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ABSTRACT 
 
For over 40 years, taconite tailings, a by-product of taconite iron ore processing, has been used in 
northeastern Minnesota road construction projects as aggregate. The dominant uses have been as 
fill materials and in bituminous pavements. Over 125 million tons of tailings are produced 
annually by Minnesota’s iron mining industry (Oreskovich et al., 2007). The Natural Resources 
Research Institute (NRRI), University of Minnesota Duluth, has been involved in a multiple-
phase project to evaluate the quality and use of this material.   
 
When used as aggregate for bituminous pavements, the taconite tailings grains are encapsulated 
in the asphalt mix that separates the tailings from contact with water. As fill, taconite tailings can 
be in contact with water, intermittently, seasonally, or continuously. Do taconite tailings affect 
water quality? In an effort to evaluate this question, a compilation and review of existing 
groundwater and surface water chemistry associated with tailings in contact with water has been 
completed. We evaluate water quality by comparing existing water sample chemical analyses 
data to published State of Minnesota ground and surface water standards. 
 
Data utilized for this study include: Minnesota Department of Natural Resources (DNR) reports 
from 1989 and 1999, Minnesota Pollution Control Agency (MPCA), Keetac Pollutant Discharge 
Elimination System (NPDES) permit water sampling data from several mines, and previous 
investigations completed by the Natural Resources Research Institute (NRRI).    
 
Based on our review, the data from water quality and taconite tailings revealed the following 
findings: 
 

1. Most Minnesota water quality standards are met. The exceptions include arsenic, cobalt, 
iron, and manganese. Iron and manganese exceed secondary drinking water standards 
that are based on attributes of the water like taste, odor, and appearance, and not because 
of health risk issues. Arsenic and cobalt exceed the MPCA’s 2A chronic standard for 
surface waters of 2 ppb and 2.8 ppb, respectively. These elements do not exceed the 
drinking water standards or Class 7 surface water standards; 

2. Mercury is typically an environmental concern. Based on the NPDES data reviewed, the 
following information was noted. Chemical analyses completed on surface water 
collected at three of the mines had the following reported numbers: maximum value 7.24 
ng/L, minimum value 0.45 ng/L and a median value of 1 µg/L. Minimum and median 
reported mercury values meet the most stringent surface water standard, the Great Lakes 
Initiative, of 1.3 ng/L. Thirty-four water samples were analyzed for total mercury. A total 
of 678 NPDES water sample data were reviewed. DNR reports do not contain mercury 
data for water samples. Atmospheric mercury could add to the amount detected by 
chemical analyses in surface water samples; 

3. Iron formation contains arsenic, cobalt, manganese, and iron; 
4. Taconite tailings do contain arsenic, cobalt, manganese, and iron. Arsenic occurs at a 

minimum value of 8.8 mg/kg, maximum value of 39.4 mg/kg, and a median value of 17 
mg/kg. Cobalt occurs at a minimum value of 4.4 mg/kg, maximum value of 15.4 mg/kg, 
and a median value of 7.7 mg/kg. Manganese and iron were not reported as trace metals 
but were included in whole rock analyses; 

5. NRRI completed Toxicity Characterization Leaching procedure (TCLP) and Synthetic 
Precipitation Leaching Procedure (SPLP) chemical analyses on three samples of taconite 
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tailings. Results indicated that arsenic results ranged from < 2 μg/L to 4.3 µg/L, slightly 
above the surface water quality chronic standard of 2.0 µg/L for 2A waters; 

6. Further evaluation is recommended. Testing on taconite tailings samples, as well as other 
typical aggregates, should include physical and chemical parameters. Testing on samples 
of aggregate and water should be done to evaluate all sites by the same methods and 
current detection limits. Analytes should include: RCRA metals as well as cobalt.  
Additional testing should include grain size analyses and hydraulic conductivity; and 

7. Mechanisms for the potential release of metals into surface water by tailings are 
dependent on water characteristics such as pH, Eh, time, hydrology, and reduction 
(redox) potential. Therefore, it is site specific. Additional testing of leachate from 
taconite tailings is suggested using SPLP test methods and could include pH dependent 
leaching and liquid to solid (L/S) ratio dependent leaching as described by Jambeck and 
Greenwood (2007) and Kosson (2002). Data derived from these test methods may 
produce results more applicable to use of taconite tailings as fill material in contact with 
wet environments.   
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INTRODUCTION/BACKGROUND  
 The Biwabik Iron Formation (Fig. 1) in 
northeastern Minnesota is an iron-rich 
sedimentary rock body approximately 100 
miles long, up to 3 miles wide and 750 feet 
thick in some locations (Ojakangas et al., 
2004). It is composed of alternating layers of 
cherty and slaty rock and is mined for 
taconite, a low grade iron ore. Processing of 
this ore creates a waste by-product, taconite 
tailings. Locally, this mining district is 
referred to as the Mesabi Iron Range. It 
consists of six taconite mines that produce 
more tailings than can be utilized each year. 
Historically, the tailings have been 
dominantly used in road construction 
projects as aggregate for fill and bituminous 
pavement for over 40 years in at least 1,120 
miles of roadway in northeastern Minnesota 
(Oreskovich et al., 2007). Anticipation of 
future regional aggregate shortages due to 
increased demands, as well as reduced 
accessibility and resources, have promoted 
evaluation of this by-product as an untapped 

resource for areas beyond Minnesota’s Iron 
Range.  
 Taconite tailings exit the processing 
stream as dominantly sand size particles, 
although larger sizes are available. Typical 
uses for the -3/8 inch material are 
summarized in Figure 2. 
 Previous research programs have 
evaluated taconite tailings properties as an 
aggregate, historical use of tailings, and 
transportation logistics. Please refer to the 
NRRI website http://www.nrri.umn.edu/egg/ 
TACAGG/default.htm for information on 
these previous tailings studies. 
 In addition to the water setting, the 
mineralogy and chemistry of the minerals in 
the tailings and their water properties will 
influence the potential release of specific 
chemicals to surface water and/or 
groundwater. Therefore, data regarding the 
mineralogy and chemical composition of the 
rock of the Biwabik Iron Formation and 
tailings are included in this study. 
 

Figure 1. Minnesota’s Mesabi Iron Range and associated mines. The Biwabik Iron Formation is 
in red. 

http://www.nrri.umn.edu/egg//TACAGG/default.htm
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Figure 2. Road construction uses of coarse taconite tailings. 
 
