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TO: Kevin Baker, Twin Metals Minnesota 

 

CC: Anne Williamson, Twin Metals Minnesota 

 

FR: David Donohue, Foth Infrastructure & Environment, LLC 

            Steve Donohue, Foth Infrastructure & Environment, LLC 

 

RE: Lack of Hydrologic Basis for BLM and USFS Decision to Reject Renewal of Twin 

Metals Minnesota's Mineral Leases and Potentially Withdraw Federal Minerals in the 

Rainy River Watershed 

 

Summary and Key Findings 

This document reviews the Bureau of Land Management (BLM) and United States Forest 

Service (USFS) decision to propose withdrawal of federal minerals from within the Rainy 

River Watershed.  The BLM/USFS decision rests on an assumption that there is a hydrologic 

pathway for constituent migration from the TMM leases to the Rainy River Watershed and 

Boundary Waters Canoe Area (BWCA Wilderness).  The key findings included in this 

document are as follows: 

 

 The BLM/USFS decision does not rely on any site-specific data for hydrologic 

characterization that meets scientific, industry, or regulatory standards for site 

characterization. 

 

 The BLM/USFS decision does not rely on any site-specific hydrologic model analysis 

that meets scientific, industry, or regulatory standards for model construction, 

calibration, sensitivity analysis or predictive analysis as is routinely required by 

regulatory agencies. 

 

 The BLM/USFS decision disregards what resources will be mined, how they will be 

mined, where important facilities will be located, how those facilities will be 

engineered, how those facilities will be monitored and maintained, and how the 

operation will be closed. 

 01/19/2022
MiningMinnesota

EXHIBIT 2



 

PW_IE\Documents\Clients\Twin Metals MN\0016T777.01\5000 Client Correspondence\Rainy River\M-Hydrologic Basis for 
Decision.docx 2 

 The only published hydrologic analysis of potential impacts from the TMM leases is 

from the Journal of Hydrology (Myers, 2016) and does not meet scientific, industry, 

or regulatory standards.  To the degree that this paper influenced BLM/USFS 

thinking, the work product rests on no site-specific data, does not meet standards for 

model construction and analysis, does not reflect an engineered mine plan and 

engineering controls, assumes development of multiple mineral resources, and fails to 

consider important locational features. 

 

 TMMs hydrologic data collection program is currently underway and the data has 

been submitted to the BLM.  This data indicates that there is no or minimal potential 

for a hydrologic pathway from the mine to surface waters in the Rainy River 

Watershed. 

 

 Based on the above, the BLM/USFS decision is deficient in that it ignores TMM’s 

data and is not based on a demonstrable hydrologic pathway for impacting water 

quality in the Rainy River Watershed. 

 

 The USFS citation of the number of mines impacting waterways on USFS managed 

land refers to legacy mining operations prior to the advent of modern mining and 

regulatory programs.  Furthermore, the citation that 8,000 to 16,000 kilometers (km) 

of streams are impaired from these operations is not substantiated.  Moreover, both 

the BLM and USFS ignore the fact that they have permitted, since 1990, over 3,000 

new hardrock mines and none of them have been placed on the Comprehensive 

Environmental Response, Compensation and Liability Act (CERCLA) National 

Priorities List. 

 

 In the absence of site-specific hydrologic characterization data, a hydrologic model 

developed in accordance with accepted industry standards and the incorporation of an 

actual mine plan, it is not possible to conclude that there is or is not a pathway for 

migration of constituents of concern into the BWCA Wilderness and impairment of 

those waters.  Absent these industry-standard and agency-required practices and 

information, no scientifically defensible conclusions of can be drawn about any 

aspect of Project impacts, to water resources or any other component of the natural 

environment or human and socio-economic concerns. 

 

Background 

On December 15, 2016, BLM and USFS announced the initiation of steps to withdraw 

mineral leases in the Rainy River watershed.  The announcement referenced concerns 

presented in the USFS letter denying consent to renewal of the TMM leases.  The USFS 

letter cited “grave concerns” that development of copper sulfide-ore in the Rainy River 

Watershed risks seriously impairing the water quality and ecosystem of the BWCA 

Wilderness. 

 

In their December 14, 2016 letter to the BLM, the USFS cited a number of concerns with 

respect to renewal of the mineral leases.  These concerns include acid mine drainage (AMD), 

leaching of metals, and hydrologic migration of liberated constituents of concern into water 

resources that flow into the BWCA.  In essence, the USFS’s concern is that the mining of 
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sulfide ores will lead to the migration of metals and acid into water resources that flow into 

the BWCA Wilderness.  Specific claims made by the USFS to substantiate their concern 

include: 

 

 Oxidation of sulfide minerals creating sulfuric acid and leaching of metals. 

 

 Citation of the number of mines that exhibit AMD on lands managed by the USFS 

and waterways that have been impacted. 

 

 Water from the mine could potentially enter streams and lakes through wastewater 

treatment plant discharges, uncollected runoff and leakage, spills, accidents, tailings 

dam failures, water collection and treatment operation failures, and post-closure 

failures. 

 

 A direct flow of water from lands subject to TMM’s leases to the BWCA Wilderness. 

 

 USFS belief that TMM’s plan will involve development of four delineated ore bodies, 

all of which drain into the BWCA Wilderness. 

 

 USFS belief that all of the waste rock and tailings to be managed at the surface will 

be located in the Rainy River Watershed and that all the materials will exhibit AMD 

and metal leaching thus creating a source and pathway for constituents of concern to 

enter the waters flowing into the BWCA Wilderness. 

 

Nowhere in the December 14, 2016 letter to the BLM does the USFS cite specific data or 

analysis that:  1) demonstrates AMD will occur with the materials that could be mined by 

TMM, or 2) demonstrates a pathway for migration of metals and constituents of concern 

from TMM facilities to waters flowing into the BWCA Wilderness.  The BLM/USFS 

decision to propose withdrawal of federal minerals is premised, in part, on assumptions with 

respect to AMD and migration pathways to waters that flow into the BWCA Wilderness, and 

on assumptions regarding locations of Project facilities that are not consistent with current 

Project concepts.  This document establishes that with respect to potential migration 

pathways to waters flowing into the BWCA Wilderness, that the BLM/USFS opinion does 

not meet standards normally applied by regulatory agencies to affirm their decisions.  

