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Proposed Unsaturated Overburden Sample Analysis Plan
March 3, 2010

 
PolyMet submitted an Overburden Sampling Plan on February 25, 2010 via email from Christie
Kearney to Dave Blaha, Stuart Arkley, and Jennifer Engstrom, with copy to several others under the
subject PolyMet Overburden Sampling Plan. In that email, it was stated that PolyMet would be
submitting recommendations regarding the subsequent laboratory analysis. This email lays out the
proposed plan for the laboratory analyses of the unsaturated overburden samples that are currently
being collected.
 
In an email on Feb. 9, 2010, Jennifer Engstrom, MDNR-LAM, provided the following:

Suggestions for sample analysis:

1)       one sample of minus the particle size to be used for construction or other on-site use, crushed and
analyzed (total mass) for similar suite of constituents as previous sampling and analysis plan,

2)       separate sample of minus 2 mm, crushed and analyzed (total mass) for similar suite of constituents
as previous sampling and analysis plan,

3)       particle size distribution (gradations by weight %) to better understand the chemistry,

4)       test soil horizons separately since previous sampling indicated elevated metal concentrations, and

5)       remainder of tests that were conducted for the previous overburden sampling

Based on previous analyses and MDNR suggestions, the unsaturated overburden samples collected
will be evaluated as shown on the attached figure:

·         Rinse test for pH, oxidation/reduction potential, and specific conductivity of the bulk
sample

·         Particle size distribution of the bulk sample via sieve and hydrometer testing (ASTM
D422 – Standard Test Method for Particle-Size Analysis of Soils)

·         Meteoric Water Mobility Procedure (MWMP, Nevada DEP) of the bulk sample

·         Metals analysis of the minus 2 mm fraction (aqua regia, as was previously done, and 1 N
nitric acid)

·         Moisture Content

·         Acid-Base Accounting

The MWMP test is used to predict leaching by first contact of water when exposed by excavation.
This test was used previously to assess the potential effects on water quality as a result of
excavation of the overburden material on the site. Therefore, it will be the main tool used to
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SOIL MATERIALS AT NORTHMET


David Grigal


25 February 2010


OBJECTIVE


A question has arisen about mobility of elements from soil materials following their excavation at the NorthMet site.  To help address this question, I was asked to prepare a brief paper.  I will first briefly outline the current understanding of soil formation (genesis), with an emphasis on the changes (additions and losses) of elements within the soil solum.  I will also discuss the potential fate of these elements when the material is disturbed and reused.


A PRIMER ON SOIL GENESIS


Although nearly all natural science professionals have been introduced to the concepts of soil formation (genesis), some of the details that are pertinent to the discussion of soils at the NorthMet site may have faded with time.  Therefore, before becoming immersed in details it is worthwhile to step back to understand the fundamentals of soil formation, including the changes that geologic materials undergo at the earth’s surface over time.  Although some of the discussion may seem esoteric, I will try to focus on applicability to the OBJECTIVE.  


Soil Profile Nomenclature


First, a few definitions are necessary.  In soil science, the solum includes the surface and subsurface soil layers that have undergone the same soil forming processes. The base of the solum is material that has not undergone soil-related development, termed the substratum.  The soil layers are most often referred to as soil horizons, and in these terms the solum consists of A, E, and B horizons, their transitional horizons, and some O horizons.


The O (organic) horizon is sometimes referred to as humus or in forested areas, as forest floor.  Its composition is dominated by large amounts of organic material in varying stages of decomposition, although it does contain some mineral particles. 


The A horizon is the surface layer of the predominantly mineral horizons.  Although details vary, the A horizon most often contains more organic matter than underlying layers, and usually contains less clay or iron and aluminum oxides (sesquioxides).  Because it is near the surface, it is the zone where most biological activity occurs. 


In some but not all soils, an E horizon may occur near the surface, below an O or A horizon and above a B horizon.  The main feature of an E horizon is loss of silicate clay, iron, aluminum, or some combination of these, leaving a pale layer largely composed of silicates (sand and silt particles).  The E horizon occurrence is sporadic in most soils in northern Minnesota, including those on the NorthMet site. 