 
 Taconite tailings have been commonly 
used as fill material in road construction 
projects in northeastern Minnesota for over 
40 years (Oreskovich et al., 2007). A 
reasonable hypothesis is to assume taconite 
tailings used as aggregate for fill will come 
into contact with water. The question is, 
“Can the presence of taconite tailings affect 
surface or groundwater quality?” This study 
evaluates existing data to document the 
quality of water in contact with taconite 
tailings. Three potential water/tailings inter-
actions are outlined and illustrated in Figure 
3. 
 
METHOD 
 Data were obtained for several of the 
taconite mining facilities located along 
Minnesota’s Iron Range from work 
published by the DNR Division of Land and 
Minerals as well as the MPCA NPDES 
permit file data. Water samples collected for 
both sources of data come from locations 
such as monitoring wells and seeps. Plant 
discharge samples and water recycled from 
the tailings basins were also reviewed. The 
DNR conducted laboratory studies in the 

late 1990s to evaluate water quality for in-
pit disposal of taconites tailings. These data 
are included. DNR reports also contain 
chemical analyses completed on rocks and 
tailings. A 2003 NRRI report also contained 
chemistry data on taconite tailings. 
 Water chemistry data were compiled 
into the following Excel spreadsheets: 
 
-MPCA_NPDES_PARAMENTERS _BY_ 
MINE_073108 

-DNR_TACONITE_TAILINGS_WATER_ 
QUALITY_DATA_091310 

 
Summary tables included in the text of this 
report were derived from these spreadsheets. 
 Once compiled, the chemical analyses 
data were compared to Minnesota 
Department of Health (MDH) drinking 
water standards, Minnesota surface water 
standards for the following waters: class 2A, 
2B, 2C, 2D, and 7 waters, and Great Lakes 
Initiative (GLI) Surface Water Standards to 
evaluate the quality of water that has been in 
contact with taconite tailings (Minnesota 
Rules Part 7050.0220). 
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Figure 3. Three scenarios for taconite tailings fill and water contact: 1) tailings in water 
(saturated) with little flow or variation in water depth, 2) tailings continually saturated by water 
but where flow exists, and 3) tailing experiencing alternating periods of dry and wet.   
 
 
 The MPCA Tier 1 Soil Leaching Values 
(SLVs) screening values for contaminated 
properties were applied to the rock and 
tailings chemistry data. These values are 
determined by the MPCA staff and are used 
to evaluate leaching potential of 
contaminants in soil–human exposure health 
risk. In this study the SLVs are used as a 
general, non-site specific method of 
evaluating the tailings. 
 
DESCRIPTION OF DATA/STUDIES 
 This study has relied on data from 
previous DNR investigations and MPCA 
NPDES permits. Figure 4 depicts the 
general locations where the data for the 
studies were collected. Names for some of 

the mine properties have changed through 
time. For consistency, the current name for 
each mine site is used in this report. The 
original data may contain historic names; 
therefore, a list of previous names that 
correspond to current names is included as a 
reference (Table 1). 
 No tailings are available for use from the 
Former LTV Steel (LTV) mine. However, 
data from LTV are included in this study 
because it is the easternmost mine for which 
there are data. In order to assess whether 
there are changes from east to west across 
the Mesabi Iron Range, these data are 
included. Tailings are not available from 
Northshore Mining. 
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Figure 4. Map of the Mesabi iron range with mine locations. The study data collection locations 
are displayed on the map. 
 
 
Table 1.  Mine property historic and current names. 

Historic names for mine properties: Current local names 
for mine properties 

Eveleth 
Eveleth Taconite (EVTAC) 
EVTAC 
EVTAC - Forbes 
United Taconite (UTAC) 

UTAC 

Hibbing Taconite (Hibtac) Hibtac 
Keewatin Taconite (Keetac) 
National Steel Pellet Company (NSPC) 
National 

Keetac 

Minntac 
USX Minntac 

ArcelorMittal 
ArcelorMittal-Minorca 
Mittal Steel 
Mittal 
Ispat ArcelorMittal Steel 
ArcelorMittal 

ArcelorMittal 

Northshore Mining (NSM) 
Reserve Mining Northshore 

Former LTV Steel Closed 
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DNR Data 
 In November 1989, the DNR produced 
the report Trace Metal Concentrations in 
Drainage from Iron Mining Waste by 
Lapakko and Wagner. This report was 
completed in response to the proposed 
regulations for groundwater associated with 
EPA Strawman Regulations. The authors 
used chemical analyses of pit dewatering 
discharges, drainage from stockpiles, 
tailings basins, and the rocks of the iron-
formation. These data are included in this 
study. Discharge water values from this 
report are not used due to the age of some of 
the data and most of the data came from 
mines that are no longer in operation.  
 Two DNR reports were completed in 
1999 regarding taconite tailings and water 
quality. In-Pit Disposal of Taconite 
Tailings: Geochemistry Final Report was 
completed by Berndt, Lapakko, and Jakel 
and In-Pit Disposal of Taconite Tailings: 
The Snively Pit at US Steel-Minntac, 
Mountain Iron, MN by Jackel and Lapakko. 
The University of Minnesota and the DNR 
worked together for three years on both 
projects and evaluated the potential effects 
of disposal of tailings into mine pits on 
groundwater. Based on previous work, 
analytes of particular concern in both 
projects were arsenic, boron, fluoride, 
manganese, and molybdenum. However, 
chemical analyses included over 40 
parameters. 
 Berndt et al. (1999) used water data 
collected from municipal wells, tailings 
basins, seeps, and monitoring wells at 
several locations across the Mesabi Iron 
Range. Laboratory experiments were also 
conducted to simulate and evaluate water 
quality associated with three water/tailings 
contact situations: process water, rainwater, 
and groundwater. Samples of iron-formation 
and tailings were also analyzed. Three 
mining facilities participated in the study 
and included Keetac, ArcelorMittal, and the

former LTV. Data from a concurrent study 
at the U.S. Steel’s Snively Pit was also 
included in this report.   
 The Snively Pit at the Minntac mine 
provided an opportunity to evaluate how 
placing taconite tailings into an existing 
mine pit over an eight-year period impacted 
groundwater quality. At the time that sample 
collection occurred, tailings had been in the 
pit for about 16 years. Water samples were 
collected from: a) a monitoring well 
(MW#1) installed in Snively pit; b) sump #2 
that receives surface runoff; c) 
precipitations; and d) sump #10. A 
composite tailings sample was collected 
from the borehole for monitoring well 
MW#1 and analyzed for chemical and 
physical properties (Jakel and Lappako, 
1999).   
 