Typically, regulatory agencies require rigorous hydrologic investigations, analyses, and 

models to assess important policy decisions associated with the potential for Project impacts.  

These hydrologic investigations, analyses, and models that properly incorporate potential 

mining features are not cited by the BLM/USFS and to our knowledge have not been 

developed.  Specifically, this document presents a summary of the following: 

 

 Standard of Care for Hydrologic Investigations, Analyses, and 

Application/Development of Hydrologic Models to Assess Migration Pathways. 

 

 Use of Hydrologic Models in Support of Regulatory Decision Making in Regard to 

Migration Pathways and Assessing Risks to Potential Receptors. 

 

 Journal of Hydrology research paper Assessment of Migration Pathways and 

BLM/USFS Decision on Nonrenewal. 
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 Failure to Establish Basis for Hydrologic Pathway to Contaminate Waterways. 

 

 Failure to Consider Other Information Related to BLM and USFS Administered 

Mining Operations. 

 

 Minimal Potential for Water Quality Impacts in Area of Concern. 

 

Standard of Care for Application/Development of Hydrologic Models to Assess 

Migration Pathways 

 

In the course of carrying out their administrative functions, regulatory agencies tasked with 

administering the development of natural resources and protecting the environment routinely 

require and rely upon the development of hydrologic (groundwater and surface water) 

models to guide their assessments of proposed decisions.  This applies to both federal and 

state agencies, and based on experience, applies to any regulatory decision-related mining.  

These hydrologic models are required to conform to scientific and industry accepted 

standards guiding data collection and hydrologic model development and use.    

 

Need for Site-Specific Baseline Hydrologic Data 

 

The development of a hydrologic model begins with the collection of baseline and 

site-specific data.  This data collection process is typically costly, time consuming, and broad 

based.  The norm for hydrologic data collection involves a progression of multiple stages of 

investigation, analysis, and data collection that conform to accepted standards.  A partial list 

of potentially applicable standards under which hydrologic characterization and data 

collection are conducted includes: 

 

 ASTM D4043 Guide for Selection of Aquifer Test Method in Determining Hydraulic 

Properties by Well Techniques. 

 

 ASTM D4044 Test Method for (Field Procedure) for Instantaneous Change in Head 

(Slug) Tests for Determining Hydraulic Properties of Aquifers. 

 

 ASTM D4050 Test Method for (Field Procedure) for Withdrawal and Injection Well 

Tests for Determining Hydraulic Properties of Aquifer Systems. 

 

 ASTM D4106 Test Method for (Analytical Procedure) Determining Transmissivity 

and Storage Coefficient of Nonleaky Confined Aquifers by the Theis Nonequilibrium 

Method. 

 

 ASTM D5912 Test Method for (Analytical Procedure) Determining Hydraulic 

Conductivity of an Unconfined Aquifer by Overdamped Well Response to 

Instantaneous Change in Head (Slug). 

 

 ASTM D5920 Test Method (Analytical Procedure) for Tests of Anisotropic 

Unconfined Aquifers by Neuman Method. 
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 ASTM D4448 Standard Guide for Sampling Ground-Water Monitoring Wells. 

 

 ASTM D6452 Standard Guide for Purging Methods for Wells Used for Groundwater 

Quality Investigations. 

 

 ASTM D6089 Standard Guide for Documenting a Groundwater Sampling Event. 

 

 ASTM D5903 Guide for Planning and Preparing for a Groundwater Sampling Event. 

 

 ASTM D6911 Guide for Packaging and Shipping Environmental Samples for 

Laboratory Analysis. 

 

 SW-846 6020 Inductively Coupled Plasma-Mass Spectrometry for the analysis of 

metals. 

 

 EPA 200.8 Determination of Trace Elements in Waters and Wastes by ICP-MS. 

 

 ASTM D516 Standard Test Method for Sulfate Ion in Water. 

 

 EPA 300.0 Inorganic Anions (e.g., sulfate) by Ion Chromatography. 

 

Accepted standard of care data collection routinely includes: 

 

 Installation of numerous borings to define hydrostratigraphic units. 

 

 Installation of numerous monitoring wells (and subsequent potentiometric and water 

quality monitoring programs) to map groundwater flow paths, delineate 

hydrostratigraphic units, and establish baseline groundwater quality. 

 

 Installation of surface water monitoring stations to quantify baseline seasonal flow 

conditions and surface water quality. 

 

 Analysis and delineation of groundwater and surface water interactions. 

 

 Water budget studies to estimate site-specific recharge, evaporation, and baseflow. 

 

 Characterization of hydraulic conductivity and storage characteristics of the various 

hydrostratigraphic units through pumping tests, slug tests, single and multi-borehole 

packer and pumping tests, etc. 

 

Standards for Model Construction 

 

Construction of a hydrologic model to assess potential migration pathways is based on the 

data derived from the site characterization program.  Per accepted practice and standards, 

model construction progresses through a number of fundamental steps including: 

 

 Selection of the numerical model (modeling code) that will adequately simulate the 

documented hydrologic conditions at the site. 
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 Definition and selection of the modeling domain (the area that is going to be 

modeled). 

 

 Selection of hydrologically defensible boundary conditions to represent the 

boundaries of the modeled area and important surface water features. 

 

 Horizontal discretization of the model. 

 

 Vertical discretization of the model to appropriately represent hydrostratigraphic 

features and operational features that could affect migration pathways. 

 

Standards to which model construction should adhere include the following: 

 

 ASTM D6170 Guide for Selecting a Ground-Water Modeling Code. 

 

 ASTM D5447 Guide for Application of a Ground-Water Flow Model to a 

Site-Specific Problem. 

 

 ASTM D5880 Guide for Subsurface Flow and Transport Modeling. 

 

 ASTM D5609 Guide for Defining Boundary Conditions in Ground-Water Flow 

Modeling. 

