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1. Introduction 

NewRange Copper Nickel LLC (NewRange) is advancing a Section 404 of the Clean Water Act 
(CWA) permit application (404 Permit Application) for the NorthMet Project in St. Louis County, 
Minnesota. Foth Infrastructure & Environment, LLC (Foth) is supporting NewRange and its 
wetland consultant, Barr Engineering Co. (Barr), with an integrated approach for wetland 
hydrology assessments for identifying potential indirect wetland impacts. In support of this, 
Foth has developed this Potential Indirect Wetland Impact Modeling Work Plan (Work Plan) to 
support the 404 Permit Application and assist in guiding regulatory interaction. Foth’s approach 
in developing this Work Plan is summarized below. 

◆ Foth reviewed wetland hydrology data including groundwater elevations, hydrographs, 
head differences, water chemistry, and vertical gradients in bedrock, the surficial aquifer, 
and in wetland wells. Additionally, analog mine sites and other available empirical data 
were reviewed to support modeling-based predictions. 

◆ Updated conceptual site models (CSMs) were developed for NorthMet, detailing 
pre-Project wetland hydrology and groundwater interactions.  

◆ Using the CSMs, Foth proposes a modeling approach and a modeled criteria framework 
to evaluate potential indirect wetland impacts and proposes a framework for managing 
uncertainty. 

1.1 Purpose  

Mine-related activities, such as pit dewatering, ore and rock waste stockpiling, and tailings 
storage, will alter water movement across the landscape of the NorthMet Project area during 
construction, operations, and closure/post-closure. Changes to groundwater and surface water 
movement, as well as watershed modifications, can potentially disrupt the hydrologic cycle and 
affect wetland dynamics. For example, mine dewatering may lower groundwater inflow to 
wetlands, reducing water tables, hydroperiods, and altering vegetation and habitat. Watershed 
changes from the construction of tailings storage facility (TSF) and water management designs 
may impact water movement and quality, potentially compromising wetland ecological 
functions like biodiversity support and water regulation. Identifying the magnitude and locations 
of these potential impacts to wetlands (i.e., establishing which wetlands in the NorthMet Project 
area and vicinity are at risk of being potentially impacted by the NorthMet Project) is essential 
for developing monitoring and mitigation strategies that protect or address impacts to wetland 
functions while supporting responsible mineral resource extraction. 

This Work Plan provides a framework for assessing potential indirect impacts to wetlands, 
including an approach utilizing numerical modeling to evaluate potential risks of indirect 
hydrologic impacts to wetlands. The results of this modeling will inform the design and 
prioritization of future wetland monitoring activities. Numerical modeling will simulate 
generalized wetland groundwater and surface water inflow and outflow components so 
potential changes during NorthMet Project construction, operations, and closure/post-closure 
activities can be evaluated. These simulations will assist in determining the thresholds and 
mechanisms driving ecological and hydrological changes due to the NorthMet Project. 
Modeling results will inform the evaluation of assess possible effects of hydrological 
disturbance from the NorthMet Project on local and regional hydrologic connectivity. One of the 
outcomes of the modeling will be tabulation of wetland areas with associated graded 
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prioritization factors that will be useful for future monitoring of potential wetland impacts as 
part of the ecological/wetland monitoring plan.  

1.2 Background Site Description 

Potential indirect wetland impact analyses will be completed for the NorthMet Project-related 
features described in the following paragraphs. These features are contained within the limits of 
the Impact Area and are shown on Figure 1-1 and Figure 1-2. 

◆ The Mine Site area includes the West and East Pits, Overburden Storage and Laydown 
Area (OSLA), Permanent Rock Storage Facility (PRSF), Temporary Rock Storage Facility 
(TRSF), Ore Surge Pile (OSP), as well as various haul and maintenance roads, pipeline, 
primary crusher and mine facility buildings, mine water and stormwater ponds, 
stormwater ditches, and miscellaneous infrastructure. 

◆ The Plant Site includes the process plant and the TSF. The process plant consists of 
various buildings, reservoirs and stormwater ponds, thickener tanks, stormwater ditches, 
and other miscellaneous infrastructure. The TSF includes historical pits located between 
(east of) Second Creek and (west of) Wyman Creek, south of Dunka Road. Four historical 
pits (Pit A, Pit B, Pit C, and Pit D) will be dewatered prior to disposal and storage of the 
NorthMet Project-generated mine tailings through Mine Year 5. After Mine Year 5, the 
tailings will be deposited within a constructed embankment for the TSF. Additionally, 
Pit 3 will be maintained as a water reservoir. 