MPCA NPDES Data 
 Mr. Jeff Udd, MPCA, provided NRRI 
with NPDES permit water sampling results 
for the following iron mines: ArcelorMittal- 
Minorca, Keewatin Taconite, Hibbing 
Taconite, and United Taconite. Locally, 
these mines are commonly referred to as 
Mittal, Keetac, Hibtac, and Utac. NPDES 
permit water sampling has been conducted 
at the iron mines since the late 1970s.  
Current water sampling parameters and 
chemical analyses have been tailored for 
each mining site based on past analyses 
results as well as characteristics specific to 
each mine. Table 2 presents the analyses 
required at each property at this time. 
 
NRRI Data 
 Zanko et al. (2003) included data from 
chemical analyses of coarse tailings 
samples. Whole rock and trace element 
analyses were completed on tailings from 
five taconite mining operations including 
Utac, Hibtac, Minntac, ArcelorMittal, and 
Keetac. 
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Table 2. Analytical Parameters by Mine Location – NPDES Data. 

Analyte Units Arcelor 
Mittal Keetac Hibtac Utac 

Arsenic µg/L X    
Boron, total as B µg/L X    
Cadmium, total as Cd µg/L X    
Chloride, total as Cl µg/L X    
Chromium, total as Cr µg/L X    
Cobalt, total as Co µg/L X   X 
Copper, total as Cu µg/L X    
Fluoride, total as F ??  X X X 
Iron, dissolved as Fe mg/L X    
Lead, total as Pb µg/L X    
Mercury, total as Hg ng/L X X  X 
Molybdenum, total Mo µg/L X    
Nickel, total as Ni µg/L X    
Phosphorous, total as P mg/L    X 
Sulfate, total as SO4 mg/L  X X X 
Zinc, total as Zn µg/L X    
Nitrite plus Nitrate, total as N mg/L  X   
Oil and Grease, total recoverable mg/L   X  
Hardness, calcium & magnesium, 
calculated as CaCO3 

mg/L X    

pH SU X X X X 
Total Suspended Solids (TSS) mg/L X X X X 
Specific Conductance umh/cm X X X X 
Turbidity NTU X  X  

 
 
Water Sample Type/Data Location  
 Water samples were collected from a 
number of types of settings for both the 
DNR studies and the NPDES permit 
monitoring. Table 3 indicates the study, 
mine location and types of sampling for 
each project. Figure 5 provides the same 
information on a map. 

 Water chemistry classified as tailings 
basin water came from Jakel and Lappako’s 
(1999) Table A1.1 for mine pit dewatering 
discharge and Berndt’s Tailings Basin 
Reclaim data in Appendix V.  Reclaim data 
represents water returning to the plant for 
use from the tailings basin. Tailings 
Discharge Pipe water data was also used.   
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Table 3. Study and types of sampling points. 

Study Mine 

Wells 
(monitoring 
wells MW or 

municipal 
wells MU) 

Stockpile 
Runoff Seeps Tailings 

Basins Laboratory Other 

1999 Berndt Keetac X-MW      
1999 Berndt ArcelorMittal X-MW  X    
1999 Berndt Former LTV   X    
1999 Berndt Laboratory     X  
1999 Berndt Municipalities X-MU      
1999 Jakel Minntac X-MW X  X   
1989 Lapakko Former LTV  X     
1989 Lapakko Utac    X   
1989 Lapakko Minntac    X   
1989 Lapakko ArcelorMittal    X   
NPDES Keetac      X 
NPDES Utac   X   X 
NPDES Hibtac      X 
NPDES ArcelorMittal X-MW  X   X 

 
 

 
Figure 5. Types of water samples collected from each mine property for this data review. 
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MINNESOTA REGULATORY 
STANDARDS 
 In order to assess the potential 
environmental concerns that could be 
associated with tailings placed in water, a set 
of regulatory values needed to be used. 
Minnesota regulatory standards from the 
risk-based assessment documents that are 
typically used to evaluate and determine 
clean-up methods for contaminated sites 
were utilized for this study. Specifically, 
Tier 1 soil leaching values were used to 
evaluate the chemical analyses results for 
tailings. Drinking water and surface water 
standards were used for water sample 
results. Since the EPA standards are the 
minimum requirements that all states must 
use, it is assumed that the Minnesota 
regulatory standards at least reflect that 
minimum. It is assumed that users of 
taconite tailings may have their own 
regulatory standards. 
 
Soil Leaching Values (SLVs) 
 The MPCA has developed Tier 1 Soil 
Leaching Values that are based on 
contaminants and generic soil properties to 
evaluate at what level a contaminant may 
leach from a soil and not present an 
unacceptable risk to groundwater and human 

health. These numbers were designed as a 
preliminary screening tool to evaluate 
contaminated sites and are not site specific. 
Chemicals that do not exceed the Tier 1 
SLVs do not warrant further study. SLVs are 
applied to chemical analyses results from 
taconite tailings and rock testing as a general 
screening tool. 
 
Drinking Water Standards 
 Drinking water standards were obtained 
from Minnesota Surface Water Quality 
Standards in the MPCA Surface Water 
Standards’ tables 9 and 11 and are referred 
to as Class 1B Drinking Water in these 
tables. The standards used in these tables 
include values that are Maximum 
Contaminant Levels (MCLs), Health Risk 
Limits (HRLs), or Health Based Values 
(MPCA, Table 9). The drinking water 
standards are used as a comparison for all of 
tailing-water sample chemical analyses 
results.   
 