 

 ASTM D5610 Guide for Defining Initial Conditions in Ground-Water Flow 

Modeling. 

 

Hydrologic Model Calibration 

 

After construction of the numerical model, the next step in model development is model 

calibration using site-specific data in conformance to accepted industry standards (ASTM 

D5981 Guide for Calibrating a Ground-Water Flow Model Application, and Anderson, et al., 

2015).  This generally involves calibrating the model to observed groundwater elevations and 

surface water flows.  Typically, model calibration is carried out so that the model matches 

average or “steady state” groundwater level and flow conditions based on field measurements 

that capture seasonal variability.  To improve model reliability, practitioners will also 

calibrate to transient conditions that result from natural or test-induced stresses to the 

hydrologic system.  This can involve calibration to large scale pumping tests or to natural 

system stresses such as droughts or seasonal baseflow/stage fluctuations involving surface 

water bodies.  The goal is to rigorously calibrate the model to natural conditions so as to gain 

confidence in the model’s ability to adequately assess system behavior under proposed 

conditions.  Standards (ASTM D5981 Guide for Calibrating a Ground-Water Flow Model 

Application, ASTM D5490 Guide for Comparing Ground-Water Flow Model Simulations to 

Site-Specific Information, Anderson, et al., 2015) have been developed to define what 

constitutes acceptable calibration based on comparison of modeled data vs. site-specific data, 

modeled mass balance errors and other numerical checks and statistical analyses of the 

modeled output.   

 



 

PW_IE\Documents\Clients\Twin Metals MN\0016T777.01\5000 Client Correspondence\Rainy River\M-Hydrologic Basis for 
Decision.docx 7 

The standard of care for groundwater modeling associated with mine planning and permitting 

commonly includes calibration to site-specific groundwater elevations (potentiometric head 

elevations).  When available and appropriate, calibration using fluxes to/from surface water 

bodies as calibration targets is also common.  At present, the only site-specific data suitable 

for calibration target use that has been collected and made publically available is stream/lake 

discharge and stage data gathered in the Project vicinity by the state of Minnesota and the 

U.S. Geological Survey.  The Project has begun collection of groundwater elevation data, 

however, no groundwater elevation data set suitable for use as a calibration target set is 

publically available.  As such, no meaningful project-specific model development or 

assessment of groundwater pathways is possible by any non-project entity at this time. 

 

Hydrologic Model Sensitivity Analysis 

 

Upon completion of the calibration, the next step in the development of a hydrologic model 

is sensitivity analysis.  In this phase of model development, the practitioner varies calibrated 

model parameters such as hydraulic conductivity values, storage coefficients, recharge, and 

boundary condition values to test the sensitivity of the model to various changes in model 

inputs.  This process is completed in conformance to accepted standards (ASTM D5611 

Guide for Conducting Sensitivity Analysis for a Ground-Water Flow Model Application, and 

Anderson et. al., 2015).  In performing this step, the practitioner identifies the model 

parameters most influential on modeling results.  This information informs conclusions and 

decisions associated with uncertainty in model input parameters and the implications of that 

uncertainty on model projections.  Sensitivity analysis is also used as a basis for guiding 

subsequent field investigations aimed at reducing model uncertainty and improving the 

reliability of modeling projections. 

 

Model Predictions and Uncertainty Analysis 

 

After completion of model sensitivity analysis, the model is then used to assess/predict future 

conditions based on a proposed development scenario.  As was the case with the previous 

steps, model predictions and uncertainty analysis are carried out according to accepted 

standards (ASTM D5447 Guide for Application of a Ground-Water Flow Model to a 

Site-Specific Problem, and ASTM D5880 Guide for Subsurface Flow and Transport 

Modeling).  In the case of a mining operation, questions that are typically addressed include: 

 

 How much groundwater will flow into the mine? 

 

 Will mine dewatering negatively affect groundwater levels, stream flows, spring 

flows, water levels in lakes and other surface water bodies? 

 

 Will mine dewatering adversely impact existing water supply wells? 

 

 Will constituents associated with the ore body, ore processing, or mine waste be 

released into groundwater or surface water, and if so, at what levels? 

 

 What are the migration pathways, travel times, and receptor impacts associated with 

constituents that may be released or mobilized as a result of mine operations?   

 



 

PW_IE\Documents\Clients\Twin Metals MN\0016T777.01\5000 Client Correspondence\Rainy River\M-Hydrologic Basis for 
Decision.docx 8 

During the predictive phase of modeling, model parameters are typically varied over ranges 

defined through model sensitivity analysis to evaluate the effect of uncertainty on predicted 

impacts.  This is sometimes carried out through the incorporation of probabilistic models 

used to derive a statistically-based level of confidence in the range of potential outcomes, or 

a probability based assessment that the site will or will not meet established water quality 

criteria.   

 

It is through this process of rigorous field investigations, data collection/analysis, and model 

development in conformance with accepted standards that hydrologic models are developed 

to assess important questions related to potential impacts to water quantity and quality from 

proposed natural resource development projects.  

 

Use of Hydrologic Models in Support of Regulatory Decision Making in Regard to 

Migration Pathways and Assessing Risks to Potential Receptors 

 

In using hydrologic characterization and modeling to assess mining projects, regulatory 

agencies not only require that hydrologic characterization and model development/ 

application be conducted in accordance with established standards as described above; the 

agencies also require that data collection, testing, and modeling incorporate pertinent features 

of the proposed Project to provide a quantitative basis for evaluating their potential impact on 

water resources (groundwater and surface water quantity and quality).  Project-specific 

features for which agencies require detailed hydrologic impact assessment via a synthesis of 

site characterization, data analysis, model development, and engineering alternatives analysis 

include: 

 

 A model-based representation of the mine that is being proposed (open pit or 

underground workings) including a temporal treatment of the pit or workings as a 

function of time. 

 

 A model-based impact analysis incorporating engineering design properties for major 

Project facilities, including: 

 Waste rock storage facilities. 

 Tailings storage facilities. 

 Water retention basins. 

 Water treatment and discharge. 

 Project reclamation plans including closure of the mine and tailings storage 

facilities. 