Wetlands within these areas will be included in the spatial assessments of potential 
hydrological changes due to mining. Some of the wetlands will be subject to direct impacts 
from the NorthMet Project, including wetlands within the defined Impact Area which 
encompasses the footprints of the new disturbances for the NorthMet Project infrastructure. 
Other wetlands, outside the footprints of the direct impacts, may have potential indirect impacts 
due to changes in hydrology caused by a change in the water table, changes in watershed areas 
supplying water to the wetlands, changes in water quality, or wetland fragmentation. Wetlands 
that are identified as being directly impacted will be excluded from potential indirect impact 
analysis.  

1.3 Modeling Framework 

This Work Plan outlines the conceptual framework established to define existing wetland 
hydrology components, details the approach for modeling wetlands and anticipated changes in 
their hydrology, and describes the methods that will be used for numerical modeling and 
analyses to predict potential indirect impacts for wetlands associated with the NorthMet 
Project. The scope of modeling and analysis during implementation of the Work Plan is detailed 
in Section 4.1 and includes: 

1. Incorporation of wetlands into groundwater and surface water models. 
 

2. Pre-Project numerical modeling. 
a. Baseline (i.e., Pre-Project Existing Conditions) groundwater model with wetlands  
b. Baseline surface water model with wetlands 
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3. Potential NorthMet Project-related changes to wetland hydrology and potential indirect 
wetland impact prediction modeling:   
a. Due to mine dewatering and drawdown/flux related changes in wetland hydrology 
b. Due to changes in watershed areas contributing flow to the wetlands 
c. Due to changes in stream flows for streams adjacent to and interacting with 

wetlands 
 

4. Post-closure wetland modeling at the Mine Site and the TSF areas. 

To support the assessment of potential indirect impacts from the NorthMet Project, the existing 
wetland hydrology data have been analyzed to refine wetland hydrology CSM for the NorthMet 
Project. This refined CSM establishes the basis for a numerical modeling approach which will 
identify the site-specific dynamics of wetlands in the NorthMet Project area. The CSM-based 
potential indirect wetland impact prediction modeling for the NorthMet Project will simulate 
changes in wetland hydrology resulting from NorthMet Project-induced alterations in the 
contributing groundwater, nearby stream flow, and watershed areas. The modeling will be used 
to predict water level changes at the Mine Site and TSF locations. Additionally, changes in 
simulated hydrologic fluxes to modeled wetland components are considered as a supporting 
line of evidence to strengthen the potential indirect impact assessment. Given the inherent 
heterogeneity of wetland systems and uncertainties in predictive modeling, this modeling will 
use a tiered prioritization approach to identify wetlands for future monitoring, focusing efforts 
on those most susceptible to potential NorthMet Project-related hydrologic changes.  

1.4 Report Organization 

The Work Plan is organized into the following sections: 

◆ Section 2 provides the regulatory background and model criteria used for identifying 
potential indirect impacts to wetland hydrology. 
 

◆ Section 3 provides a summary of pre-Project wetland hydrology datasets and conceptual 
hydrologic models. 
 

◆ Section 4 provides the proposed modeling approach and indicators for identifying 
potential indirect wetland impacts projected from the numerical modeling results. 

 
◆ Section 5 provides a review of uncertainty in model predictions and management 

considerations. 
 
◆ Section 6 provides references used in this Work Plan. 
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2. Criteria for Identifying Potential Indirect Impacts to Wetlands 

This section discusses the regulatory basis associated with potential indirect impacts to 
wetlands and reviews the previous timeline and history of potential indirect impact modeling at 
NorthMet. Additionally, this section provides the proposed criteria that will be used to assess 
potential indirect wetland impacts. 

2.1 Regulatory Basis 

The U.S. Army Corps of Engineers (USACE) regulates the discharge of dredged or fill material 
into waters of the United States, including wetlands. This regulation falls under Section 404 of 
the CWA. In Minnesota, the filling or draining of wetlands, whether wholly or in part, are also 
regulated by a parallel program, the Wetland Conservation Act (WCA) of 1991. For projects 
regulated through a permit to mine, the Minnesota Department of Natural Resources (MDNR) 
administers the WCA requirements. Under WCA and Section 404 of the CWA, both direct 
impacts and potential indirect impacts to wetlands are subject to regulatory review and a 
hierarchical approach to compensatory mitigation and/or a replacement plan. Both regulatory 
frameworks utilize an approach that requires the proponent to avoid wetlands, minimize the 
activity within unavoidable wetlands, and mitigate the impacts. Evaluation of activities that 
could result in potential indirect wetland impacts within a mining project are typically assessed 
based on various factors related to the change in wetland hydrology and the subsequent 
changes on wetland vegetation, function, and values. These assessments could include:  

◆ Changes in wetland watershed areas. 

