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Technical Memorandum 
To:   PolyMet Project File 

From:  Don Richard, Dale Kolstad, Eric Lund, Todd DeJournett 

Subject: Attenuation of Inorganics in Groundwater at the NorthMet Mine Site 

Date:  May 28, 2008 

Project: 23\69-862-006-001 

c:   John Borovsky 

 

Introduction 

Inorganic compounds including arsenic, nickel, copper, cobalt, antimony and vanadium may be present in 

seepage beneath waste rock stockpiles at the Mine Site and in West Pit groundwater during filling. 

Seepage and mine pit infiltration upon filling will contribute to the concentrations of these chemicals in 

the groundwater flowing from the Mine Site and potentially discharging to the Partridge River. Along the 

groundwater flow paths, the movement of inorganic compounds with the groundwater is impeded by 

several interactive processes with the aquifer sediment materials. The purpose of this memo is to discuss, 

in very general terms, the primary mechanisms for attenuation of inorganic compounds in groundwater at 

the NorthMet site and provide a basis for selecting inputs to the site groundwater models that can be used 

to evaluate future attenuation of these chemicals. 

Background 

Migration and attenuation of chemicals flowing with the groundwater is an extensive area of study, which 

is discussed in most groundwater hydrogeology texts. For dissolved chemicals, and in particular charged 

ionic species similar to those that are predicted to potentially occur in groundwater at the NorthMet site, 

three primary references on this subject include  

 

• Aquatic Chemistry: An Introduction Emphasizing Chemical Equilibria in Natural Waters, by 

Stumm and Morgan (1981),  

• Surface Complexation Modeling, Hydrous Ferric Oxide, by Dzombak and Morel (1990), and 

• Chemistry of the Solid Water Interface, by Stumm (1992).  
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The ratio between the mass of chemical that will remain in solution and the mass that will be sorbed (both 

adsorbed and absorbed) is generally referred to as a sorption (or partition or distribution) coefficient, Kd. 

The sorption coefficient is based upon achieving equilibrium between the dissolved and sorbed mass, 

which is generally a reasonable assumption for relatively slow-moving groundwater. The sorption 

coefficient is generally linear in nature; however, this linearity occurs over the range where additional 

sorption sites remain available on the solid phase. Once all of the sorption sites have been filled, the linear 

range of the sorption coefficient is exceeded and any additional mass in solution will remain. In this case, 

the soil will no longer be able to attenuate the migration of the chemical mass in the groundwater relative 

to the rate of groundwater flow.  

 

It is generally understood that the primary attraction of dissolved ions to solid surfaces is due to the 

presence of an un-equalized electrical charge that is present on the solid surfaces. The strength of this 

surface charge is dependent on the chemical nature of the solid material, and as implied by the title of 

Dzombak and Morel’s work, the presence of iron oxide in the solid phase has a significant role in the 

adsorption of dissolved species to the solid surfaces. Moreover, in a study by Carillo and Drever (1998), 

the portion of iron oxide in the solid phase was the singular factor, other than pH, needed to correlate 

predicted and observed attenuation arsenic in groundwater. The other primary factors that affect the 

sorption of dissolved inorganics onto solid surfaces include pH and the amount of organic matter.   

 

In a recent compilation of literature values for partition coefficients (U.S. EPA, 2005), the sorption 

coefficients for 20 inorganic compounds were evaluated. Where possible, the literature search effort also 

endeavored to obtain information on the pH, total organic carbon, and iron oxide content of the soils used 

in the individual studies. These values were then used in an equilibrium partitioning-based modeling 

effort to fill any data gaps in the literature-based data set. Table 1summarizes the results of the combined 

results from the literature search for sorption coefficients and the modeling based effort to fill data gaps in 

the literature based values for the 20 inorganic compounds of interest to the EPA.  
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Table 1 

Soil Water Partition Coefficients for Inorganic Compounds (log Kd in units of L/Kg) 

 

Inorganic Median Mean Std. Dev. Minimum Maximum 

Ag(I) 2.6 2.6 0.8 1.0 4.5 

As 3.4 3.2 0.7 0.3 4.3 

Ba(II) -- 2.0 0.7 0.7 3.4 

Be(II) -- 2.2 1.0 1.7 4.1 

Cd(II) 2.9 2.7 0.8 0.1 5.0 

Co(II) 2.1 2.1 1.2 -1.2 4.1 

Cr(III) 3.9 3.8 0.4 1.0 4.7 

Cr(VI) 1.1 0.8 0.8 -0.7 3.3 

Cu(II) 2.7 2.5 0.6 0.1 3.6 

Hg(II) 3.8 3.6 0.7 2.2 5.8 

MeHg 2.8 2.7 0.6 1.3 4.8 

Mo(IV) 1.1 1.3 0.6 -0.4 2.7 

Ni(II) 3.1 2.9 0.5 1.0 3.8 

Pb(II) 4.1 3.7 1.2 0.7 5.0 

Sb -- 2.3 1.1 0.1 2.7 

Se(IV) 1.4 1.3 0.4 -0.3 2.4 

Se(VI) -- -0.2 1.1 -2.0 2.0 

Sn(II) -- 2.7 0.7 2.1 4.0 

Tl(I) -- 0.5 0.9 -1.2 1.5 

V(V) -- 1.7 1.5 0.5 2.5 

Zn(II) 3.1 2.7 1.0 -1.0 5.0 

CN- -- 0.7 1.6 -2.4 1.3 

Ref: See Table 3 of U.S. EPA, 2005 

 