 

 Geochemical analysis and modeling of the mined materials applied to water resources 

impact assessments associated with waste products, wall rock in pits or workings, and 

pits and workings following reclamation and closure.  

 

In assessing potential Project impacts, the hydrologic and related models are expected or 

required by agencies to reflect the actual locations of the facilities and the engineering 

designs that reflect actual construction plans.  Typical engineering plans that are incorporated 

into the assessment include plans and designs of lined facilities for storage of tailings and 

Project wastewaters, mine reclamation plans, including pit or workings backfill if proposed, 

and post-closure operation and maintenance plans.  Other Project features that are typically 
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incorporated into hydrologic models for proposed mining projects include site monitoring 

and contingency plans. 

 

In summary, when regulatory agencies administer their obligations with respect to natural 

resource development projects such as mining projects, they follow a defensible protocol for 

guiding their decision making which includes: 

 

 Reliance on use of defensible standards that withstand legal challenge. 

  

 Reliance on extensive site-specific data. 

 

 Adherence to established protocol for model construction, calibration, sensitivity 

analysis, predictions, and uncertainty analysis. 

 

 Incorporation of project-specific engineering controls, monitoring, and contingency 

plans. 

 

 Incorporation of project-specific geochemical assessments of waste materials. 

 

Regional mine development projects provide an example of regulatory agencies adhering to 

the standard hydrological modeling process to assess proposed mining projects and, in 

particular, to assess potential migration pathways for constituents of concern.  Over the last 

25-plus years there have been approximately six base metal mining projects in the Great 

Lakes Region that have advanced through the regulatory process.  All of these projects have 

broadly conformed to accepted industry standards with regard to the application of 

hydrologic models.  These projects include: 

 

 The Eagle Mine in Marquette County, Michigan (F&VD, 2006). 

 The Humboldt Mill in Marquette County, Michigan (Foth, 2008). 

 The PolyMet North Met Project in Hoyt Lakes, Minnesota (MDNR et al., 2015). 

 The Flambeau Mine in Ladysmith, Wisconsin (WDNR, 1990). 

 The Back Forty Project in Menominee County, Michigan (Foth, 2015). 

 The Copperwood Project in Gogebic County, Michigan (Orvana, 2011). 

 

These examples from the region demonstrate that in the normal course of carrying out their 

regulatory obligations with respect to their decision making authority, both state and federal 

agencies require the use of scientifically defensible models to assess potential contaminant 

migration pathways and potential impacts. 

 

Journal of Hydrology Research Paper-Assessment of Migration Pathways and 

BLM/USFS Decision on Nonrenewal 

 

As noted elsewhere in this memorandum, the BLM/USFS decision to pursue withdrawal 

does not explicitly cite any site characterization, data analysis, mine planning or engineering, 

or modeling as a basis for arguing that leases must be withdrawn lest irreparable impacts 

occur to waters within the BWCA Wilderness and Rainy River Watershed.  The lease denial 

decision does not rest on any such analysis because none has been performed. 
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However, a groundwater modeling study purporting to address the potential for groundwater 

and subsequent surface water impacts has been published in the Journal of Hydrology (JoH) 

in 2016 (Myers, 2016).  To our knowledge, this is the only publically available analysis 

purporting to address the potential impacts associated with a mining operation in the Twin 

Metals Project area, and as such, this study may have formed a partial basis of perceived 

support for the BLM/USFS lease denial decision.  Therefore, this modeling study is 

evaluated here. 

 

In the final paragraphs of the introduction, the author states: 

 

“The objective of this study was to use watershed-scale groundwater flow and transport 

modeling to predict which mine sites in a sulfide-rich watershed would be more likely to 

cause downstream AMD [acid mine drainage] problems if engineering controls fail.  It 

demonstrates how watershed-scale modeling prior to the actual development of mines can 

improve mine planning to facilitate future remediation when engineer failures occur…”  

(emphasis added) 

 

The author continues:   

 

“The model could help to optimize mining and waste disposal locations or to decide whether 

the risks of mining are too high as well as providing information on where more information 

is needed for decision making.”  (emphasis added) 

 

The first of the bold portions of the quoted text indicate that the author is seeking to establish 

a benign objective for the modeling study; namely, to use the model as a screening tool to 

consider a broad suite of sites and identify locations where a mine, or mine waste 

management facilities could be located and not pose a threat to water resources in the event 

of a failure of engineering controls.  However, the author does not apply the model to a 

variety of potential mining sites, but rather develops the model specifically for the location of 

the Twin Metals ore body south of the Kawishiwi River.   

 

Furthermore, the author states that the analysis will evaluate potential problems that may 

occur if “engineering controls fail.”  Later in the paper, the author assigns source terms to the 

model consisting of 10,000 milligrams per liter (mg/L) sulfate in recharge and in injection 

water delivered to subsurface bedrock zones.  These high contaminant loading rates do not 

represent an engineering failure of a modern waste management system.  Rather, they 

represent a complete absence of any modern waste management practices combined with 

extremely reactive mine wastes and the most extreme and unfavorable environmental 

conditions, as well as an absence of natural attenuation capabilities found in many natural 

systems.  Additionally, the engineering controls failure incorporated in the model does not 

represent a realistic failure of a liner or overtopping of a storage pond; rather it represents 

something akin to the complete dissolution of a liner combined with  enormous localized 

increases in bedrock recharge that are not physically realistic.  These elements of the model 

indicate a lack of objectivity needed for a meaningful analysis and a predetermined agenda 

under which the model was developed with the intent to show a worst possible case result. 
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Development of a model to identify locations where such careless mining practices could be 

applied without negatively impacting the environment is a pointless exercise as there are no 

locations in the U.S. or on the planet where such practices would be deemed acceptable.  A 

complete failure, or, more consistent with the modeled conditions in the paper, a complete 

absence of engineering controls will cause unacceptable impacts to water resources no matter 

where the mine or mining facilities are located.  The author notes as much in the second 

paragraph of the paper: 

 

“Mining-caused contamination is a global problem and few sites are isolated or sufficiently 

under-used that potential contamination can be ignored.”   