◆ Groundwater drawdown resulting from open pit mine dewatering. 

◆ Groundwater mounding/drawdown resulting from the operations being conducted at the 
rock storage facilities and TSF including low-permeable gradient control structures and 
other hydraulic controls. 

◆ Changes in stream flow near the Mine Site and TSF and associated impacts to wetlands 
adjacent to streams.  

◆ Changes in wetland water quality.  

2.2 Timeline and Summary of Previous Indirect Impact Modeling 

The Poly Met Mining, Inc. (PolyMet) NorthMet Project previously underwent a decade-long 
environmental review from 2005 to 2015 (Prior Regulatory Process), culminating in a 2015 Final 
Environmental Impact Statement, record of decision, and adequacy determination in November 
2015. The WCA Notice of Decision (NOD) was issued in late 2018, and the Section 404 permit 
was issued in early 2019. Stakeholders, including the Fond du Lac Band of Lake Superior 
Chippewa, raised concerns about the adequacy of this approach, citing potential downstream 
effects on water quality and wetland hydrology.  

To assess potential indirect wetland impacts during the Prior Regulatory Process, PolyMet 
conducted supplemental evaluations using analog site data, wetland monitoring and 
groundwater monitoring, and conceptual site models to estimate changes in wetland hydrology 
and water quality. This method was developed at the direction of the USACE and MDNR. While 
numerical modeling tools like MODFLOW were used to estimate pit inflows, they were not 
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applied to simulate wetland drawdown. The Section 404 permit and the WCA NOD included 
conditions to monitor potential indirect wetland impacts and required adaptive management 
strategies.  

In June 2023, the USACE revoked PolyMet’s Section 404 wetlands permit. Although this 
decision was contentious and could be revisited by the Trump Administration, this Work Plan 
takes into account and proposes mechanisms to address the objections raised to the 
404 wetlands permit and USACE’s stated reasons for revocation. NewRange is building on the 
lessons learned during the prior permitting process and feedback from stakeholders. The 
current work plan advances from conceptual evaluations toward quantitative modeling to 
support predictions of risk for potential indirect wetland impacts from the NorthMet Project. 
This Work Plan aims to address stakeholder concerns and regulatory expectations for evidence-
based priorities for wetland monitoring for potential indirect wetland impacts. The historical 
regulatory framework remains critical because it helped define baseline conditions, monitoring 
requirements, and adaptive management strategies that helped inform this Work Plan and 
proposed modeling approach.  

2.3 Modeled Criteria and Practical Considerations 

As described in Section 1.3, numerical modeling will simulate changes to wetland hydrology as 
an integrated hydrologic function during mine construction, operations, and closure/post-
closure. The results of the modeling will assess risk on the hydrological system and potential 
indirect impacts to wetlands. There are practical considerations given the complexity and scale 
of the wetland systems in and around NorthMet. Instead of assessing individual wetlands for 
quantified impacts, graded priorities will be applied to identify and prioritize wetlands for future 
wetland monitoring. This will be done by first completing the following tasks using the modeled 
results: 

◆ Hydraulic head changes will be analyzed. 

◆ Modeled drawdown will be examined to assess the potential cone of depression, 
especially as expansion of drawdown encompasses wetland areas within the cone. 

◆ Numerical model cells representing wetlands will be evaluated using water budget tools. 
Pre-mining and post-mining water budgets within wetland cells will be compared. 

◆ Post-dewatering hydroperiods will be simulated to assess potential long-term indirect 
wetland hydrologic impacts. 

Based on the modeling results and these tasks, the significance and effects will be assessed 
using the following graded priorities matrix summarized in Table 2-1 for future wetland 
monitoring at NorthMet. The graded priorities do not imply that indirect wetland impacts will 
occur and should be used as part of further consideration for future wetland hydrology 
monitoring plan development.  
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Table 2-1 
Graded Priorities for Potential Wetland Hydrology Monitoring Based on Modeling Results 

Model 
Simulation 

Results Topic Measurable Indicator Discussion 
High Priority 

Areas  

Moderate 
Priority Areas  

Low Priority 
Areas  

Areas with 
Very Low 
Priority 

(Buffer Areas) 

Wetlands 
Outside of 

Priority Areas  

G
ro

u
n

d
w

a
te

r 
M

o
d

e
lin

g
 R

e
s

u
lt

s
 Reversal of 

Hydraulic 
Gradients 
between 

Simulated 
Wetlands & 

Unconsolidated 
Deposits  

Groundwater flow to wetlands - 
either upward or laterally - 

reverse course. 