Surface Water Standards 
 Minnesota has seven classes of surface 
water standards that are based on the type of 
water use.  The classes as defined in the 
MPCA (2006): 
 
 

1 – drinking 
2 – aquatic life, recreation, and habitat 
3 – industry 
4 - agriculture 

5 – navigation and aesthetics 
7 – limited use 
6 – other uses not listed in items 1 thru 5 and 7 
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 Minnesota Surface Water Quality 
Standards used to assess water chemistry 
results compiled in this study include Class 
2 and Class 7 waters. Water bodies can be in 
more that one class. 
 The majority of the water bodies in 
Minnesota are considered Class 2 waters 
that are defined as used for “Aquatic Life 
and Recreation: Waters which do or may 
support fish, other aquatic life, bathing, 
boating, or other recreational purposes, and 
where quality control is or may be necessary 
to protect aquatic or terrestrial life or their 
habitats, or the public health, safety, or 
welfare” (MPCA, 2006). Class 2 waters are 
further subdivided into 5 subgroups. These 
groups are determined by the following 
criteria: 1) is the water a protected drinking 
water source; 2) requirements for specific 
fish, other aquatic life and their associated 
habitat; and 3) protected aquatic recreations 
uses (see Table 3, p 20, MPCA, 2006). Class 
2A and 2Bd are protective of drinking water. 
Class 2B, 2C, and 2D are not protective. 
Tailings water sample data collected for this 
study are compared to Class 2A, 2B, 2C, 
and 2D standards.  
 In addition to the classes of surface 
water listed above, values are calculated for 
Chronic Standards, Maximum Standards, 
and Final Acute Values (MPCA, 2006?). 
The Chronic Standard is the level of a 
contaminant that an aquatic organism can 
tolerate without chronic toxic effects.  
Maximum Standard is the highest quantity 
of a pollutant that an organism can be 
exposed to for a brief time with “zero to 
slight mortality” (MCPA, 2006). Final acute 
values are defined as the concentration of a 
pollutant high enough at a discharge point to 
cause death in less than 96 hours. 
 Surface water 2A and 2B CS and MS 
standards for cadmium, chromium 3+, 
copper, lead, nickel, silver, and zinc are 
dependent on the water hardness and must 
be calculated for specific sites. Water 
hardness data were included in the MPCA 
NPDES results for ArcelorMittal mine. The 

minimum value of 246 mg/L is used to 
calculate the metals standards. Hardness 
values cannot exceed 400 mg/L for these 
calculations. Since the maximum hardness 
value from NPDES results is 516 mg/L, 
calculations were also completed using the 
400 mg/L value.    
 Road side ditches, depending on their 
location, could be considered Class 7 waters. 

“Each Class 7 water body has been 
individually assessed and the change 
from Class 2 to Class 7 adopted into 
Minn. R. 7050.0470. Most Class 7 
waters are headwater streams or 
channelized ditches that provide 
poor aquatic habitat due to low 
flows and/or channel alterations. 
Class 7 reaches range from less than 
one to about 20 miles in length, and 
all together make up about one 
percent (~ 900-950 miles) of 
Minnesota’s 92,000 miles of rivers 
and streams.” From MPCA Water 
Quality Standards web page 
(http://www.pca.state.mn.us/water/st
andards/index.html). 

   
Great Lakes Initiative Wildlife Values for 
the Lake Superior Watershed (GLI) 

 Waters that are part of the Lake Superior 
Basin, waters that can contribute to the 
water quality of Lake Superior, are included 
in the GLI. These standards are included 
with the Minnesota Surface Water Quality 
Standards and are described as follows in 
the MPCA documentation.   

“Any numbers in the GLI Wildlife 
column are standards if they are 
being evaluated for the Lake 
Superior Basin. There are standards 
for mercury, PCBs, 2, 3, 7, 8-
tetrachlorodibenzo-p-dioxin, and 
DDT. These numbers were 
promulgated as Minn. R. ch. 7052, 
for highly bioaccumulative 
contaminants.” (p. 33, MPCA, 
2006).    
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The GLI standard for mercury is used in this 
study.   
 
DATA RESULTS AND SUMMARY 
Data – Rocks 
 Potential metals available to interact 
with water are dependent on mineralogy and 
chemical composition of both the iron-
formation and tailings. The information 
provided below contains published data 
regarding rocks, minerals, and chemistry. 
  
Biwabik Iron Formation  

 Trace metals analyses results were 
included in the 1989 Lapakko report. The 

data had been obtained from the 1985 
Minnesota Geological Survey circular 22. 
Samples of drill core were collected from 
depths of 800 to 2013 feet for whole rock 
and trace element analyses. Boreholes were 
located east to west across the Mesabi Iron 
Range. Test methods for these analyses 
included “inductively coupled plasma-
atomic emissions spectrometer methods and 
in the case of gold (Au) a HGA-atomic 
absorption graphite furnace” (Morey et al., 
1985). Results of these analyses are 
presented in Table 4 and are naturally 
occurring in the rock. Approximate locations 
of the boreholes are presented on Figure 6. 

 
 
 
Table 4. Trace metals concentrations in the Biwabik Iron Formation reported in parts per million 
(ppm). 

 

Analyte Minimum 
mg/kg 

Maximum 
mg/kg 

MPCA Tier 1 SLVs 
  mg/kg 

Silver, Ag <0.045 0.535 2.5 
Arsenic, As 4.783 40.37 14.6 
Gold, Au 0.0011 0.0035 nl 
Copper, Cu 5.325 65.72 NA 
Mercury, Hg <0.467 2.226 1.0 

(as mercury chloride) 
Molybdenum, Mo 0.7635 8.095 30.0 
Lead, Pb <0.943 43.80 525 
Antimony, Sb <0.903 2.837 2.7 
Thallium, Tl <0.093 1.777 0.4 
Zinc, Zn 6.295 244.5 1242 
Cobalt, Co <1 11 30 
nl = not listed,  NA = not available 
SLV = soil leaching value  
Data from Lappako (1989) Appendix 2 drill core chemistry data. Cobalt 

data obtained from Morey (1992) from boreholes 2, 5, and 7. 
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Figure 6.  Approximate locations for rock core and tailings sample collection. 
 
 
Tailings Mineralogy 

 Berndt’s (1999) report indicates that 
tailings were analyzed “chemically (ICP), 
mineralogically (X-ray diffraction, thermal 
gravitational analysis, heavy metal 
separation, scanning electron microscopy 
with energy dispersive detectors, and light 
microscopy), and physically (grain size 
analysis).” Additional tailing mineralogy 
data is available in Properties and 
Aggregate Potential of Coarse Taconite 
Tailings from Five Minnesota Taconite 
Operations (NRRI/TR-2003/44) by Zanko et 
al. (2003). It is available at 
http://www.nrri.umn.edu/egg/TACAGG/ 
tech.html. A summary of the minerals

identified in these studies and their chemical 
formulas are presented in Table 5. 
 
Tailings Chemistry 

 Whole rock and trace element analyses 
were completed on tailings samples. Three 
data sources for taconite tailings chemistry 
were reviewed: Berndt, 1999; Jakel, 1999; 
and Zanko, 2003. Analytical method for 
trace metals in taconite tailings were 
identified as: Berndt, 1999 – ICP method; 
Jakel, 1999 – no method specified in text; 
and Zanko, 2003 – no method specified.  
Eighteen samples were analyzed for all 
analytes unless noted otherwise in Table 6. 
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Table 5.  Taconite tailings mineralogy. 
 