 

Furthermore, while the author states that the objective of the study is to “…predict which 

mine sites in a sulfide-rich watershed would be more likely to cause downstream AMD [acid 

mine drainage] problems if engineering controls fail,” the results presented in the paper do 

not attempt to identify mine leases that are prone to causing environmental problems and 

those that are not prone to such damage.  Rather, the paper considers a single site only–the 

Twin Metals site.  Nor does the paper determine zones suitable for waste management as 

distinguished from those that are not.  Instead, the paper steers from the beginning to a 

blanket conclusion that the Twin Metals site is not safe from environmental damage if poor 

mine practices are accompanied by a complete failure of engineering controls or a complete 

absence of engineering controls.  The same can be said of virtually any location in the U.S. or 

in the world, which renders the findings of the paper of little practical value. 

 

The nature of the study, in which complete failure of engineering controls, or an absence of 

such controls, and the subsequent assessment of environmental impacts under the worst 

possible combination of conditions attempts to impose a standard on mine planning that does 

not exist and is not embodied in any state or federal regulations.  There are no locations in 

the U.S. where a mining operation could be shown to have acceptably limited water 

resources impact under conditions of complete failure or absence of engineering best 

management practices.  The imposition of the standard implied in the paper would preclude 

all mining at any and all locations worldwide. 

 

The value of the study in assessing potential environmental impacts is further limited by 

several broad features of the modeling effort.  These include: 

 

 The modeling effort included no site-specific data.  Rather, it relied upon limited data 

published in regional studies.  The ability of such a modeling effort to account for 

actual conditions in the study area is, therefore, severely limited or nonexistent and 

completely departs from standards cited previously which are expected to be adhered 

to by agencies when applying models for use in mine planning, permitting, and 

environmental review.  The complete lack of site-specific data renders the result of 

the JoH modeling useless for inferring any future impacts associated with Twin 

Metals Project. 

 

 The modeling effort does not incorporate any aspects of any mine plan.  Locations of 

mine workings within the Duluth Complex, locations of mine operations and waste 

management facilities, mining methods, waste management methods and schedules, 

and other important variables that affect locations, environmental exposure, and 
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reactivity of mined materials, are completely excluded from the study.  This may be 

have been a necessity since final mine plans were/are not yet developed.  However, 

this limitation severely constrains the utility of this modeling study for assessing 

environmental impacts prior to development of Project plans.   

 

 The discussion and presentation of the modeling methods and results is brief, with 

limited text and tables, and a limited number of figures that are small in scale and not 

suitable to a careful evaluation of complex modeling methodologies and results.  

These constraints mean that many aspects of the modeling methodology and results 

are not presented and cannot be evaluated.  As such, the ability to interpret the 

validity of the study and the results is, at best, limited.  In this regard, the JoH paper 

does not conform to the standards established in ASTM D5718 (Guide for 

Documenting a Ground-Water Flow Model Application) for the presentation of 

modeling results.   

 

The three broad constraints noted above severely limit the usefulness of the model and the 

paper for assessing environmental impacts.  A modeling study and report similarly 

constrained would be considered unacceptable as a basis for water resources impact 

evaluation under any element of the environmental review process (such as the 

Environmental Impact Statement or Permit to Mine Application) through which a mining 

project must proceed. 

 

In addition to these general and broad limitations on the utility of the study as a 

decision-making tool, there are several specific aspects of the paper and study that render it 

unsuitable for use as a policy-making or decision-making tool: 

 

 The labeling of sub-units of the Duluth Complex (Pma and Pmt) on Figure 2 is such 

that one cannot distinguish one unit from the other.  Because these sub-units are 

associated with parameterization of the model (hydraulic conductivity, porosity, etc.), 

one is unable to interpret or evaluate this important aspect of the model construction. 

 

 The paper notes that well water levels were used as calibration targets.  Figures in the 

paper indicate all well calibration targets are highly clustered in a few locations 

within the model domain and limited to data obtained from a state of Minnesota 

database.  No information is provided regarding the types of wells included as 

calibration targets, manner in which the data was collected, the time at which the 

measurements were made, the geologic units represented, or other important details.  

No contour map of groundwater potentiometric surfaces is presented.  These 

omissions preclude development of a conceptual understanding of groundwater flow 

and prevent an evaluation of the quality and applicability of the water level data used 

to calibrate the model. 

 

 On page 283, the author states that sulfate transport was assumed to be conservative 

(no attenuation) “…to estimate the sources which could have the most significant 

impacts without relying on estimates of reactivity to attenuate the risk.”  Treating 

sulfate as conservative does not aid in determining which sources present more risk 

than others because this approach effectively treats all sources, all geologic units, and 

any/all source control practices the same, assuming worst case conditions for all.  
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Treating sulfate as a conservative constituent simply produces conservative or 

worst-case projections of impact as opposed to projections that properly reflect site 

conditions and Project-specific practices associated with potentially reactive mined 

materials. 

 

 Layer 1 for the numerical model is defined to represent overburden/glacial till that 

overlies bedrock in the study area.  The model assigns a constant and uniform 

thickness of 15 meters (m) to this unit.  Fifteen meters is substantially thicker than 

actual Quaternary deposits in much of the study area.  Outcrops are common in the 

study area, as are zones with unconsolidated deposits of 1 to 2 m thickness.  The 

actual limited thickness and the variability in thickness of Quaternary deposits in the 

area will exert a significant influence on groundwater flow paths and rates.  In much 

of the study area, there is no aquifer or groundwater flow system in which to transport 

any constituent.  These components of flow system variability are excluded from the 

model and limit the usefulness of the results as a basis for predictions. 

 

 The second layer of the model was defined as having a thickness of 125 m.  This 

layer is defined in the paper as that which represents the upper weathered or fractured 

portion of the bedrock.  No data is presented to document that the upper portion of the 

bedrock is more fractured or weathered than deeper rock.  No data is presented to 

document the depth or thickness of this more weathered or fractured zone.  Hydraulic 

conductivity data collected by the Project to date via depth-specific packer testing 

indicates the vertical reach of bedrock that may exhibit higher hydraulic conductivity 

is limited to the upper 75 m.  As such, the layer thickness/parameterization for the 

uppermost bedrock in the JoH study departs substantively from actual site conditions. 

