducted at the beginning of the 36- or 96-hour test.  The pumping phase of 

three tests, one each in wells P-1, P-2, and P-4, were run for 36 hours.  The pumping phase of the test 

in P-3 was run for 96 hours.  Originally, the 96 hour test was planned for well P-1 due to the 

presence of a nearby wetland piezometer.  However, because the pumping tests were conducted in 

the winter rather than during the summer as originally planned, the wetland piezometer was frozen 
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and was not useable.  In addition, information gathered during drilling suggested that the yield from 

well P-1 would be low and the 96-hour test would be better suited for a higher yielding well. 

Water levels from pumping and observation wells were measured automatically using miniTroll data 

logging probes (miniTrolls) manufactured by In Situ, Inc.  The miniTrolls automatically record and 

correct water levels for changes in barometric pressure. 

2.2.1 P-1 Test 

A 36-hour pumping test was conducted in well P-1.  MiniTrolls were installed in P-1 and Ob-1 prior 

to the beginning of the test.  The miniTrolls collected water level and temperature data every five 

minutes throughout the pumping and recovery portions of the test.   

A temporary pump was placed in the well at a depth of 400 feet below ground surface.  An inline 

flow meter was used to measure pumping rates.  Discharge was routed via hoses 500 feet to a down-

slope upland (i.e. non-wetland) area. 

At the beginning of the test, the pumping rate (6-9 gallons per minute [gpm]) was much higher than 

the well yield, and the rate was quickly scaled back to 4.2 gpm.  After pumping at this rate for 

roughly 30 minutes, the pumping rate was scaled back to approximately 2 gpm.  Six and a half hours 

into the test, it was determined that the well would not be able to sustain this rate and the rate was set 

at 1.2 gpm, where it remained for the duration of the test.  The pumping schedule is summarized 

below: 

Time since Pumping 

Began (minutes) 

Pumping 

Rate (gpm) 

0-24 6-9 

24-77 4.2 

77-385 2.2 

385-2195 1.2 

2195 0 

 

Thirty-six hours after pumping began, the pump was turned off and water levels were allowed to 

recover for 36 hours, after which time the pump and miniTrolls were removed.  Water level data 

from the miniTrolls is included as supplemental electronic data. 
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2.2.2 P-2 Test 

A 36-hour pumping test was conducted in well P-2.  MiniTrolls were installed in P-2 and Ob-2 prior 

to the beginning of the test.  Water-level data were collected every two minutes throughout the 

pumping and recovery portions of the test.  A temporary pump was placed in P-2 at a depth of 400 

feet below ground surface.  Discharge, measured using a five-gallon bucket and stopwatch, was 

routed 500 feet to a down-slope upland area.  Discharge distance was decreased from the distance 

specified in the work plan due to frozen ground conditions that prohibited the infiltration of the 

discharge water. 

The pumping rate was initially set at 4 gpm.  After 22 minutes, water levels had stabilized and the 

pumping rate was increased to 15gpm.  The pumping rate was again increased after 72 total minutes 

of pumping to 32 gpm.  At 194 minutes of pumping, the rate was decreased to 28 gpm to assure that 

the well would not pump dry before 36 hours of pumping.  The pumping schedule is summarized 

below: 

Time since Pumping 

Began (minutes) 

Pumping 

Rate (gpm) 

0-22 4 

22-72 15 

72-194 32 

194-2155 28 

2155 0 

 

After thirty-six hours of pumping, the pump was turned off and water levels were allowed to recover.  

The pump and miniTrolls were removed after nine hours of recovery when water levels had 

recovered at least 90% of the final drawdown.  Water level data from the miniTrolls is included as 

supplemental electronic data. 