Simulated 
wetland 

components 
change from 
receiving to 
discharging 

water. 

--- 

Areas that show 
a reversed 
gradient in 
modeling  

500-foot buffer 
from moderate 

priority area 
--- --- 

Change in 
Simulated 

Wetland Water 
Balance 

Increase of discharge downward 

Increased water 
loss caused by 

bedrock 
dewatering 

Increased loss 
of wetland water 
to groundwater 

>25% 

Increased loss of 
wetland water to 

groundwater  
>15%, but <25% 

Increased loss of 
wetland water to 

groundwater 
>5%, but <15% 

--- 

Increased loss 
of wetland 

water to 
groundwater 

<5% 

S
u

rf
a

c
e

 W
a

te
r 

R
e

s
u

lt
s

 Watershed 
Loss 

Watershed to wetland area ratio  

Identify runoff 
changes to 

wetlands by +/- 
20% 

Watershed to 
wetland area 

ratio change by 
≥20% 

Watershed to 
wetland area 

ratio change by 
>10, but <20% 

Watershed to 
wetland area ratio 

change by >2%, 
but <10% 

--- 
Runoff change 
to wetlands by 

<2%  

Stream Flow 
Reduction 

Flow reduction outside existing 
conditions 

Identify 
wetlands 

adjacent to 
streams that 

have 
measurable flow 

reductions 

--- --- 

Measurable flow 
that is 20% less 

than existing 
conditions  

--- 

No change in 
flow; no 
adjacent 
wetlands 

 Prepared by: GMB 
 Checked by: VXT 
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Wetlands for the Mine Site are shown on Figures 2-1 and 2-2 and are classified by community 
type. Water source shown on Figure 2-2 was defined by Steve Eggers from the USACE (Eggers 
and USACE, 2011). Wetland classifications for the Plant Site, including the TSF areas, are 
illustrated on Figure 2-3. 

As discussed in Section 1.2, a potential indirect wetland impact analysis will be completed for 
the Mine Site and the TSF area where NewRange is projecting surficial impacts caused by open 
pit mining, road construction, as well as rock, soil, and tailings storage facilities, among other 
site activities. Wetlands that are identified as being directly impacted will be excluded from 
potential indirect impact assessment. This assessment will encompass delineated wetlands, 
regardless of regulatory jurisdiction. This comprehensive approach includes wetland features, 
regardless of regulatory status or future changes in status, are accounted for in the 
environmental impact assessment and NorthMet Project planning processes. 
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3. Wetland Conceptual Site Models 

The analysis of wetlands and the resulting CSM primarily focuses on the hydrologic interactions 
between the wetlands, groundwater, and surface water at the Mine Site. The Mine Site wetlands 
have a robust hydrologic dataset available from past baseline data collection completed in 
support of environmental review and permitting. Due to the lack of site-specific information on 
the hydrology of the wetlands surrounding the proposed TSF location, those wetlands are 
inferred to be similar based on wetland type and their relationship to available bedrock data. 

These conceptual discussions are intended to provide a foundational framework for an updated 
understanding of wetland hydrologic interactions within the broader context of the pre-Project 
hydrologic cycle. They will also provide information for future planning of NorthMet 
Project-related water management and numerical modeling of NorthMet Project-related 
potential impacts to wetland hydrology.  

3.1 Pre-Project Data Analyses and Characterizations 

3.1.1 Hydrogeologic Characterization 

The hydrogeologic setting for wetland development in northern Minnesota, including the Mine 
Site and the TSF location, is defined by poor drainage of unconsolidated materials and low 
transmissive bedrock. Limited drainage and moisture surplus allows for the formation of 
wetlands. The Mine Site is characterized by ground moraine overlying undulating shallow 
bedrock positioned in between wetlands that are prominent across the Mine Site.  