 

 The use of a uniform thickness for Layer 1 representing unconsolidated deposits 

precludes representing the actual topography of the bedrock surface.  Because of the 

high contrast in hydraulic conductivity of the unconsolidated Quaternary deposits 

relative to the bedrock, the bedrock topography exerts strong controls on groundwater 

flow paths and rates within the Quaternary deposits.  Excluding this information from 

the model limits the model’s ability to accurately account for these processes.  The 

transport simulation of the Quaternary groundwater system is therefore severely 

constrained as well. 

 

 Calibrated hydraulic conductivities for the Duluth Complex presented in Table 1 are 

extremely large in comparison to literature values, preliminary results from hydraulic 

tests performed within the Duluth Complex, and the author’s own qualitative 

description of this formation.  For example, the author assigns a value of 0.12 for the 

specific yield of some zones of the Duluth Complex.  Much of the Duluth Complex 

rocks have specific yields or porosities that are essentially zero.  Hydraulic 

conductivity is commonly the most influential parameter in terms of flow directions 

and rates obtained from a flow model.  The multiple-order of magnitude 

over-estimation of this parameter in the JoH study render the results unrepresentative 

of the actual hydrogeologic system and of no value for drawing conclusions regarding 

potential Project impacts. 
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 The calibration of the model includes multiple zones for estimation of hydraulic 

conductivity and related parameters for each hydrogeologic unit.  Yet there is no 

discussion of the rationale for distinguishing different zones within these units.  This 

suggests that the zones were determined not on the basis of observed features of these 

units and formations, but rather were selected merely to allow some degree of 

calibration success.  This is not consistent with common modeling practice.  And the 

absence of a discussion of the rationale behind the zonation makes it impossible to 

assess the success or lack thereof of the calibration. 

 

 The presentation of the calibration results is very limited, with only a single 

calibration statistic discussed and no presentation of graphical calibration results or 

spatial distribution of calibration statistics.  This presentation departs widely from 

standard practice as documented in ASTM D5718 (Guide for Documenting a 

Ground-Water Flow Model Application).  Again, this limitation precludes drawing 

any conclusions regarding the degree to which the model represents actual 

hydrogeologic conditions in the study area. 

 

 No mass balance results are presented for the model as a whole or for individual 

model layers.  This precludes evaluating the internal consistency of the numerical 

solution.  The model mass balance (for the overall model and for individual model 

layers and units) is one of the most fundamental and important measures used in the 

assessment of a model’s performance.  Without knowledge of these model mass 

balance results, the validity of the model is completely unsubstantiated. 

 

 River and lake boundary conditions are incorporated in the model using the drain 

feature of MODFLOW.  This is not a common practice.  Rather, the river package in 

MODFLOW is normally used to model rivers and lakes.  Furthermore, the head value 

assigned to the drain boundary conditions was defined as an elevation 5 m below 

ground level.  This is substantially different than actual physical conditions within the 

study area and will substantially increase hydraulic gradients above actual values.  

The effect of such an increase or distortion in hydraulic gradients is to overestimate 

groundwater velocities and underestimate constituent travel times.  Rivers and lakes 

are assumed to be gaining water from the groundwater system at all times, a condition 

that the author acknowledges is not consistent with actual system behavior.  These 

features of the JoH modeling study constitute serious errors in the models fidelity to 

the actual physical system it purports to represent. 

 

 To represent constituent release from underground workings, the author modeled 

injection wells delivering 10,000 mg/L sulfate water to Layers 2 and 3 of the model.  

The author injected such water for a one year duration and noted that total sulfate 

load per model cell under this configuration was approximately 3,000 tons per year.  

Such a loading is considered extreme, if not impossible to achieve, even if it was 

one’s objective.  Furthermore, the use of an injection well to create a source term in 

the model causes an over-representation of hydraulic gradients (presumably an 

enormous overestimate; actual gradients associated with these predictive simulations 

are not reported) that does not reflect conditions that would naturally exist in the 

presence of underground workings or backfilling of mine waste.  Again, the 
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overestimation of hydraulic gradients results in overestimation of constituent 

transport rates and subsequent impacts. 

 

The above represents a partial summary of the limitations and problems associated with the 

modeling study, the presentation of the work, and the use of both as a basis for making 

meaningful decisions regarding environmental impacts.  They indicate that the JoH modeling 

study provides a poor representation of the hydrologic system at the Twin Metals site, that it 

does not conform to standard practice, and that it provides no meaningful representation of 

Project impacts. 

 

Project Investigations Indicate No Substantive Groundwater Flow Pathway from Ore 

Body to Surface Waters 

 

Although site characterization activities and analysis of hydrologic systems are yet to be 

completed, data collected to date overwhelmingly indicates an absence of a groundwater 

migration pathway from the ore body where mining will take place to surface waters.  In the 

absence of such a pathway, there is no route for constituents released from the ore body, 

either during operations or following reclamation and closure, to reach surface water features 

and flow into the BWCA Wilderness lakes or rivers.   

 

Early site characterization activities have included the geologic logging of exploration, 

monitoring well, and piezometer borings, mapping of geologic units, hydraulic testing of 

bedrock to estimate hydraulic conductivity, geophysical surveys and testing, and installation 

of and potentiometric monitoring in wells and piezometers. 

 

Geologic logging of exploration borings, core collection and analysis, and geophysical 

surveys indicate that Duluth Complex rocks (and footwall rocks of the Giants Range 

Batholith) are predominantly composed of highly indurated, competent, unfractured rock 

(commonly referred to as “stick rock” or “gun-barrel core” due to the nature of the core 

which resembles a steel rod in general appearance) of near zero porosity.  Fractures are 

present in the rock but are infrequent and display minimal or zero aperture.  Porosity 

approaches zero.  Such rocks have minimal capacity to transmit groundwater.   