2.2.3 P-3 Test 

A 96 hour pumping test was conducted in well P-3.  MiniTrolls were installed in wells P-3, Ob-3, 

Ob-3a, and a preexisting water supply well, #717971, prior to the beginning of the test.  Water-level 

data were collected every five minutes throughout the pumping and recovery portions of the test.  A 

temporary pump was placed in well P-3 at a depth of 400 feet.  Discharge, measured using an in-line 

flow meter, was routed 700 feet to a down-slope upland area.  The discharge distance was decreased 
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from the distance specified in the work plan due to frozen ground conditions that prohibited the 

infiltration of the discharge water.  The pumping schedule for the test is summarized below: 

Time since Pumping 

Began (minutes) 

Pumping 

Rate (gpm) 

0-55 0-4* 

55-105 23 

105-160 37 

160-5800 41 

5800 0 

*Problems with the pump resulted in the pump cycling on and off at approximately 4 gpm for the first 40 minutes of the 

test. 

After 96 hours of pumping, the pump was turned off and water levels were allowed to recover.  The 

pump and miniTrolls were removed after twenty hours.  Water level data from the miniTrolls is 

included as supplemental electronic data. 

2.2.4 P-4 Test 

A 35-hour pumping test was conducted in well P-4.  The test was originally supposed to last for 

thirty-six hours, however the pump was accidentally turned off one hour early.  MiniTrolls were 

installed in P-4, Ob-4 and Ob-5 prior to the beginning of the test.  Water-level data were collected 

every five minutes throughout the pumping and recovery portions of the test.  A temporary pump was 

placed in P-4 at a depth of 400 feet below ground surface.  Discharge, measured using a five-gallon 

bucket and stopwatch, was routed 1000 feet to a down-slope upland area. 

The pumping rate was initially set at 5 gpm.  After 22 minutes, the pumping rate was increased to 20 

gpm.  After 120 minutes of pumping at lower rates, the pump was set at 40 gpm, where it stayed for 

the reminder of the test.  The pumping schedule is summarized below: 

Time since Pumping 

Began (minutes) 

Pumping 

Rate (gpm) 

0-22 5 

22-82 20 

82-120 27 

120-2115 40 

2115 0 
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After 35 hours of pumping, the pump was turned off and water levels were allowed to recover.  The 

pump and miniTrolls were removed after eleven hours of recovery when water levels had recovered 

at least 90% of final drawdown.  Water level data from the miniTrolls is included as supplemental 

electronic data. 

2.3 Groundwater Sampling 

Following at least 12 hours of pumping, groundwater samples were collected from each of the 

pumping test wells.  Samples were collected from a sampling port located on the discharge line, near 

where it came out of the well.  Prior to collecting the sample, water was allowed to flow out of the 

sampling port for several minutes.  Samples were collected by the Barr geologist on site, with 

assistance from a WDC representative.  Groundwater samples were collected and placed into 

laboratory-supplied containers and submitted to Northeast Technical Services (Virginia, Minnesota) 

for laboratory analysis for total metals, dissolved metals, and general chemistry parameters. 

Groundwater laboratory parameters and analysis methods are provided in Table 2. 

Due to the delayed start of this investigation in relationship to the mineral exploration drilling at the 

Site, it was not possible to collect groundwater samples from exploratory boreholes in the Duluth 

Complex, as originally proposed in the Work Plan. 
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3.0 Field Investigation Observations and Results 

3.1 Aquifer Test Results 

The aquifer test data were analyzed using conventional analytic methods.  These methods are used to 

obtain estimates of the hydrostratigraphic unit’s transmissivity/hydraulic conductivity and storage 

properties.  All of these methods have assumptions, such as the assumptions of a hydrostratigraphic 

unit of infinite areal extent, homogeneity, and isotropy.  Some methods have additional or modifying 

assumptions.  For some tests data, multiple analytic methods were used to estimate 

transmissivity/hydraulic conductivity and storage – different estimates may result from the 

application of different methods.  All analyses were done using the computer code AQTESOLV for 

Windows (Duffield, 2003). 

The pumping test data were analyzed using the Moench method (1984) for drawdown in an 

unconfined, fractured aquifer with slab shaped blocks (Appendix B).  The Moench method is an 

analytical solution for predicting water-level displacements in response to pumping in a fractured 

aquifer assuming a double-porosity model with slab-shaped matrix blocks with fracture skin and 

wellbore skin.  The Moench method assumes the aquifer has infinite areal extent, uniform thickness, 

and consists of a double porosity system with low-permeability, primary porosity blocks and high-

permeability, secondary porosity fissures. The skin parameter allows for modeling of additional (or 

less) resistance to flow between the blocks and fractures and between the wellbore and fractures.  