Upland unconsolidated deposits consist of undifferentiated till (ground moraine) that are 
heterogeneous bouldery till units which range from very dense clay to well-sorted sand. These 
unconsolidated deposits are typically poorly sorted and contain numerous cobbles and boulders 
(Barr, 2006). They are generally thin in total depth (<20 feet) and are strongly influenced by the 
topography of the bedrock surface. Thinner or missing (outcrop) overburden deposits 
correspond to bedrock highs and thicker outwash material that filled pre-existing depressions. 
The proposed TSF is positioned within similar physiographic features, although much of the 
area has been reworked by historical mining activities.  

The elevated nature of bedrock in the central portion of the Mine Site relative to the 
unconsolidated phreatic surface provides hydraulic restrictions to shallow groundwater flow in 
the unconsolidated materials. The restriction of shallow groundwater flow causes heads within 
shallow bedrock to be elevated relative to the heads within the unconsolidated materials. As a 
result, upward vertical hydraulic gradients from bedrock to the unconsolidated deposits are 
observed in these areas. Areas where bedrock extends above the inferred high and low phreatic 
surfaces at the Mine Site are denoted on Figures 3-1 and 3-2, respectively. While flows within 
the central portion of the Mine Site are restricted, uninterrupted flow are observed on the west 
side of the planned West Pit and the pooled groundwater north of the planned East Pit. The 
Partridge River represents a sink for shallow groundwater flow on the north, east, and south 
sides of the Mine Site. While phreatic surfaces have not been developed around the proposed 
TSF area, groundwater flow in the Plant Site/TSF area is inferred to discharge to Wyman Creek, 
Second Creek, and the Embarrass River.  

Field testing of the various unconsolidated deposits at the Mine Site found hydraulic 
conductivity values from 0.012 to 31 feet per day (Barr, 2015). Bedrock units have hydraulic 
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conductivities that are generally two or more orders of magnitude less than overburden. The 
lone exception is the Biwabik Iron Formation, which yields similar hydraulic conductivity values 
as overburden materials, enough to locally act as a water source. The hydraulic connection 
between bedrock and the surficial aquifer is relatively weak at the Mine Site (Barr, 2007) and 
anticipated to be similar within undisturbed areas surrounding the TSF. This is due to the 
difference in hydraulic conductivity values of unconsolidated deposits and bedrock which 
exceeds several orders of magnitude. In addition, the weak hydraulic connection is the result of 
the distinct physical properties of generally distributed flow within the unconsolidated deposits 
(intergranular flow in porous media) versus flow in irregularly spaced fracture sets with varying 
degree of connectivity and storage within bedrock. Drawdown in bedrock will not necessarily 
propagate upward into the surficial aquifer across the same area as in bedrock because of the 
weak hydraulic connection that the bedrock has with the saturated unconsolidated materials.  

3.1.2 Groundwater/Surface Water Interactions with Wetlands 

At the Mine Site, the flat/gently sloping topography of the glacial outwash plains along the 
Partridge River and Yelp Creek promote slow water movement and maintenance of saturated 
conditions for long periods. The low annual evapotranspiration rates relative to precipitation, 
which are characteristic of Northern Minnesota's continental climate (Wright et al., 1992), yield a 
moisture surplus, especially during cool, wet periods over the last 5,000 to 6,000 years (Wright 
et al., 1992). This allowed organic matter to accumulate faster than it could decompose, leading 
to the formation of thick peat deposits (Wright et al., 1992).  

Specific hydrogeologic characteristics determine whether wetlands are ombrotrophic (mainly 
precipitation fed) or minerotrophic (mainly groundwater fed). Ombrotrophic wetlands develop 
over time as peat spreads across flat or gently sloping ground in a process of paludification, 
which raises its surface and hydraulically isolates new bog material from mineralized 
groundwater underneath. The matted decaying organic material prevents runoff, interflow, and 
yields little downward seepage. The hydraulic isolation and acidic-producing decaying organic 
material is continually reinforced, which creates its unique oxygen-poor and acidic water 
chemistry that rely primarily on precipitation (rain and snow) for water. Bog waters have low 
transmission rates and contribute little to local groundwater systems recharge (Wright et al., 
1992).  
 
The water source for minerotrophic wetlands is from a mixture of upwelling and/or discharging 
groundwater from underlying and/or adjacent hydrogeologic units, as well as source water from 
surface water runoff, direct precipitation, and minimal seepage from bogs. The inward flow of 
groundwater and surface water runoff provides dissolved minerals, resulting in near-neutral pH 
and a more nutrient-rich environment than bogs. Regardless, groundwater and wetland 
hydrology head levels indicate weak hydraulic connections. The extent of the ombrotrophic and 
minerotrophic wetlands at the Mine Site are illustrated on Figure 2-2. No bogs have been 
identified within the Plant Site.  