Mineralogy Formula 
Magnetite Fe3O4 
Hematite Fe2O3 
Goethite FeO-OH 
Mn-Oxides  
Calcite CaCO3 
Siderite FeCO3 
Ankerite Ca(Fe++, Mg,Mn)(CO3)2 
Quartz SiO2 
Stilpnomelane K(Fe2+,Mg,Fe3+)8(Si,Al)12(O,OH)27 
Minnesotaite Fe3Si4O10(OH)2 
Talc Mg3Si4O10(OH) 2 
Cummingtonite Mg7Si8O22(OH) 2 
Fe-Hornblende Ca 2(Mg,Fe,Al)5(Si,Al)8O22(OH)2 
Greenalite Fe6Si4O10(OH) 8 
Chlorite (Mg,Fe)3(Si,Al) 4O10- OH 2- (Mg,Fe)3OH4 
Apatite Ca5(PO4)3(F,Cl,OH) 
Pyrite FeS 2 
  
Mineralogy of tailings used in DNR experiments. Mineral identifications 
are based on microscopy, heavy mineral separation, and SEM analysis. 
Data from: Berndt et al. (1999), Table 7 and Jakel et al. (1999), Table 4, 
and Zanko et al. (2003).  

 
 
Data - Water 
 As shown in Table 7, there were several 
different types of water samples collected.  
Some are from tailings basins, monitoring 
wells, experiments, and other types of 
locations. Results from the chemical 
analyses of water samples are presented 
below by type of location.  Data is presented 
as a summary with the minimum, maximum, 
and median quantities detected for each 
analyte. The regulatory numbers are 
included in the tables. The water class 
standard numbers in the following tables 
include: 1B Drinking Water; 2A Chronic; 
2A Maximum; 2B, C, and D Chronic; 2B, C, 
and D Maximum; 7 Limited Resource; GLI 
and Tier II Secondary Chronic standards.  
Tables containing the all of the original data 
are attached as Excel files on the DVD with 
this report. Discussion regarding the 

comparison is presented in the Discussion 
section in this report. 
 
Tailings Basin  
 Two types of water samples were 
collected from tailings basins at Keetac, 
ArcelorMittal and former LTV. According 
to Berndt (1999), samples were collected 
from the pipe that discharges a mix of 
tailings and water into the basin and from 
the recycled water that returned to the 
processing plant from the tailings basin.  
The recycled water sample data were used 
for this study. Eleven samples were 
collected from each mine site. Water 
samples were also collected from 
monitoring wells and seeps near or on the 
tailings basin but are discussed in other 
sections.
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Table 6.  Trace metals concentrations taconite tailings reported in parts per million (ppm). 
 

Analyte Minimum 
 mg/kg 

Maximum 
mg/kg 

Median 
mg/kg 

MPCA Tier 1 – SLV 
mg/kg 

Silver, Ag <0.1 <0.2 - 2.5 
Arsenic, As 8.8 39.4 17 14.6 
Barium, Ba 9 67 19.5 822 
Beryllium, Be (*) <0.5 0.5 0.5 NA 
Boron, B (*) <0.002 <20 - NA 
Cadmium <0.1 <0.5 - 3.0 
Chromium (*) 6 98 17.5 19.1 (Cr6) 
Cobalt 4.4 15.4 7.7 NA 
Copper, Cu 4 26.9 7.4 NA 
Manganese, Mn nr nr - NA 
Mercury, Hg 0.0000466 0.1 0.03 1.0 (as Mercuric Chloride) 
Nickel, Ni 1.9 7.3 3.05 65 
Lead, Pb 0.7 8.7 1.95 525 
Selenium, Se (*) <0.2 0.2 0.2 1.5 
Strontium, Sr 10.5 41 24.45 1930 
Antimony, Sb 0.10 0.80 0.1 2.7 
Thallium, Tl 0.1 <0.1 0.1 0.4 
Zinc, Zn 3 15 6.5 1242 
nl = not listed 
(*) = only four samples analyzed. 
SLV = soil leaching value Tier 1 values are not site specific. 
Data from Berndt, 1999, Jakel, 1999, Zanko, 2003 and represent the lowest and highest 

values for all mines included in the data sets. 
Parameters above a SLV (2005) are marked in bold. 
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Table 7. Reclaimed water summary of chemical analyses data.  
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Monitoring Well and Municipal Well Data 

 Monitoring well data was available from 
both the DNR studies and the NPDES 
permits. Five wells were sampled by the 
DNR and four wells were sampled for 
NPDES permits at the ArcelorMittal mine.  
Monitoring wells were located on or near 
the tailings basins. The number of DNR 
water samples included 9 from Keetac, 16 
from ArcelorMittal, and 6 from the Snively 
Pit tailings basin at Minntac. Each of the 4 
wells at ArcelorMittal had chemical 
analyses results for 22 samples. The results 
of the chemical analyses are presented in 
Table 8. 
 As mentioned above, municipal wells 
were sampled as part of the Berndt 1999 
investigation. These wells are located in 
“Calumet, Nashwauk, Keewatin, Hibbing, 
Buhl, Kinney, and Mountain Iron.” A total 
of 11 wells water samples were collected.  
Data from the chemical analyses are in 
Table 9. 
 
Seeps 

 Water samples were collected from 
seeps observed along the tailings basin walls 
at ArcelorMittal and LTV mines. Eight 
samples were collected from each location. 
 
Experiments  

 Berndt (1999) contains results from 
three types of laboratory experiments.  
These tests were conducted using process 
water and taconite tailings samples from 
Keetac, ArcelorMittal, and LTV mines. 
They were titled: Process water experiments, 
Groundwater injection experiments, and 
Rainwater infiltration experiments. Data 
from the groundwater and rainwater 
experiments were included in this study.  
 

Process Water Experiment 
 Two columns were filled with tailings 
from Keetac, ArcelorMittal, and the former 
LTV mines. Approximately one pore 
volume of fluid was introduced to the 
column. The column was covered with a 
dark plastic sheet and sampled periodically 
over 57 weeks. This experiment was 
completed to simulate reactions that occur 
when process waters are in contact with 
tailings. Table 11 summarizes the chemical 
analyses completed on nine water samples 
from each column. 
 