The effects of wellbore storage, partial penetration and variable pumping rates are included in the 

analysis.  For each test, an aquifer thickness equal to the depth of the pumping well was assumed.  

The Moench method solves for the hydraulic conductivity and storage for both the fractures and the 

rock matrix and provides information on the wellbore skin and fracture skin. 

There was no measurable drawdown observed at Ob-4 during the P-3 or P-4 pumping tests and, as 

such, there was no analysis for this well. Measured drawdowns in observation wells Ob-1 and Ob-5 

were very small (less than 0.2 feet).  There is uncertainty in analyzing such small drawdowns because 

small changes in water levels from outside influences (i.e. diurnal effects, regional water level 

changes, transducer slip, barometric pressure changes, etc.) may have substantial effects on predicted 

aquifer properties if these outside influences cannot be adequately filtered from the data.  Because of 

this, these data were not analyzed.  Following the completion of drilling and the pumping tests, it was 
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determined that Ob-2 is located entirely within the Duluth Complex.  As such, data from this test 

were not analyzed. 

Recovery period data from many of the wells were also analyzed separately using the Theis (1935) 

recovery method (Appendix B).  The Theis recovery method estimates transmissivity and the 

apparent ratio of storage coefficient following pumping to storage coefficient during pumping from 

residual displacement data collected during the recovery phase of a pumping test.  The Theis 

recovery method can be used for unconfined confined aquifers and partially penetrating wells as long 

as late time data is used for the analysis (Kruseman and deRidder, 2000).  Recovery data from wells 

P-2, P-3, Ob-3, Ob-3a, #717971, and P-4 were analyzed using this method.  Recovery data in wells 

P-1, P-2, Ob-1 and Ob-5 did not meet the criteria of the method and were not analyzed.  

Transmissivities were converted to hydraulic conductivities using the thickness of the Virginia 

Formation in the pumping well as the assumed aquifer thickness. 

As indicated in Table 3, the hydraulic conductivities determined using both the Moench method and 

the Theis method range over several orders of magnitude, from 0.0024 to 1.0 ft/day.  In general, 

hydraulic conductivities determined from the recovery data for each well were slightly higher (by a 

factor of 1 to 5) than the hydraulic conductivities determined using the Moench method.  The 

geometric mean of all hydraulic conductivity values is 0.17 ft/day.  Drawdown data from all four 

pumping wells indicated that bilinear flow conditions (i.e. fracture flow conditions) likely exist, 

however bilinear flow was not observed at any of the observation wells.  

The 96-hour pumping test conducted at P-3 had some unexpected results.  Figure 3 shows the 

drawdown curves for all wells monitored during this test.  As stated previously, while drilling Ob-3a, 

the seal between the open interval of the well and the unconsolidated material was broken.  During 

the initial periods of the pumping test, water was observed seeping into the well from the base of the 

casing.  However, after several hours, this seepage was no longer observed.  Because of the observed 

change in seepage into the well, the early drawdown data from Ob-3a were not used.  There was 

significantly more drawdown in Ob-3a (total well depth of 50 feet) than at Ob-3 (total well depth of 

100 feet) which is less than 20 feet away (see Figure 4).  In addition, there was more drawdown in 

#717971 (total well depth of 260 feet) than at Ob-3 which is more than 200 feet closer to the 

pumping well than #717971.  Despite these differences in drawdown, analysis of the data from all of 

the wells resulted in similar aquifer properties (see Table 3).  However, no single set of aquifer 

properties could match all of the data.  
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3.2 Analytical Results 

3.2.1 Analytical Data 

Groundwater samples were collected from the four pumping wells (P-1, P-2, P-3 and P-4) in 

December 2005 and January 2006.  The analytical results are presented in Table 4.  Since the 

discharge or treatment of the mine pit water is not yet determined, analytical results are compared to 

the Minnesota Surface Water Quality Class 2B Chronic and the Lake Superior Basin Water Quality 

Class 2B Chronic criteria for comparison.  The Minnesota Surface Water Quality Class 2B Chronic 

standards are designed to be protective of surface water used for recreation and support cool or warm 

water sport or commercial fish and associated aquatic life.  Class 2B surface water is not protected as 

a drinking water source.  The Lake Superior Basin water quality standards protect Class 2B waters 

within the Lake Superior watershed. Because a receiving water has not been identified at this time, a 

hardness of 50 mg/l was used to derive the criteria. 