Minerotrophic wetlands are observed to occur primarily within: 1) the central portion of the Mine 
Site; and 2) in a large upgradient wetland complex northwest of the PRSF and the OSLA 
(northwest of the planned mine pits and Yelp Creek). Most of the nested groundwater 
monitoring data near the minerotrophic wetland areas indicate upward hydraulic gradients from 
bedrock to the unconsolidated deposits (Attachment 1). This indicates mineralized groundwater 
is flowing upwards from bedrock to the unconsolidated deposits and may contribute to the 
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wetland hydrology. Most of the central Mine Site minerotrophic wetlands will be directly 
impacted, and the adjacent wetlands (i.e., southwest of monitoring well nest GW419/GW525) 
will be susceptible to potential indirect impacts. Minerotrophic wetlands immediately northwest 
of the PRSF, beyond the Impact Area, need to be evaluated although the impacts may be limited 
since hydraulic gradient controls are planned for the PSRF.  

Water quality plots and correlation diagrams included in Attachment 2 indicate that the relative 
proportions of groundwater, wetland water, and surface water sources largely span similar 
ranges of constituent concentrations that indicate a dynamic mixing of surface water, 
mineral-enhanced groundwater, and mineral-deficient rainwater (meteoric water). For example, 
water quality data from different water-source types, including shallow groundwater, surface 
water, as well as water from coniferous swamps, alder thickets, and shallow marshes, indicated 
similarities when evaluated using statistical fingerprinting. The datasets highlight variability in 
each water-source type but overall indicated a continuum of overlapping constituent 
concentrations. The major exceptions were noted for water from isolated, acid-generating bogs. 
Coniferous bog water had low alkalinity concentrations, low variability, and low pH values. 
Stable isotopes of oxygen and hydrogen, including oxygen-18 and deuterium, were also 
evaluated since they vary in composition depending on evaporation, precipitation, and 
groundwater interaction. The wide range of isotopic values suggested high spatial variability 
and complex mixing of groundwater, surface water, surface water runoff, and wetland water (of 
various types), as illustrated in Attachment 2.  

3.2 Analogous Site Data Evaluations 

Insights relevant to the NorthMet Project’s assessment of potential indirect wetland impacts 
were derived from studying numerous analogous wetland/dewatering sites. The primary 
lessons learned from review of several mining sites in the general area with similar 
hydrogeologic setting (including Cleveland-Cliffs Minorca's East Reserve Mine pit, the Canisteo 
Pit, U.S. Steel’s Minntac Mine pit, etc.) are that model predicted potential hydrology impacts 
have been historically overestimated compared to observed outcomes during the progression 
of mining activities. Numerous wetlands continue to exhibit the depth and duration of wetland 
inundation despite close proximity to bedrock dewatering occurrences because of very weak 
hydraulic connections between the hydrology of wetlands, the surficial aquifer, and the 
saturated bedrock. 

Maintenance of wetlands close to mine dewatering operations in similar hydrogeological 
settings of low conductive bedrock are observed throughout the Canadian Shield. Studies 
indicate that deep seepage in bogs and fens showed greatest variation from natural systems, 
however, in nearly every analogous study, it was found that wetland hydrologic conditions were 
being maintained in wetlands just outside of the direct impact area where dewatering occurred 
(as close as 700 feet to the pits). Additionally, groundwater fluctuations caused by seasonal 
and climatic variations outweighed dewatering-related drawdowns throughout the cone of 
depression. This analysis helps to contextualize and assist in developing model-based 
predictions, particularly in terms of identifying where predictive models can be used to develop 
a risk-based scheme for future monitoring.  
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3.3 Conceptual Site Model Summary  

The hydrogeologic setting of NorthMet Project wetlands is defined by moisture surplus 
combined with poor drainage of thin unconsolidated materials that overlie low transmissive 
bedrock. In areas, such as the central portion of the Mine Site, where the bedrock surface is 
elevated and restricts shallow groundwater flow, upward movement of groundwater from the 
bedrock into the overlying deposits has been observed. However, the hydraulic connection 
between bedrock and the unconsolidated deposits is relatively weak (Barr, 2007) due to the 
difference in media type and hydraulic conductivities that differ by several orders of magnitude. 
As a result, drawdown in bedrock will not necessarily propagate upward into the surficial aquifer 
across the same area as in bedrock because of the weak hydraulic connection the bedrock has 
with the saturated unconsolidated materials.  