In the process of soil formation, materials move from the surface soil (A and E horizons) into the subsoil, the B horizon.  As a result, the B horizon is said to contain illuvial concentrations of silicate clay, iron, aluminum, and/or humus (organic matter).  Illuviation is the deposition of materials (e.g., clay, sesquioxides and/or humus) in a lower soil horizon through the process of eluviation (downward movement) from an upper horizon.  In cases where the processes have not reached full expression, the B horizon may contain coatings of sesquioxides that make the horizon brighter and often redder in color than horizons above and below it, but with only barely measurable illuviation.  


The C horizon, simply named because it comes after A and B horizons, is minimally affected by soil forming processes.  Lack of pedological (soil-related) development, change related to overlying horizons, is one of its defining attributes.  In other words, C horizons lack properties of O, A, E, or B horizons.  Two misconceptions about the C horizon is that it is unchanged from its original state and that it is the material from which the solum presumably formed (parent material).  Neither is true.  The material in the C horizon can have changed, but not through soil forming processes, and it may or may not be parent material.  


Finally, in some cases, including the NorthMet site, R horizons occur.  They are simply defined as bedrock at the base of the soil profile.  Unlike the above horizons, R horizons largely comprise continuous masses (as opposed to boulders) of hard rock that cannot be excavated by hand.


Soil Forming Processes


The concept of soil that is held by many lay people is that soil is “…disintegrated and more or less decomposed rock material intermingled, perhaps, with organic matter from plant decay.” (Merrill 1897, cited by Simonson 1997).  In the United States, this concept was also held by the scientific community until the late 1920s.  In contrast, by the latter part of the 19th Century, Russian scientists were espousing a radically different view of soils.  Simonson (1997) has written a review of the penetration and acceptance of the Russian view into the broader scientific community.  


The pre-eminent scientist in the Russian development was Dokuchaev.  His extensive travels across the broad expanse of Russia led him to the perspective that soil was a natural body with its own genesis and history of development.  It was different than the underlying material, and formed under the influence of a series of processes that were influenced by climate, vegetation, topography, original material, and time (soil-forming factors).  This perspective underlies much of modern soil science, and helps explain how large geographic areas can have similar soils in spite of great differences in underlying material (e.g., Mollisols, formerly known as Chernozems – soils with an A horizon that is thick, high in organic matter, and rich in nutrients are found across the prairies of North American, South America, and Eurasia).  


The various processes involved in soil formation have been elucidated by examining sequences of soil that ideally differed in all but one of the soil-forming factors (e.g., Bockheim 1980 – age sequences, termed chronofunctions).  Although this ideal can seldom be completely achieved, the resulting work has shed light on the relative degree of influence of the various factors.  Simonson (1959) helped develop a more systematic approach by proposing that the differentiation of horizons in the soil profile is due to additions, removals, transfers, and transformations within the system.  He cited examples such as additions of organic matter, removals of soluble salts and carbonates, transfers of sesquioxides, and transformations of primary minerals into secondary minerals.  He proposed that these changes proceed simultaneously in all soils, and that their balance governs the ultimate nature of the soil profile. 


NORTHMET SOILS


Classification


Based on the concepts related to soil formation as described above, a reasonable expectation would be that mineral soils found in northern Minnesota would be generally similar to one another.  That is because they are broadly similar in climate, vegetation, topography, and time, although they may vary somewhat in original material (glacial debris).  In fact, Udepts are the dominant soil in northeastern Minnesota (Fig. 1).   They are a suborder of the order Inceptisols, soils of humid and subhumid regions that have altered horizons that have lost bases or iron and aluminum, but do not have an illuvial horizon enriched with either silicate clay or with sesquioxides.  Udepts are freely-drained (unsaturated) soils found under forest vegetation (http://soils.usda.gov/technical/classification/orders/inceptisols_map.html, accessed 23 February 2010).  They are often associated on the landscape with Aquepts, wet Inceptisols that have ground water at or near the soil surface at some time during normal years but typically not in all seasons.  Continuous saturation by groundwater has major influences on soil formation in terms of additions, removals, transfers, and transformations. 
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Fig. 1.  National distribution of Inceptisols (http://soils.usda.gov/technical/classification/orders/inceptisols_map.html, accessed 23 February 2010).


All of the mineral soils that have been cross-correlated with mapping on the NorthMet Mine Site are classified by the National Cooperative Soil Survey as Inceptisols.  The Bugcreek series is an Aquept, while all of the better-drained soils are Udepts (Babbitt, Eaglenest, Eveleth, and Wahlsten soil series – DEIS, p. 4.2-2), and are specifically members of the Great Group Dystrudepts.  