The water samples from wells P-2 and P-4 exceeded the nitrogen (ammonia as N) criteria (270 ug/L 

and 110 ug/L respectively).  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 can not be determined at this time.  There were no other exceedences.  The 

sample collected from P-1 has an elevated level of sulfate (1,200 mg/L) compared to the other 

samples.  Only the sample from P-4 had measurable amounts of mercury (0.0007 ug/L), which are 

below the criteria of 0.0013 ug/L. 

3.2.2 Quality Assurance 

A quality assurance and quality control review was performed on the analytical results from the 

sampling event.  This review was performed in accordance with the Barr Engineering Standard 

Operating Procedure for data validation, which is based on The National Functional Guidelines for 

Organic and Inorganic Data Review (EPA 1999/2004).  All methyl mercury analysis was performed 

by Frontier Geosciences, Inc. located in Seattle, Washington and all other analysis was performed by 

Northeast Technical Services located in Virginia, Minnesota. 

Only data for methyl mercury were evaluated for the samples collected on December 22, 2005 and 

January 5, 2006; no additional quality assurance data were provided for any other analyses from 

these samples. 
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Field, trip and method blank data showed multiple detections of methyl mercury for both sampling 

events.  Only one of the samples had a detection of methyl mercury above the detection limit (P-2).  

Since this detection was within 5 times the blank value, the detection was qualified and should be 

considered a potential false positive value.  No other qualifiers were applied based on blank data. 

Technical holding times were evaluated for each sample and target parameter, based on the EPA 

recommendations listed in 40 CFR SW8-46 Test Methods for Evaluating Hazardous Waste.  All 

holding times were met for the all samples in submitted to both laboratories.  Northeast Technical 

Services did not indicate any issues with their QA/QC parameters in the reports provided for the 

analyzed samples. 

All of the data met the data project requirements and is deemed acceptable for the purposes of this 

project with the above mentioned qualifications. 
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4.0 Summary 

The purpose of the Phase II Hydrogeologic Investigation was to gather information on the ability of 

the Virginia Formation to transmit water to the proposed NorthMet pit, to characterize the quality of 

the water found in this formation. 

To help determine the aquifer characteristics of the Virginia Formation, four pumping tests were 

conducted in wells open primarily to this formation.  These wells were spaced along the contact of 

the Virginia Formation and the Duluth Complex at the mine site, focusing primarily on the eastern 

portion of the site.  Hydraulic conductivity values determined from these tests had a range of three 

orders of magnitude, from 0.0024 ft/day – 1.0 ft/day.  The geometric mean of the values is 0.17 

ft/day. 

Water quality from the pumping test wells was relatively uniform across the site.  Two wells (P-2 

and P-4) exceeded the 2B chronic criteria for ammonia nitrogen; there were no other exceedences of 

2B chronic criteria.  The sample at P-1 showed elevated sulfate concentrations relative to the other 

wells.  All wells had low level mercury levels below the 2B chronic criteria. 
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Tables 



Table 1

Well Construction Information

PolyMet Mining, Inc.