Rainwater Experiment 
 Columns of taconite tailings from three 
different mines filled with deionized water 
to simulate rainwater infiltration. The flow 
was varied in the column to simulate flow of 
rainwater through a tailings basin. A 
sampling valve was located at the base of 
the column and nine samples were collected 
from each column. The experiment ran for 
80 weeks. Chemical analyses data are 
summarized in Table 12. 
 
Groundwater Experiment 
 Three of the tailings columns from the 
process water experiments were utilized for 
the groundwater experiment. Groundwater 
was collected in a manner that reduced the 
introduction of oxygen from a Keewatin 
municipal well. This water was used due to 
its water quality characteristics. Injecting the 
water into the column of tailings took 
several weeks. The experiment was 
conducted over 30 weeks with samples 
approximately 4 to 5 weeks apart. A total of 
10 water samples were collected from each 
of the columns for chemical analyses. The 
results are presented in Table 13. 
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Table 8. Monitoring well summary of water chemical analyses data.  
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Table 9. Municipal well water summary of chemical analyses data. 
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Table 10. Seeps water summary of chemical analyses data. 
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Table 11. Process water experiment summary of chemical analyses data.  
 



20 

Table 12. Process water experiment summary of chemical analyses data. 
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Table 13. Groundwater experiment summary of chemical analyses data. 
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NRRI Chemical Analyses of Tailings 
 Samples of taconite tailings from three 
mines were submitted to Northeast 
Technical Service for chemical analyses by 
NRRI, including TCLP and SPLP. Chemical 
analysis parameters included: arsenic, 

barium, cadmium, chromium, lead, mercury, 
selenium, and silver (RCRA metals), as well 
as cobalt. Tailings samples from Minntac, 
ArcelorMittal, and Hibtac were used. 
Results are presented in Table 14. 

 
 
Table 14. NRRI tailings TCLP and SPLP chemical analyses results given in µg/L. 
 

Metal Minntac 
TCLP 

Minntac 
SPLP 

ArcelorMittal
TCLP 

ArcelorMittal
SPLP 

Hibtac 
TCLP 

Hibtac 
SPLP 

Surface 
Water 

Standard 
2A-cs 

Arsenic <10 4.8 <10 2.3 <10 <2 2 
Barium 539 10.8 <40 <10 77.6 <10 NL 
Cadmium <20 <0.2 <20 <0.2 <20 <0.2 2.3 
Chromium <8 <2 <8 <2 <8 <2 NL 
Lead <40 <1 <40 <1 <40 <1 10 
Mercury <0.2 <0.2 <0.2 <1 <0.2 <0.2 0.0069 
Selenium <10 <2 <10 <0.2 <10 <2 5 
Silver <20 <1 <20 <2 <20 <1 0.12 
Cobalt 192 <2 32.4 <2 90.6 <2 2.8 
 
 
DISCUSSION  
Water Data - General 
 When the maximum results for the water 
sample chemical analyses are compared to 
the Minnesota water standards, a common 
set of metals–arsenic, cobalt, iron and 
manganese–appeared to exceed one of two 
water standards, regardless of the type of 
water sample. The exceptions were the 
samples collected from municipal wells.  
Common elevated levels of these metals are 
summarized in Table 15 by water sample 
type with the mine names included. 
 Aluminum, barium, fluorite, and lithium 
were detected above surface water standards 
only in the reclaimed water. This type of 
water was process water that has been

discharged into the tailings basin and then 
reclaimed from the tailings basin (recycled) 
back to the processing plant. Barium and 
lithium exceeded the Tier II Secondary 
Chronic Values of 4 ppb that is an 
ecological screening number for the Great 
Lakes System, and not an enforceable 
standard. Fluoride exceeds the secondary 
drinking water standard that is a standard for 
characteristics such as smell, taste, and 
color, and not a standard associated with 
human health. Aluminum detected at 
ArcelorMittal and the former LTV were 
above several standards. 
 Please keep in mind that the regulatory 
values applied to the NPDES results were 
tailored to each mine using site-specific 
information and historical data.  
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Table 15. Water standards and common elevated metals values. 
 

Type of sample Arsenic
µg/L 

Cobalt 
µg/L 

Iron 
µg/L 

Manganese 
µg/L Mine 

GW Experiment 1.6 4.6 282 874 Keetac 
GW Experiment 3.4 4.1 531 758 ArcelorMittal 
GW Experiment 1.7 1.3 287 418 Former LTV 
Rainwater Experiments 3.5 2 171 264 Keetac 
Rainwater Experiments 7.2 1.2 1260 342 ArcelorMittal 
Rainwater Experiments 1 2.8 1450 296 Former LTV 
Process Water Experiment 5.3 0.5 377 1390 Keetac 
Process Water Experiment 11.5 1.1 383 698 ArcelorMittal 
Process Water Experiment 5.9 1.7 283 388 Former LTV 
DNR Seeps 1.1 4.5 330.7 0.5 ArcelorMittal 
DNR Seeps 6.1 5.1 over over Former LTV 
Monitoring Wells 0.51 0.9 24.7 100.5 Keetac 
Monitoring Wells 8.1 4.1 over over ArcelorMittal 

Monitoring Wells 4.8 3.6 474 over Snively Pit 
Minntac 

NPDES Monitoring Wells 9.9 na na 2760 ArcelorMittal 
Reclaimed 2.5 0.9 25.1 120.6 Keetac 
Reclaimed 7.4 0.5 27.5 76 ArcelorMittal 
Reclaimed 21.9 0.6 182 79.9 Former LTV 

Type of Standard 
Surface 
Water 
2A-cs 

Surface 
Water 
2A-cs 

Secondary 
Drinking 

Water 

Secondary 
Drinking 

Water 
 

Standard Value 2.0 
µg/L 

2.8 
µg/L 300 µg/L 50 µg/L 

 
 
 
Municipal Well Data 
 Eleven municipal well water samples 
were collected for the Berndt (1999) study. 
Results of these chemical analyses indicated 
that the maximum manganese concentration 
was 690 µg/L and the median was 90 µg/L, 
both above the secondary drinking water 
standard of 50 µg/L. The value of 690 µg/L 
(0.69 mg/l) was obtained from the #1 
Keewatin well, and a value of 280 µg/L 
(0.28 mg/L) was obtained from Keewatin 
well #2. Water used for the DNR 
groundwater lab experiment came from 
Keewatin. 
 