As outlined earlier, the classic view of soil formation in humid forested regions includes additions of organic matter at the surface, removals of soluble salts and carbonates, transfers of sesquioxides, and transformations of primary minerals into secondary minerals (Simonson 1959).  In the classification key for soils in the system used in the United States, Dystrudepts are described simply as “other Udepts” (Keys to Soil Taxonomy, Eighth Edition 1998).  That is, they do not have any distinguishing properties, as do the other Great Groups of Udepts (Sulfudepts, Durudepts, Fragiudepts, or Eutrudepts).  Although they have had additions of organic matter at the surface, they have had minimal transfer of sesquioxides or mineral transformations (such as formation of clays in situ from weathering products).  This is presumably the result of the interaction of the relatively young age of the glacial deposits and the cool but not wet climate.  Any soluble salts and carbonates, however, have been removed.  


One of the potentially most important processes of soil formation with respect to the NorthMet discussion is podzolization.  This term refers to transfers of sesquioxides from surface to B horizons during soil formation.  It is universally considered to take place via complexes with organic matter from forest litter (Birkeland 1984, Jenny 1980), and therefore could also take place with heavy metals.  Sesquioxide complexes precipitate in the B horizon, resulting in an illuvial horizon.  A number of hypotheses have been put forth to explain the precipitation, including changes in ionic content of soil solution, changes in the ratio of organic matter to metal in the complexes, decomposition of the complexes by microbes leading to deposition of the metals as oxides, or simply dessication associated with dry seasons (Birkeland 1984).  Whatever the mechanism, this process surely occurs in humid forested environments.  


Variation in Soil Properties


If soils are natural bodies formed by the interaction of the five soil-forming factors espoused by Dokuchaev (climate, vegetation, topography, original material, and time), then the expectation would be that soils with a commonality of those factors would have similar properties.  


This expectation can be tested for the area near NorthMet by using data from Green (1978).  He sampled soils in 60 forest stands dominated by jack pine within 30 miles of Ely, Minnesota. Fifteen of the stands were on deep soil (> 3 ft deep) and 45 were on shallow soils (< 1 ft) over bedrock: 15 each over gabbro, granite, and greenstone. The soils were formed primarily in glacial till from the Rainy Lobe, as is found on the NorthMet site.  His sampling locations were primarily north and east of the NorthMet site.  There was no evidence of disturbance at any sites after the present stand had been established more than 50 years ago.


He analyzed the soil samples for the traditional nutrient-related elements, including exchangeable bases (Ca, Mg, K, and Na) in all sampled horizons and carbon (C) in the A horizon.  I tested whether differences in the concentration of these elements among the four geologic groups were significant.  I tested data from the A horizons and from the major B horizon (Bhir – showing some accumulation of carbon (h – humus) and iron and aluminum (ir)).  


Based on one-way analysis of variance, only differences in concentrations of Ca and Mg in the A horizon (prob. = 0.092 and 0.095, respectively) were marginally significant.  No other differences even approached this level of probability (A horizon K prob. = 0.61, Na prob. = 0.20, C prob. = 0.59; B horizon Ca prob. = 0.70, Mg prob. = 0.57, K prob. = 0.28, Na prob. = 0.24).  This similarity in properties occurred even though the exact composition of the parent material was probably not identical among stands (e.g., soil texture varied from silt loam to sandy loam – Green and Grigal 1979), topography differed (slope and aspect varied – Green 1978), and they likely had not experienced similar sequences of vegetation change over the last 10,000 years.  This result demonstrates that soils are indeed independent bodies that develop as integral parts of ecosystems over time, and can be expected to have broad uniformity over relatively large geographic areas.


Another study with results directly applicable to the NorthMet environment was conducted by Pierce (1980), published later as a peer-reviewed paper (Pierce et al. 1982).  He measured concentrations of Cd, Cr, Cu, Ni, Pb, and Zn in 16 soil series formed on seven major parent materials scattered throughout Minnesota, including two series on glacial till from the Rainy Lobe.  The series were well- and poorly-drained landscape associates, a Udept and an Aquept.  For each series, samples were collected from three sites located approximately 15 miles apart.  The sites representing the Rainy Lobe till were located about 40 miles north of Duluth.  Sampling pits were excavated at each site and samples were collected from the surface, subsoil, and C horizon.  