Well 

Diameter 

(inches)

Casing 

Depth 

(ft)

Total 

Depth 

(ft)

Depth to 

Bedrock 

(ft BGS)

Duluth 

Complex 

Interval (ft 

BGS)
2

Virginia 

Formation 

Interval     

(ft BGS)
2

P-1 12 27 610 11 11-105 105-610

P-2 12 27 610 12 12-170 170-610

P-3 12 27 610 17 -- 17-610

P-4 12 46 485 7 -- 7-485

Ob-1 4 21 100 8 8-100 --

Ob-2 4 18 100 6 6-100 --

Ob-3 4 21 100 7 -- 7-100

Ob-3a 4 17 50 7 -- 7-100

Water Well
1

6 19 260 8 8-160 160-260

Ob-4 4 7 100 6 -- 6-100

Ob-5 4 18 100 7 -- 7-100

BGS = Below ground surface

2
 Stratigraphy based on 3D geologic model of the site and not drill cuttings.

1
 Not installed as part of Phase II Hydrogeologic Investiation, 

Unique Well 
#
717972

Well Construction Geology

Location

Notes:



Table 2
Groundwater Analytical 

Parameters with Analysis Method
PolyMet Mining, Inc.

Description Method Description Method
Alkalinity, Total as CaCO3 EPA 310.1 Copper, Total EPA 220.2
Carbon, Total Organic EPA 415.1 Copper, Dissolved EPA 220.2
Chemical Oxygen Demand STD METH 5220D, 18TH ED Iron, Total EPA 200.7
Chloride EPA 325.2 Lead, Total EPA 7421
Cyanide Total EPA 335.2 Magnesium, Total EPA 200.7
Fluoride EPA 340.1 Manganese, Total EPA 200.7
Hardness, Total (calculated) EPA 200.7 Mercury, Low Level Total EPA 1631E
Nitrogen, Ammonia EPA 350.1 Methyl Mercury, Total EPA 1631E
Nitrogen, Nitrate + Nitrite EPA 353.2 Molybdenum, Total EPA 246.2
pH EPA 150.1 Molybdenum, Dissolved EPA 246.2
Phosphorus, Total EPA 365.2 Nickel, Total EPA 249.2
Sulfate EPA 375.4 Nickel, Dissolved EPA 249.2
Aluminum, Total EPA 200.7 Palladium, Total EPA 200.7
Aluminum, Dissolved EPA 200.7 Platinum, Total EPA 200.7
Antimony, Total EPA 204.2 Potassium, Total EPA 200.7
Arsenic, Total EPA 200.8 Selenium, Total EPA 270.2
Barium, Total EPA 200.7 Selenium, Dissolved EPA 270.2
Beryllium, Total EPA 210.2 Silver, Total EPA 272.2
Boron, Total EPA 200.7 Silver, Dissolved EPA 272.2
Cadmium, Total EPA 213.2 Sodium, Total EPA 200.7
Cadmium, Dissolved EPA 213.2 Strontium, Total EPA 200.7
Calcium, Total EPA 200.7 Thallium, Total EPA 279.2
Chromium, Total EPA 218.2 Titanium, Total EPA 283.2
Chromium, Dissolved EPA 218.2 Zinc, Total EPA 200.7
Cobalt, Total EPA 219.2 Zinc, Dissolved EPA 200.7



Table 3

Aquifer Test Results

PolyMet Mining, Inc.

Hydraulic 

Conductivity of 

Fractures (ft/day)

Transmissivity 

(ft
2
/day)

Hydraulic 

Conductivity 

(ft/day)

Hydraulic 

Conductivity 

Geometric 

Mean (ft/day)

P-1 P-1 0.0024 -- -- 0.0024

P-2 P-2 0.072 -- -- 0.072

P-3 P-3 0.40 489 0.82 0.57

P-3 Ob-3 0.46 627 1.0 0.68

P-3 Ob-3a 0.27 530 0.88 0.49

P-3 Water Well 0.16 483 0.81 0.36

P-4 P-4 0.33 154 0.32 0.33

Maximum 0.68

Minimum 0.0024

Geo. Mean 0.17

All Data(Theis Method)(Moench Method)

Pumping 

Well

Pumping Data Recovery Data

Observation 

Well



Table 4
Analytical Data Summary

Polymet Mining, Inc.
(concentrations in ug/L, unless noted otherwise)

Location MN Surface P-1 P-2 P-3 P-4
Date Water Class 1/5/2006 12/22/2005 1/5/2006 12/22/2005
Dup 2B Chronic (1)
Exceedance Key Bold