Water quality fingerprinting implied a continuum of overlapping constituent concentrations that 
indicate dynamic mixing between different water-source types, including shallow groundwater, 
surface water, as well as water from coniferous swamps, alder thickets, and shallow marshes. 
 
Specific hydrogeologic characteristics determine whether wetlands are ombrotrophic or 
minerotrophic. Ombrotrophic wetlands develop hydraulically isolated from mineralized 
groundwater through paludification and have low transmission rates and contribute little to 
local groundwater. Minerotrophic wetlands are sourced from a mixture of upwelling 
groundwater, surface water runoff, precipitation, with minimal seepage. The inward flux of 
groundwater and surface water runoff provides dissolved minerals, resulting in more nutrient-
rich environment and more-neutral water than ombrotrophic bogs, even though the groundwater 
and wetland hydrology head levels indicate weak hydraulic connections (i.e., low rates of 
interflow). 

The weak hydraulic connection between wetland hydrology and underlying groundwater, as well 
as the weak hydraulic connection between saturated unconsolidated deposits and bedrock are 
the reasons hydrologic conditions are being maintained in analogous wetlands just outside of 
direct impact areas where dewatering has occurred.  

Although the CSM has a firm technical basis, CSMs are generally being refreshed and evolved 
over time as they become better informed by additional information. They are conceptual and 
based on the present understanding. Although they form a significant component of the 
modeling framework, there is always potential for uncertainties. Section 5 – Uncertainty Review 
and Management outlines these uncertainties and the proposed modeling approach to address 
them. 
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4. Potential Indirect Impact Predictive Analyses 

The following section presents the planned approach and methods that will be used for 
numerical modeling of wetland hydrology to identify potential indirect wetland impacts. It also 
describes how the modeling results—specifically, predictions of hydrologic changes—will be 
evaluated and applied. The evaluation of model results will define the criteria to be used to 
translate numerical modeling results to graded priorities discussed in Section 2.3. These graded 
priorities will be established in the context of potential indirect wetland impacts on various 
aspects of wetland hydrology and the contributing watershed(s) for planning of future 
monitoring efforts.  

Predictive modeling will be used to simulate NorthMet Project-induced changes to the regional 
hydrological system. Potential variations to wetland hydrology will be assessed based on 
evaluating changes to the contributing groundwater, nearby stream flow, and changes to 
watershed areas. The modeling will be used to predict water level changes at the Mine Site and 
TSF locations and evaluate the exchange of water between wetlands and groundwater/surface 
water as a supporting line of evidence to develop priorities for monitoring of potential indirect 
wetland impacts. 

4.1 Modeling Approach 

The conceptual framework of existing NorthMet Project area wetland hydrology was developed 
and refined using available NorthMet hydrology data presented in Section 3. The following 
modeling approach provides details related to how and which numerical modeling methods and 
analyses will be performed for simulating and assessing potential impacts to wetland hydrology 
associated with NorthMet Project activities. Specifically, the scope of modeling and analysis 
during implementation of the Work Plan includes: 

1. Incorporation of wetlands into groundwater and surface water models. 
  

2. Pre-Project numerical modeling: 
a. Baseline (i.e., Pre-Project Existing Conditions) groundwater model with wetlands  
b. Baseline surface water model with wetlands 

  
3. Potential NorthMet Project-related changes to wetland hydrology and potential indirect 

wetland impact prediction modeling:   
a. Due to mine dewatering and drawdown/flux related changes in wetland hydrology 
b. Due to changes in watershed areas contributing flow to the wetlands 
c. Due to changes in stream flows for streams adjacent to and interacting with 

wetlands  
 

4. Post-closure wetland modeling at the Mine Site and the TSF areas. 

The refined CSM and numeric modeling approach will help define the site-specific dynamics of 
wetland hydrology throughout the spatial coverage and temporal changes of the NorthMet 
Project. The CSM-based predictive modeling for the NorthMet Project will simulate changes in 
wetland hydrology resulting from NorthMet Project-induced alterations to contributing 
groundwater, nearby stream flow, and watershed area changes. The modeling will be used to 
predict water level changes at the Mine Site and Plant Site/TSF areas. Additionally, changes in 
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hydrologic fluxes between the wetlands and other components of the hydrologic cycle such as 
groundwater and surface water are considered as a supporting line of evidence to strengthen 
the assessment of potential impacts. For the execution of the Work Plan, two modeling 
software packages will be used: 

◆ MODFLOW, developed by the U.S. Geological Survey, is a modular finite-difference 
groundwater flow model that is recognized globally as the standard for simulating 
groundwater systems and their interactions with surface water. The software enables 
hydrogeologists to construct numerical representations of aquifer systems, evaluate 
groundwater movement, and forecast responses to both natural and engineered 
changes.  