Samples were extracted by 1 N HNO3.  This extraction was based on the recommendations of a Regional Technical Committee of the USDA (W-124, The Optimum Utilization of Sewage Sludge on Agricultural Land) (Pierce 1980).  It was presumed to include both labile (water-soluble, exchangeable, associated with organic matter, and adsorbed on oxide surfaces) and other biogenetically available metals.  The latter term refers to metals that could reasonably be expected to become available to plants via weathering over relatively long time periods.  


Using data from his thesis (Pierce 1980), I tested whether differences in concentration of nitric-acid extractable metals were different between the sampled series in the A horizons and in B horizons (any horizon noted as a B).   This is similar to the analysis that I carried out with Green’s (1978) data, but in this case the variables were concentrations of heavy metals, not nutrient elements.  Based on one-way analysis of variance, only differences in Pb in the A horizon (prob. = 0.030) were significant.  Highest concentrations in that horizon were in the Aquent, and were associated with nearly twice the total carbon compared to the Udept (8.4 versus 4.4 %).  During that time period, lead additives in gasoline and associated atmospheric deposition were associated with high levels of lead in organic-rich horizons of forests (Miller and Friedland 1994).  No other differences were significant (A horizon Cd prob. = 0.82, Cr prob. = 0.13, Zn prob. = 0.73, Cu prob. = 0.16, Ni prob. = 0.10; B horizon Pb prob. = 0.93, Cd prob. = 0.49, Cr prob. = 0.11, Zn prob. = 0.36, Cu prob. = 0.85, Ni prob. = 0.98).  This further supports the results from Green’s (1978) data that soils are independent bodies that can be expected to have broad uniformity over relatively large geographic areas, and in this case in the context of heavy metals.


Particular interest has been on Cu and Ni, and because of their affinity to organic matter those elements would also be expected to also be susceptible to the podzolization process.  I tested whether or not nitric-acid extractable Cu and Ni were different between the A and B horizons in the two series that Pierce (1980) sampled.  I combined data for both series because, as noted above, there were no significant differences in concentrations of either metal in A or B horizons between series.  Neither difference between horizons was significant (Cu prob. = 0.51, Ni prob. = 0.31).  As stated earlier, Durepts have minimal evidence of illuviation of sesquioxides, and these data indicate that minimal movement of Cu or Ni has occurred.


INFLUENCE OF DISTURBANCE


The question has been raised about the potential fate of elements within the A and B horizons (the solum) following disturbance.  


First, it is important to understand that the A horizon in the mineral soils in the NorthMet site are relatively shallow, and represent minor volumes.  Both data from Green (1978) and Pierce (1980), and from the USDA Natural Resource Conservation Service for soils in the area, indicate that the A horizons are only about three inches thick.  Because of their relatively high organic matter content compared to underlying layers, they have low densities and also represent a relatively small mass.


In contrast to the surface horizon, B horizons of the soils noted in the DEIS range are generally in the range of 40 to 50 inches thick, with a minimum in the bedrock-overlying Wahlsten (17 inches) to a maximum of about 60 inches (Bugcreek) (data from official series descriptions, National Cooperative Soil Survey, USDA Natural Resource Conservation Service).  With the higher densities of this material, it represents a substantially greater mass and volume of material than the surface horizon.


Based on the material that I have reviewed, there are at least four points that can be drawn about the potential fate of elements within the A and B horizons (the solum) following disturbance:


(1) The soils at the NorthMet site have been exposed to the environment, and to soil-forming factors, for approximately 10,000 years (give or take a few).  During that relatively long time, they have experienced extremes of temperature, wetness, and the effects of organisms.  The resultant is what we now see and measure.  That prolonged period has provided substantial time for weathering and translocation of elements to have occurred.  Any weathering and translocation that is now occurring must be doing so at extremely slow rates.  Bockheim (1980), using data for 15 soil properties in chronosequences (temporal sequences of soil with minimum variation in parent material, vegetation, topography, and climate), tested the change in soil properties with time.  He found that the best relationships were changes in properties with the logarithm of time (more than 85% of the correlation coefficients were statistically significant).  Using this as a yardstick, any changes that occurred in newly-exposed material at the NorthMet site over the first 10-year period of exposure would now take nearly 100,000 years to occur.  In other words, we should not expect weathering and leaching of heavy metals to occur if the soil solum is disturbed.  