General Parameters
Alkalinity, total, mg/L -- <10 98.5 97.2 69.2
Chemical Oxygen Demand, mg/L -- <10 <10 485 17
Chloride, mg/L 230 6.6 1.8 2.1 <0.5
Cyanide -- <20 <20 <20 * <20
Fluoride, mg/L -- 1.1 0.53 0.64 0.35
Hardness, total, mg/L -- 15 56.5 113 76.2
Nitrate + Nitrite -- <100 <100 <100 <100
Nitrogen, ammonia as N 40 <100 270 <100 110
Phosphorus total -- <100 110 <100 <100
Sulfate, mg/L -- 1200 10.5 32.9 14.1
pH,  standard units 6.5-9.0 PH 8.5 7.8 6.6 8.1
Carbon, total organic, mg/L -- 2.3 2.4 7.6 2.2

Total Metals
Aluminum  125 59.1 <25 <25 57.2
Antimony 31 <3 <3 <3 <3
Arsenic  53 2.2 <2 <2 5.7
Barium -- <10 <10 <10 <10
Beryllium -- <0.2 <0.2 <0.2 <0.2
Boron -- 518 170 76.3 55
Cadmium 0.66 HD <0.2 <0.2 <0.2 <0.2
Calcium -- 6200 11600 20400 17700
Chromium 11 CR6 1.9 <1 1.2 <1
Cobalt 5.0 <1 <1 <1 <1
Copper 5.2 HD <2 <2 <2 <2
Iron -- 100 140 4370 190
Lead 1.3 HD <1 <1 <1 <1
Magnesium -- <2000 6700 15000 7800
Manganese -- 10 20 140 60
Mercury 0.0013 <0.0005 <0.0005 <0.0005 0.0007
Mercury methyl -- <0.000025 0.000059 b <0.000025 <0.000025
Molybdenum -- <5 <5 <5 34.5
Nickel 29 HD <2 <2 <2 <2
Palladium -- <0.1 <0.1 0.3 <0.1
Platinum -- <0.02 <0.02 <0.02 <0.02
Potassium -- 1200 1100 2100 1700
Selenium 5.0 <2 <2 <2 <2
Silver 1.0 HD <1 <1 <1 <1
Sodium -- 43900 24300 7500 4400
Strontium -- 33.4 37.9 75.2 45.5
Thallium 0.56 <2 <2 <2 <2
Titanium -- <10 <10 <10 <10
Zinc 59 HD 17.9 <10 11.3 <10

Dissolved Metals
Aluminum, dissolved -- <25 <25 <25 <25
Cadmium, dissolved -- <0.2 <0.2 <0.2 <0.2
Chromium, dissolved -- <1 <1 <1 <1
Copper, dissolved -- <2 <2 <2 <2
Molybdenum dissolved -- <5 <5 <5 28.9
Nickel, dissolved -- <2 <2 <2 <2
Selenium, dissolved -- <2 <2 <2 <2
Silver, dissolved -- <1 <1 <1 <1
Zinc, dissolved -- <25 <10 <25 <10

Page 1 of 2
3/23/2006 11:32 AM
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Table 4
Analytical Data Summary

Polymet Mining, Inc.
(concentrations in ug/L, unless noted otherwise)

-- No criteria.
(1) Criteria represents most conservative value as noted in Minnesota Rules Chapter 7050.0222 and 7052.0100.
* Estimated value, QA/QC criteria not met.
b Potential false positive value based on blank data validation procedure.
CR6 Value represents the criteria for Chromium, hexavalent.
HD Hardness dependent.  The specific analyte should be referenced in Minnesota Rules Chapter 7050.0222 and 7052.0100 

for specific exp. calculations.  The values reported are assuming a hardness of 50 mg/L.
PH Not less than 6.5 nor greater than 9.0.
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Figure 3     
Measured Drawdowns

During P-3 Pumping Test
PolyMet Mining, Inc.
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Aquifer Test Analysis Plots 
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Bilinear Flow Plots 
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