 

Hydraulic testing of exploration borings has included numerous packer tests at discrete 

intervals as well as full-length slug and pumping tests.  Analysis of test data obtained shows 

that rocks in the vicinity of the ore body are predominantly characterized by very low 

hydraulic conductivities.  Hydraulic conductivity values for rocks deeper than 200 feet are 

generally between 10-8 and 10-11 centimeters per second (cm/s).  Conductivities in this range 

correspond to published ranges for unfractured igneous rocks which represent some of the 

lowest permeability rock formations on the planet.  A small number of higher conductivity 

test results (maximum of 10-4 cm/s) were observed, but even these higher estimates are 

considered “low conductivity” and unconducive to groundwater flow.  Additionally, the 

higher conductivity test results are predominantly isolated to shallow bedrock where 

weathering has occurred and which will not be exposed to underground workings, meaning 

they offer no pathway for groundwater migration from the proposed mine to surface waters. 
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Another set of important data that has been collected is vertical profile potentiometric data 

which quantify groundwater elevation or hydraulic head as a function of depth.  This data, 

collected via nested piezometers and monitoring wells, reveals that hydraulic gradients 

within the bedrock above the ore body are generally directed downward.  Downward 

hydraulic gradients mean that groundwater is moving within the bedrock in a downward 

direction under natural conditions.  Downward flow rates are very low due to the low 

hydraulic conductivities of the rocks in and surrounding the ore body described in the 

preceding paragraph.  Mine operations which will involve dewatering of the underground 

workings will maintain downward gradients, with mine inflow rates projected to be low as a 

result of the low porosity and permeability of ore and host rocks.  Upon mine reclamation 

and closure, vertical gradients will generally return to their natural state, maintaining a 

downward flow direction within the bedrock.  Under these conditions, it would be physically 

impossible for constituents to migrate from the ore zone to surface water, whether it be under 

pre-mining conditions, operating conditions, or closure conditions.  As such, contamination 

of BWCA Wilderness surface waters from underground operations or closure is of minimal 

likelihood. 

 

Comparison of groundwater elevations in shallow unconsolidated deposits with those in 

deeper bedrock zones indicates groundwater levels are generally higher in the unconsolidated 

deposits than in bedrock.  Additionally, groundwater elevations in shallow unconsolidated 

deposits display relatively rapid response to precipitation and snowmelt events, whereas 

bedrock water levels display little or no response to the same events.  These observations 

suggest that bedrock is recharged by near-surface hydrologic features (shallow groundwater 

and surface water) and that this recharge is slow and involves minimal flux rates.  They also 

suggest a poor hydraulic connection between near-surface features that would limit or 

minimize impacts to near-surface hydrologic systems (such as induced seepage from shallow 

groundwater, lakes, streams, or wetlands) in response to development of underground 

workings.  Such conditions will further mitigate against substantive movement of 

constituents from workings in the ore zone to shallow groundwater or surface water both 

during operations and following reclamation and closure. 

 

Failure to Establish Basis for Hydrologic Pathway to Contaminate Waterways 

 

The BLM/USFS decision to pursue withdrawal fails to meet the standards that agencies 

apply to mine operators when seeking to permit a project in numerous important regards: 

 

 The decision presents no characterization of hydrologic or hydrogeologic conditions 

in the Project area.  Site-specific data is completely absent in the BLM/USFS denials 

of renewal for the subject mineral leases. 

 

 The decision is not supported by any quantitative or even qualitative analysis of 

hydrologic systems in the Project area. 

 

 The decision implicitly assumes that groundwater in the vicinity of the planned ore 

body and underground workings is hydrologically connected to and flowing to 

surface water bodies.  This assumption is presented with no scientific or engineering 

data to support it.  This assumption is also contrary to data collected by the Project to 



 

PW_IE\Documents\Clients\Twin Metals MN\0016T777.01\5000 Client Correspondence\Rainy River\M-Hydrologic Basis for 
Decision.docx 17 

date which overwhelmingly indicates an absence of any substantive hydrologic 

pathway moving water from the ore body to surface water features. 

 

 Development of a TMM mine plan is in progress but no final plan has been 

completed or published.  Given the absence of a final plan, the BLM/USFS assumed, 

in promulgating their lease termination decisions, that all Project features are located 

in the Rainy River Watershed.  This assumption appears, in part, to have been based 

on an outdated Pre-feasibility Study (prepared for Duluth Metals in 2014) that does 

not reflect current Project conceptual planning.  While the final Project plan is still 

undergoing development, several important Project components have been 

established and are summarized on the Project web page: http://www.twin-

metals.com/about-the-project/project-facts/.  Important Project elements summarized 

here and relevant to the lease withdrawal include: 

 Storage of waste rock in underground workings. 

 Storage of approximately half of the generated tailings in underground workings 

using cemented backfill process. 

 Storage of remaining tailings in engineered and lined tailings impoundment near 

Babbitt (outside of the Rainy River Watershed). 

 

These Project features alone eliminate or dramatically reduce the potential for surface 

waste storage facilities contributing to degradation of surface waters in the Rainy 

River Watershed.  The storage of waste rock in underground workings and the use of 

low-permeability cemented backfill disposal of tailings in the workings will isolate 

these underground storage facilities in bedrock of very low permeability.  Field data 

collected to date indicate minimal or very poor hydraulic connectivity between these 

waste disposal zones and both shallow groundwater and surface water.  Failure to 

consider these Project features in the lease denial decision indicates that the decision 

was based on perceived or assumed Project features and risks that will not exist. 

  

 As with any modern infrastructure project, the Twin Metals Mining operation will be 

designed and constructed using modern, state of the practice technologies; both for 

the design of engineering controls, the selection of products used in the construction 

of designed controls, and the monitoring of the performance of these systems.  These 

designs, product selections, and monitoring/maintenance practices have not yet been 

designed.  In lieu of knowledge and analysis of these Project features, the BLM/USFS 

decision implicitly assumed that all systems would be designed and constructed using 

practices and materials equivalent to those used over the last century.  The single 

published study purporting to evaluate impacts of the Twin Metals Project goes 

further and assumes that all waste management will be mismanaged to such an extent 

that mine waters equal or exceed the worst levels observed at any historic mining site, 

that all engineering controls will fail completely.  These assumptions are equivalent 

to making decisions about the current utility and merit of solar-generated electricity 

based on photo cell technology from 1950 or earlier. 