The U.S. EPA efforts to compile sorption coefficients from a wide array of published research with site 

specific soils provides a basis for the selection of sorption coefficients for modeling work at NorthMet, 
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provided the characteristics of the soils at the site are similar to those included in the population used to 

develop the EPA data base.  

 

Site Specific Data Collection 

The published sorption coefficients identified by the U.S. EPA can be used to model attenuation of 

inorganics in groundwater at the NorthMet site, provided the pH, organic carbon content and iron oxide 

content are within the range of the available research. To compare site soils to those used in the 

compilation of published sorption coefficients, soil samples were collected from the site in January 2008 

(see Figure 1 for sample locations). The primary purpose for this sampling effort was to complete an 

overburden geochemical characterization in accordance with a work plan developed for PolyMet by SRK. 

The soil pH was determined in the field during sample collection. Then, unconsolidated, overburden soils 

were collected by Barr field staff and submitted to Columbia Analytical Services (CAS) in Kelso, 

Washington for analysis of total iron, total organic carbon, and cation exchange capacity. Split samples 

were also submitted to the Iowa State University College of Engineering, Materials Analysis and 

Research Laboratory for analysis of iron oxide content.  The laboratory results of these analyses are 

included in Appendix A and summarized in Table 2 (attached).  

 

The field pH of soils ranged from a low of 5.4 in near surface samples to approximately 7.2. All samples 

below 10 feet and at depths that would likely be in contact with groundwater were between 6.3 and 7.2, 

which is in the middle of the range of pH values for partition coefficients identified by the EPA (4 to 10). 

Total organic carbon was highest in the shallow sample and was significantly different than the other 

samples from greater depths. The total organic carbon in the shallow sample was 1.73 percent while the 

value of the other four samples obtained below 10 feet ranged from 0.11 to 0.48 percent. These values are 

at the very low end of the values for organic carbon reported by the U.S. EPA, where the lower 10th 

percentile had an organic carbon content of 0.41 percent or less.  Finally, the results of the laboratory 

analyses from CAS showed that the unconsolidated, overburden soils contain approximately 2 percent 

total iron. The results from Iowa State showed that the soil samples had a total iron oxide content of 

between 5 and 9 percent. This result suggests that most, if not all, of the iron present in the overburden 

soil is in the form of iron oxide. Similar to the carbon content, the iron oxide content of the NorthMet 

soils are within the range of soils used in the development of the U.S. EPA data base, but generally in the 

lower half of the range – for those samples where iron oxide content was available.  
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Estimation of Sorption Coefficients for Groundwater Attenuation Modeling 

A simple comparison of the site specific field data for the NorthMet site to the ranges of these parameters 

in soils used in the compilation of sorption coefficients by the U.S. EPA shows that all of the parameters 

that have the potential to affect sorption of inorganics to soils were within the observed ranges. In the case 

of organic carbon, the values, especially for the deeper soil samples were generally at the lower end of the 

observed range. Because the site specific values for the parameters that influence sorption (pH, organic 

carbon, and iron oxide content) are all within the range of those identified in the U.S. EPA literature 

review, the published values are a reasonable data base for the selection of site specific values. Because 

the pH of site soils are generally below 7 and the values of organic carbon in the samples below 10 feet 

are near the lower 10th percentile for the published results, the values for the sorption coefficients used at 

the NorthMet site should generally be chosen near the lower end of the potential range.  
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Table 2
Analytical Data Summary

Overburden Soil: Northmet Site
Polymet Mining Corporation

(units as noted)

Location RS-04 10-15' RS-11 17-25' RS-11 25-31' RS-12 5.5-15' RS-14B 0-5'
Date 1/17/2008 1/30/2008 1/30/2008 1/26/2008 1/26/2008

Metals
Iron, mg/kg 19700 24900 18900 -- --
Iron Oxide (Fe2O3), % 5.77 7.61 8.80 5.71 7.19

Measurements
Solids, % 84.6 88.5 88.0 92.4 83.9
Cation Exchange Capacity, mEq/100g 10 6.9 4.0 3.1 27

General Parameter
Carbon, total organic, % 0.12 0.29 0.48 0.11 1.73
pH,  standard units, field 6.33 6.56 6.33 7.17 5.41

Detections are presented in bold.
-- Not analyzed.

Page 1 of 1
5/27/2008 2:52 PM
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