Previous Studies Metals of Concern 
 Water samples chemical analyses from 
Berndt’s (1999) study were compared to 

MCL and HRL drinking water standards. 
Trace elements manganese, fluoride, 
molybdenum, arsenic, and barium were 
identified as potentially of concern to 
regulatory agencies. In his summary he 
stated, “The highest levels of F, Mo, and As 
are found in raw process water, while the 
highest levels of Mn and B are found in 
tailings pore fluids.” Common metals 
identified by Berndt’s study and the NRRI 
review are arsenic and manganese. Using 
current water quality standards, arsenic and 
cobalt appeared to be the metals of potential 
concern. 
 
Arsenic and Cobalt 
 Based on all data reviewed, arsenic and 
cobalt can exceed the Minnesota 2A surface 
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water standard. The mineralogy of the 
tailings and the associated chemical 
composition of those minerals do not 
indicate an obvious source for these two 
metals. It is likely that very minor amounts 
of sulfide minerals may exist in the iron-
formation due to influences from nearby 
intrusive rocks and metamorphism. Is the 
concentration of arsenic and/or cobalt 
restricted stratigraphically? If so, aggregate 

might be selected from the best non-sulfice 
bearing unit(s). The Biwabik Iron Formation 
is divided into four major stratigraphic units:  
Upper Slaty, Upper Cherty, Lower Slaty, 
and Lower Cherty. In his paper, Morey 
(1992) presented the trace metals 
concentrations of the iron-formation by unit. 
A summary of the arsenic and cobalt data is 
presented in Table 16. 

 
 
Table 16. Arsenic and cobalt concentrations in the Biwabik Iron Formation by stratigraphic unit 
in mg/kg. 
 

Unit & Metal Average Minimum Maximum 
Upper Slaty - Co 14 <1 20 
Upper Slaty - As 12 <3 22 
Upper Cherty - Co 12 2 20 
Upper Cherty - As 16 <3 40 
Lower Slaty - Co 16 10 26 
Lower Slaty - As <3 <3 39 
Lower Cherty - Co 10 2 19 
Lower Cherty - As 14 <3 17 
Data from Morey (1992) – Table 4 

 
 
 The concentrations of arsenic and cobalt 
do not appear to be restricted 
stratigraphically.   
 Chemical analyses of the tailings 
indicate that arsenic and cobalt are present 
in taconite tailing samples collected from 
across the Mesabi Iron Range, as seen in 
Figure 7. Tailings are not available for use 
or study from the former LTV or Northshore 
Mining Company. Data associated with 
these locations were obtained from 
published reports by the DNR. 
 A possible mechanism for the 
occurrence of arsenic could be related to 
chemical reactions in the tailings basins.  
Berndt (1999) indicates that the arsenic in 
the water of the tailings basin can absorb 
onto iron oxides in the taconite tailings 
during ore processing. He also states that

arsenic “is probably derived from grinding 
and oxidation of trace sulfide minerals.” No 
mention regarding cobalt source and/or 
adsorption was made in this report. 
 Results of water sample arsenic analysis 
are compared to the mine location in Figure 
8. 
 The mines are located in the following 
order from east to west: LTV, ArcelorMittal, 
Minntac, Hibtac, and Keetac. Iron-formation  
on the eastern end of the Mesabi Iron Range 
has been influenced by metamorphism that 
altered mineralogy. There does not appear to 
be a correlation between arsenic content and 
the east west location of a mine.  
 The graphs in Figure 9 compare the 
cobalt results by the mine. Minnesota 2A 
surface water standard for Cobalt is 2.8 
µg/L.  
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Arsenic and Cobalt Concentrations
in Taconite Tailings
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Figure 7. Arsenic and cobalt concentrations in taconite tailings are reported in mg/kg and by 
mine location. The SLV for As is 14.6 mg/kg and Co is 30 mg/kg. 
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Figure 8. The maximum and median chemical analysis results for arsenic are compared to the 
mines. Minnesota 2A surface water standard for arsenic is 2 µg/L and the Class 7 standard is 360 
µg/L. 
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Cobalt in Water
all sample types
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Figure 9. Chemical analysis for cobalt water sample results are summarized and plotted with the 
mine name. The 2A surface water standard for cobalt is 2.8 µg/L and the Class 7 standard is 436 
µg/L. 
 
 
 When the LTV results are removed from 
consideration, the majority of the median 
cobalt results meet the 2.8 µg/L 2A surface 
water standard.   
 
Water Setting Conditions 
 Conversations with Mark Elliot (MPCA) 
and Rick Crum (NTS) have indicated that 
factors such as water quality characteristics, 
hydrology, and time can influence the 
potential release of metals from the tailings 
into the surrounding surface or groundwater. 
For example, Berndt (1999) states “neutral 
to mildly reducing conditions can elevate 
arsenic in certain environments.”  
 The ability of a metal to leach from the 
tailings into the water is dependant on the 
metal as well as the water’s characteristics.  
Rick Crum (pers. comm., 2008) indicated 

that pH, Eh, oxidation/ reduction potential of 
the environment where the tailings are 
placed and time are the components that 
would influence the release of metals from 
the taconite tailings (a rock). Data regarding 
some water conditions were contained in the 
studies used for this report. Different types 
of data were available depending on the 
study and type of water sample being 
collected. The pH values for the water 
samples for the DNR data range from 6.72 
to 8.43. NPDES pH data is reported in 
several different ways and with different 
permit limits. For instant maximum readings 
(disregarding the permit limits), the high 
readings ranged from 8.4 to 8.9. A summary 
of the values is presented in Table 17 by 
water sample type. 
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Table 17. pH ranges by type of water sample. 
 