(2) Based on Green’s (1978) and Pierce’s (1980) data, we can conclude that properties of soils in the area are relatively uniform geographically.  This does not mean to imply that the properties are uniform across a landscape of varying topography, but that soils formed in similar materials (not exactly identical) in similar landscape positions (not exactly identical) can reasonably assumed to have similar properties.  In fact, the peer-reviewed paper from Pierce (Pierce et al. 1982) states that “These data suggest that the soil series should be the basic unit when assessing the native metal content of soils, and that the variation within a series can be estimated reasonably by sampling three sites, at least in un-contaminated soils.”  As a result, it should not be necessary to sample a very large number of locations in order to arrive at some general conclusions.  


(3) The process of podzolization can lead to movement of iron, aluminum, and presumably other metals from the surface of the soil to the B horizon.  That process, however, requires organic matter produced by forest vegetation to sequester the metals.  If soil material is disturbed and used for construction, any metals currently deposited in the former B horizon would be immobile.  Mobility would only occur if that material were placed directly on the surface and a functioning forest ecosystem were to develop.  In that case, the metals would only move a few inches into the newly-formed soil.  However, data from Pierce (1980) indicate no measurable accumulation of metals in the B horizon of soils similar to those at the NorthMet site.  


(4) Finally, anecdotal evidence, based on observations of the literally millions of cubic yards of soil materials that have been disturbed in northeastern Minnesota by mining, road construction, urban development, logging, and the myriad of other activities associated with man’s assault on the landscape, show no contamination of aquatic resources or danger to human health due to metal leaching.


In conclusion, there is no evidence to support a hypothesis of movement of heavy metals from materials removed from soil solums at the NorthMet site if they are disturbed by mining and reused for construction.
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evaluate leaching. Acid-base accounting will indicate whether there is potential for long term water
degradation.

The metal analysis of the minus 2 mm fraction will be used as backup information to confirm the
metal concentrations in the sample population and to evaluate the results of the MWMP testing.
Although the aqua regia analysis was previously used for metal analysis, the analysis with 1 N nitric
acid (HNO3) is a new extraction method for the overburden evaluation at PolyMet. This extraction is

based on the recommendations of the Regional Technical Committee of the USDA (W-124, The
Optimum Utilization of Sewage Sludge on Agricultural Land) (Pierce 1980). The extraction is
presumed to include both labile (water soluble, exchangeable, associated with organic matter, and
adsorbed on oxide surfaces) and other biogenetically available metals. The later term refers to
metals that could reasonably be expected to become available to plants via weathering over
relatively long time periods. Thus this extraction should provide a reasonable representation of
metals available for movement with infiltrating water over the long term and the results from this
extraction would provide a basis for a direct comparison to similar data for other Minnesota soils,
including Rainy Lobe till (Pierce et al 1982).  For further discussion of this extraction in regards to the
Mine Site, see the attached paper from Dr. David Grigal that was submitted to the MDNR on March
1, 2010 from John Borovsky (Grigal 2010).

Based on Barr’s Preliminary Agency Preference Meeting Follow-Up: Action Item 1 – Stockpile Liner
Construction (January 27, 2010 Memorandum by Tom Radue to Dave Blaha, ERM, and Stuart Arkley,
MDNR):

The selection of the maximum allowable particle size is typically based on engineering experience and
judgment.  It is Barr’s experience that limiting the maximum particle size to approximately 1/3 the
compacted soil lift thickness accommodates uniform compaction of the soil layer to the specified density. 

Therefore, maximum particle size used for construction is dependent on the application. The
maximum particle size for a 9-inch thick soil lift, for example, would be 3 inches, and most
construction uses for the unsaturated overburden would also be limited to something similar on the
basis of the soil lift thickness as placed during a typical construction sequence. Collection of the
samples in the field is done with a trenching shovel, capturing the samples into a bucket and
discarding rocks in excess of approximately 5 inches or more. Therefore, the bulk sample
encompasses material that is representative of our construction materials. Therefore, interpretation
of the MWMP results of the bulk sample will be representative of the actual water quality we could
expect from the construction areas where the unsaturated overburden is used.