 

 Any attempt to permit a mine with the lack of site characterization, data analysis, 

modeling, quantitative analysis of engineered systems, and similar, conventional, 

state-of-the practice analysis would be summarily rejected without review by 

agencies responsible for such permitting. 

http://www.twin-metals.com/about-the-project/project-facts/
http://www.twin-metals.com/about-the-project/project-facts/
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In the absence of site-specific hydrologic characterization data, a hydrologic model 

developed in accordance with accepted industry standards, and the incorporation of an actual 

mine plan, it is not possible to conclude that there is or is not a pathway for migration of 

constituents of concern into the BWCA Wilderness and impairment of those waters.  Absent 

these industry-standard and agency-required practices and information, no scientifically 

defensible conclusions of can be drawn about any aspect of Project impacts, to water 

resources or any other component of the natural environment or human and socio-economic 

concerns.  

 

Failure to Consider Other Information Related to BLM and USFS Administered 

Mining Operations 

 

In the USFS letter to the BLM denying USFS consent to renew the Twin Metals leases that 

the agencies cite as a basis for pursuing withdrawal, the USFS states on page 11: “FS data 

indicates between 20,000 and 50,000 mines currently generate acid on lands managed by the 

agency.  Negative impacts from these mines affect 8,000 to 16,000 km of streams.”  Note that 

8,000 and 16,000 km correspond to 4,971 and 9,942 miles, respectively.   

 

Although the USFS fails to cite a source for the purported claims noted in the preceding 

paragraph, the source of these claims is easily identified as a report that the USFS produced 

themselves in 1993.  An internet search for any of the number combinations in the preceding 

paragraph quickly reveals dozens to hundreds of instances wherein these numbers are cited to 

characterize the extent of mining impacts on waters of the U.S.  All such instances that cite a 

source for the estimates refer to a 1993 report prepared by the USFS itself.  The report is: 

 

Acid Drainage from Mines on National Forests, A Management Crisis. U.S. Department of 

Agriculture, Forest Service, In Cooperation with the U.S. Department of Interior’s Bureau of 

Land Management, Program Aid 1505, March 1993.  

 

Page 3 of the report (USFS, 1993) states: 

 

“Currently, reliable data on the total number of mines producing acid drainage and on the 

number of miles of streams affected by acid and metal drainage are not available for the 

Western United States.  However, various estimates have placed the number these mines in 

the range of 20,000-50,000, seriously affecting 5,000-10,000 miles of streams.  The 

cumulative effect of these mines, whatever their actual number, is significant.” (emphasis 

added) 

 

No data or source is cited in support of this claim, even in the original report (USFS, 1993). 

 

Although the USFS letter presents these estimates of AMD-generating mines and impacted 

stream lengths as facts supported by data, the original USFS report from which the numbers 

are taken (USFS, 1993) plainly states that no reliable data exist, which suggests that the 

estimates are mere conjecture.  Furthermore, while the USFS letter states that 20,000 to 

50,000 acid generating mines are leaking into 8,000 to 16,000 km of streams on “…lands 

managed by the agency…,” the original report makes no statement regarding the ownership, 

stewardship, or status of the lands on which these impacts are supposedly located.  This 
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indicates another distortion embodied in the USFS claims on page 11 of the lease denial 

decision. 

 

The original USFS report (USFS, 1993) contradicts these numbers on the exact same page 

which presents the language quoted above.  Namely, paragraph 2 on page 3 reads: 

 

“Over 1,500 western mining sites with significant acid drainage problems have been 

identified on National Forest System lands.” 

 

This begs the questions: “Which is it—1,500 impacted mine sites or 50,000?  The 

discrepancy constitutes an error of 3300%.”  And, “Are the impacted mine sites on USFS-

administered lands or not?” 

 

Given the date of the report (1993) upon which the USFS relies for its claims of dramatic 

impacts associated with mining operations, USFS (1993) is clearly focused on legacy (pre-

1990) mining operations and conditions, and not conditions associated with modern mining 

practices and regulations.  The importance of this distinction is made clear in a letter written 

by the U.S. Department of Agriculture to Senator Lisa Murkowski in response to inquiries 

made by Senator Murkowski regarding financial assurance requirements imposed on mining 

operations.  This letter is included herein as Attachment 1.  A similar letter on the same topic 

from the BLM to Senator Murkowski is included as Attachment 2. 

 

Page 3 of the USFS response to Senator Murkowski presents the Senators 7th question and 

the USFS response: 

 

Senator’s Question: 

7.  How many hardrock mining and beneficiation plans of operation has your agency 

approved since 1990? 

a. How many of those sites are, or have been, placed on the CERCLA NPL? 

b. How many of those sites placed on the CERCLA NPL involved (a) a responsible party 

that pays (paid) for the cost of short-term removals or long-term remediation, either 

in part or in whole?... 

 

USFS Response: 

The total number of hardrock mines permitted since 1990 is 2,685; no sites have been placed 

on the CERCLA NPL list. 

 

In summary, the USFS states in USFS (1993) that pre-1990 mining operations have resulted 

in 1,500 mine sites with environmental impairment.  And in their response to Senator 

Murkowski, they state that since 1990, 2,685 mine operations have been permitted on 

federally administrated lands and not a single site has resulted in contamination problems 

resulting in CERCLA listing. 

 

This demonstrates that the BLM/USFS decision to pursue withdrawal is based on selective 

use of unsupported conjecture surrounding mining practices no longer in use while 

simultaneously ignoring information indicating a record of safe, modern mining practices. 
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Attachment 1 

USDA Letter to U.S. Senator Lisa Murkowski 

July 20, 2011 

(See Response to Question 7) 

  











 

PW_IE\Documents\Clients\Twin Metals MN\0016T777.01\5000 Client Correspondence\Rainy River\M-Hydrologic Basis for Decision.docx 

Attachment 2 

BLM Letter to U.S. Senator Lisa Murkowski 

June 21, 2011 

(See Response to Question 7) 
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