 
MW DNR Seeps 

Lab-
Process 
Water 

Lab - 
Rainwater

Lab-
Groundwater NPDES

Minimum pH 6.72 6.75 7.55 7.46 7.0 6.18 
Maximum pH 8.16 7.83 8.43 8.57 8.38 8.9 
Median pH 7.18 7.3 7.99 7.92 7.89 8.1 
 
 
Other - Mercury a Metal Typically of 
Concern 
 Data reviewed for this study contained 
some mercury analyses of water samples, 
but the quantity of samples was much less 
than for other metals. NPDES data 
contained mercury sampling results from 
ArcelorMittal, Keetac, and Utac mines.   
 Samples were collected atArcelorMittal 
from the tailings basin discharge and from 
seeps. According to the MPCA NPDES 
data, no samples have been collected for 
mercury analysis since 2005. Seep sample 
results were last reported in January 2008.  
Historically, samples have been collected in 
January, April, July, and October. Mercury 
analysis results ranged from 0.45 ng/L to 
7.24 µg/L. The higher values occurred in 
2002 and have otherwise been 1.8 µg/L or 
less. 
 Keetac collected water samples for 
mercury analysis from weir outfalls twice in 
the data set we were provided. Sample 
results ranged form <0.2 ng/L to 2.2 ng/L.   
 Seep outfall water was sampled at Utac 
for mercury analysis. The last results were 
reported for December, 2007. Mercury 
concentrations range from <0.2ng/L to 1.6 
ng/L. 
 No mercury analysis results for water 
samples were included in the DNR reports.   
 Mercury concentrations detected in the 
iron mine tailings basin waters may have 
come from precipitation. Berndt (2003) 
states that mercury in precipitation tends to 
be higher than in many Minnesota water 
bodies. Berndt’s evaluation suggests that 
precipitation contributes about 12 ng/L of 

mercury per year. Berndt (1999) also noted 
“reaction of water with tailings does not 
result in an increase in the concentration of 
mercury and may, in fact, result in a 
decrease.” This observation has encouraged 
a local company to explore the possibility of 
using taconite tailings for a mercury filter 
for water.   
 
NRRI Tailings Analyses 
 TCLP and SPLP analyses were 
completed on three tailings samples. TCLP 
tests methods were designed to provide 
worst case results when evaluating metals in 
landfills. It is typically used to identify 
hazardous wastes. SPLP test methods 
consider the geographic location of the 
material (east or west of the Mississippi 
River) and use a specific extraction method 
designed for that location. This method is 
used to evaluate the leaching potential of 
metals into groundwater and surface water 
by infiltration of rainwater. NRRI has used 
these tests to take a quick look at two 
different scenarios. The pH used for TCLP 
analysis is around 2 and 4 for the SPLP 
analysis for east of the Mississippi River. 
 Based on the TCLP testing done by 
NRRI, taconite tailings are not a hazardous 
waste. The SPLP results indicate the 
following. Arsenic ranged from <2 µg/L to 
4.3 µg/L and, the surface water 2A cs 
standard is 2 µg/L. Cobalt results were 
reported to be < 2 µg/L for all samples, 
below the surface water standard 2A cs of 
2.8 µg/L. The arsenic results are well below 
the drinking water standard of 50 µg/L and 
well below the 2A ms standard of 360 µg/L. 
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While some of the arsenic values exceed the 
2A cs surface water standards, they are very 
close to the class 2A cs water regulatory 
value. The analytical result from one grab 
sample from each of the three of the mines 
also is not necessarily representative or 
conclusive.   
 
CONCLUSIONS AND 
RECOMMENDATIONS 
 Taconite tailings used as aggregate for 
bituminous pavement becomes encapsulated 
in the asphalt mix and are protected from 
contact with water. Water quality concerns 
associated with the tailings used for this 
application would be expected to be 
minimal. 
 Metals associated with taconite tailings 
that are placed as fill in a wet environment 
that can be of concern include arsenic, 
cobalt, manganese, and iron. Secondary 
drinking water standards are exceeded by 
manganese and iron. This standard is not a 
health risk standard. Arsenic and cobalt 
were observed to exceed the Minnesota 2A 
surface water standard but did not exceed 
the drinking water standard. The 2A 
standard is protective of water bodies that 
can be a drinking water source, recreation 
uses, and fish or other aquatic life and their 
habitat. It is likely that most roadside ditches 
adjacent to roads where tailings could be 
used as fill could be considered Class 7 
(limited resource) waters. The Class 7 
surface water standard for arsenic is 360 
µg/L and cobalt is 436 µg/L. These water 
quality standards for arsenic and cobalt are 
two orders of magnitude greater than the 
taconite tailings values just reported. 
 If taconite tailings are to be utilized as 
fill in a variety of wet environments in areas 
of Minnesota and other parts of the country, 
testing a variety of conditions would prove 
useful. 
 TCLP chemical analyses were created to 
evaluate materials to determine if they are 
considered a hazardous waste and may not 
be the best method of evaluating taconite 

tailing leaching potential. SPLP analyses 
were developed to assess materials exposed 
to rainwater. In order to evaluate mine waste 
for leaching potential, Jambeck (2007) 
utilized pH dependent leach tests and 
liquid/solid ratio dependent leach tests for 
samples of mine waste rock from the 
TriState Mining District in Missouri, 
Oklahoma, and Kansas. It was her opinion 
that this style of testing would better reflect 
the leaching potential of a material in a 
variety of conditions. Jambeck (2007) used 
the following methods from University of 
New Hampshire laboratories:  pH dependent 
leaching – Kosson et al. (2002) A.2.SR002.1 
and L/S dependent leaching – Kosson et al. 
(2002), A.3.SR003.1. A current NRRI 
project supported by FHWA is using the 
Kosson method in an assessment of tailings 
used in -4.75 mm thin-lift asphalt mixes 
 The overall results for tailings in contact 
with water and the comparison of results to 
standards suggest the following additional 
study:  collection of tailings samples from 
several taconite mine locations, as well as 
other typical aggregate material for chemical 
and physical testing. Evaluation of the liquid 
to solid (L/S) ratio dependent leachate 
analysis and pH dependant leachate testing 
is recommended. Leachate analytical 
methods should include SPLP analyses and 
possibly L/S ratio dependant leachate and 
pH dependent leachate testing. Grain size 
analyses should be completed on the 
samples. It addition, the permeability and 
hydraulic conductivity testing should be 
done on these same samples.  
Recommended testing of tailings/water 
samples should use modern chemical 
analyses methods and detection limits.  
Analytes should include RCRA metals and 
cobalt. Total metals analyses should also be 
completed on the tailings for select metals, 
as well as evaluation of the physical 
properties of the samples.  
 Several items need to be kept in mind 
while considering the results of this study.  
Some of the standards used for comparison 
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purposes in this report are Minnesota’s 
standards, not EPA standards. SLVs were 
designed for soils at contaminated sites, and 
some are not specific to site conditions. The 
regulatory values applied to the NPDES 
results are tailored to the mine using site-
specific information and historic data by the 
MPCA. Again, this study assumes that the 
taconite tailings would be placed as fill and 
not as aggregate as part of the asphalt mix 
for a bituminous pavement or as aggregate 
in portland cement concrete.     
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