The proposed analyses would not include metal analyses of the bulk sample or of minus 3 inches,
because the MWMP is a better representation of what the actual water quality results will be than
the metal assay analysis; therefore we are not proposing to include a sample to meet MDNR Item 1.

The proposed analysis plan does meet the suggestion of MDNR Items 2, 3, and 4. As described in our
Overburden Sampling Plan email from February 25, 2010, depending on the depths of the soil
horizons found at each sump, we will collect additional soil horizon samples for analyses if practical.

MDNR Item 5 suggests that we do the same analyses as was done previously. As described above,
we are focusing our efforts on the MWMP evaluation with metal analyses on the less than 2mm



fraction to support the evaluation of MWMP results; therefore we are not proposing to do the full
suite of analyses as the previous sampling effort and do not believe the additional analyses are
beneficial for understanding the ultimate potential water quality effects of the use of this material
in construction applications.
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Please contact Mehgan Blair at 218-529-8237 or me at 218-262-8629 if you have any questions
about or concerns about this sampling program.
Christie M. Kearney 
Water Resources Environmental Engineer 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Barr Engineering Company 
3128 14th Ave. E. 
Hibbing, Minnesota 55746 
~~~~~~~~~~~~~~~~~~ 
direct) 218-262-8629 
ckearney@barr.com
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From: Christie Kearney
To: Christie Kearney; David Blaha (David.Blaha@erm.com); Stuart Arkley (Stuart.Arkley@dnr.state.mn.us);

"Engstrom, Jennifer N (DNR)"
Cc: John Borovsky; Mehgan M. Blair; Day, Stephen; Tom Radue; Heather Arends (heather.arends@state.mn.us);

Dennis Martin (dennis.martin@state.mn.us); Paul Eger (DNR) (a.paul.eger@state.mn.us); "Jim Scott"; Cheryl D.
Feigum; Michael Olson (MDNR)

Subject: RE: PolyMet Unsaturated Overburden Sampling Analysis Plan
Date: Thursday, March 04, 2010 8:41:05 AM
Attachments: PolyMet Preparation_Scheme-Analyses 3-4-2010.pdf

Please replace the figure sent yesterday with the attached figure, which is a better representation of
PolyMet’s unsaturated overburden sample analysis plan. I apologize for the inconvenience!
Christie
 

From: Christie Kearney 
Sent: Wednesday, March 03, 2010 1:04 PM
To: Christie Kearney; David Blaha (David.Blaha@erm.com); Stuart Arkley
(Stuart.Arkley@dnr.state.mn.us); 'Engstrom, Jennifer N (DNR)'
Cc: John Borovsky; Mehgan M. Blair; 'Day, Stephen'; Tom Radue; Heather Arends
(heather.arends@state.mn.us); Dennis Martin (dennis.martin@state.mn.us); Paul Eger (DNR)
(a.paul.eger@state.mn.us); 'Jim Scott'; Cheryl D. Feigum; Michael Olson (MDNR)
Subject: PolyMet Unsaturated Overburden Sampling Analysis Plan
 

Proposed Unsaturated Overburden Sample Analysis Plan
March 3, 2010

 
PolyMet submitted an Overburden Sampling Plan on February 25, 2010 via email from Christie
Kearney to Dave Blaha, Stuart Arkley, and Jennifer Engstrom, with copy to several others under the
subject PolyMet Overburden Sampling Plan. In that email, it was stated that PolyMet would be
submitting recommendations regarding the subsequent laboratory analysis. This email lays out the
proposed plan for the laboratory analyses of the unsaturated overburden samples that are currently
being collected.
 
In an email on Feb. 9, 2010, Jennifer Engstrom, MDNR-LAM, provided the following:

Suggestions for sample analysis:

1)       one sample of minus the particle size to be used for construction or other on-site use, crushed and
analyzed (total mass) for similar suite of constituents as previous sampling and analysis plan,

2)       separate sample of minus 2 mm, crushed and analyzed (total mass) for similar suite of constituents
as previous sampling and analysis plan,

3)       particle size distribution (gradations by weight %) to better understand the chemistry,

4)       test soil horizons separately since previous sampling indicated elevated metal concentrations, and

5)       remainder of tests that were conducted for the previous overburden sampling

Based on previous analyses and MDNR suggestions, the unsaturated overburden samples collected
will be evaluated as shown on the attached figure:

·         Rinse test for pH, oxidation/reduction potential, and specific conductivity of the bulk
sample

·         Particle size distribution of the bulk sample via sieve and hydrometer testing (ASTM
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D422 – Standard Test Method for Particle-Size Analysis of Soils)

·         Meteoric Water Mobility Procedure (MWMP, Nevada DEP) of the bulk sample

·         Metals analysis of the minus 2 mm fraction (aqua regia, as was previously done, and 1 N
nitric acid)

·         Moisture Content

·         Acid-Base Accounting

The MWMP test is used to predict leaching by first contact of water when exposed by excavation.
This test was used previously to assess the potential effects on water quality as a result of
excavation of the overburden material on the site. Therefore, it will be the main tool used to
evaluate leaching. Acid-base accounting will indicate whether there is potential for long term water
degradation.

The metal analysis of the minus 2 mm fraction will be used as backup information to confirm the
metal concentrations in the sample population and to evaluate the results of the MWMP testing.
Although the aqua regia analysis was previously used for metal analysis, the analysis with 1 N nitric
acid (HNO3) is a new extraction method for the overburden evaluation at PolyMet. This extraction is

based on the recommendations of the Regional Technical Committee of the USDA (W-124, The
Optimum Utilization of Sewage Sludge on Agricultural Land) (Pierce 1980). The extraction is
presumed to include both labile (water soluble, exchangeable, associated with organic matter, and
adsorbed on oxide surfaces) and other biogenetically available metals. The later term refers to
metals that could reasonably be expected to become available to plants via weathering over
relatively long time periods. Thus this extraction should provide a reasonable representation of
metals available for movement with infiltrating water over the long term and the results from this
extraction would provide a basis for a direct comparison to similar data for other Minnesota soils,
including Rainy Lobe till (Pierce et al 1982).  For further discussion of this extraction in regards to the
Mine Site, see the attached paper from Dr. David Grigal that was submitted to the MDNR on March
1, 2010 from John Borovsky (Grigal 2010).

Based on Barr’s Preliminary Agency Preference Meeting Follow-Up: Action Item 1 – Stockpile Liner
Construction (January 27, 2010 Memorandum by Tom Radue to Dave Blaha, ERM, and Stuart Arkley,
MDNR):

The selection of the maximum allowable particle size is typically based on engineering experience and
judgment.  It is Barr’s experience that limiting the maximum particle size to approximately 1/3 the
compacted soil lift thickness accommodates uniform compaction of the soil layer to the specified density. 

Therefore, maximum particle size used for construction is dependent on the application. The
maximum particle size for a 9-inch thick soil lift, for example, would be 3 inches, and most
construction uses for the unsaturated overburden would also be limited to something similar on the
basis of the soil lift thickness as placed during a typical construction sequence. Collection of the
samples in the field is done with a trenching shovel, capturing the samples into a bucket and
discarding rocks in excess of approximately 5 inches or more. Therefore, the bulk sample
encompasses material that is representative of our construction materials. Therefore, interpretation
of the MWMP results of the bulk sample will be representative of the actual water quality we could
expect from the construction areas where the unsaturated overburden is used.



The proposed analyses would not include metal analyses of the bulk sample or of minus 3 inches,
because the MWMP is a better representation of what the actual water quality results will be than
the metal assay analysis; therefore we are not proposing to include a sample to meet MDNR Item 1.

The proposed analysis plan does meet the suggestion of MDNR Items 2, 3, and 4. As described in our
Overburden Sampling Plan email from February 25, 2010, depending on the depths of the soil
horizons found at each sump, we will collect additional soil horizon samples for analyses if practical.

MDNR Item 5 suggests that we do the same analyses as was done previously. As described above,
we are focusing our efforts on the MWMP evaluation with metal analyses on the less than 2mm
fraction to support the evaluation of MWMP results; therefore we are not proposing to do the full
suite of analyses as the previous sampling effort and do not believe the additional analyses are
beneficial for understanding the ultimate potential water quality effects of the use of this material
in construction applications.
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Please contact Mehgan Blair at 218-529-8237 or me at 218-262-8629 if you have any questions
about or concerns about this sampling program.
Christie M. Kearney 
Water Resources Environmental Engineer 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Barr Engineering Company 
3128 14th Ave. E. 
Hibbing, Minnesota 55746 
~~~~~~~~~~~~~~~~~~ 
direct) 218-262-8629 
ckearney@barr.com
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