◆ PCSWMM, developed by Computational Hydraulics International, is a professional water 
modeling software built on the U.S. Environmental Protection Agency’s (USEPA) 
SWMM5 engine and offers a powerful platform for hydrologic and hydraulic modeling 
and simulating and analyzing stormwater, wastewater, and watershed systems. 

Details on the proposed MODFLOW and PCSWMM approach are defined below. 

4.1.1 Incorporation of Wetlands into MODFLOW 

Previous groundwater models from the Prior Regulatory Process for the NorthMet Project were 
constructed with eight horizontal layers that represented unconsolidated surface deposits 
(Layer 1) and bedrock (Layers 2 through 8). In previous models, recharge was applied to the 
uppermost active model layer where recharge to the water table naturally occurs from the 
infiltration of precipitation. Two different recharge zones represented unconsolidated materials 
in Layer 1, including wetland and non-wetland (upland) areas as illustrated on Figure 4-1.  

The new groundwater model will update the previous groundwater models and split model 
Layer 1 into several additional horizontal discrete layers, representing wetlands as an upper 
boundary condition. Outside and below wetland areas, the remaining cells will be divided into 
zones based on known or inferred hydrogeological information from surficial geology mapping, 
boring log data from upland and wetland monitoring points, as well as hydrogeologic 
interpretation. Hydraulic conductivity within each zone will be simulated as heterogeneous 
materials using the “pilot points” methodology for spatial parameterization. Pilot (calibration) 
points will be set at known conductivity values from hydraulic testing results, where possible. 
The pilot points will serve as unconsolidated deposit calibration targets for parameter 
estimation solutions during calibration. Two models would be created, one for the Mine Site and 
one for the TSF. 

The additional MODFLOW layers are intended to provide more detailed conceptual to numeric 
definition to the unconsolidated materials, including development of weak hydraulic 
connections between water in wetlands and groundwater (in the unconsolidated deposits and 
bedrock) where appropriate as observed in pre-Project and analog data. Additional layers 
representing unconsolidated deposits would provide more accurate transient solutions of water 
movement during the NorthMet Project construction, operations, and closure/post-closure 
conditions than a single layer due to the higher resolution of vertical discretization. However, the 
revised model configuration will require a detailed sensitivity analyses of the properties (i.e., 
stratigraphy, thickness, and hydraulic conductivity) of underlying unconsolidated deposits to 
consider spatial and vertical variations in the heterogeneous materials.  
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The new groundwater model will represent wetland systems using General Head Boundary 
(GHB) or equivalent model boundary condition within the steady-state (pre-Project) groundwater 
models for both the Mine Site and the Plant Site/TSF areas. This approach offers a practical 
and efficient method for simulating wetland-groundwater interactions at a regional scale, where 
site-specific wetland modeling is not feasible. It has traditionally been the most common 
method to incorporate wetland systems into groundwater flow models (Restrepo, Montoya, and 
Obeysekera, 1998). GHB nodes allow wetlands to be defined as boundary conditions with 
minimal data requirements, using only head elevation and conductance values. Overall, the key 
advantages of using GHB nodes for wetlands are the computation efficiency, reduced data 
requirements, intuitive conceptualization, adaptability to different wetland types, ability to define 
wetland as a boundary condition, and enhanced calibration benefits (Teasdale, Zhang, and Elliot, 
2010). 
 
While GHB nodes do not simulate complex surface water dynamics such as overland flow or 
evapotranspiration, these limitations are addressed through integration with PCSWMM surface 
water modeling. Adjacent streams will be represented using River (RIV) cells informed by 
PCSWMM outputs, which account for watershed changes and stream flow variations. If 
calibration to wetland stage and groundwater levels proves insufficient using GHB, alternative 
boundary conditions such as Drain (DRN) or RIV cells may be considered. These options will be 
evaluated during model calibration to ensure accurate representation of wetland hydrology and 
potential indirect impacts. 
 
Initial flow model calibration will establish steady-state groundwater, surface water, and wetland 
hydrologic conditions using local hydrologic and hydrogeologic data, running the flow model, 
and comparing the computed hydraulic heads with the observed head conditions. Input data are 
then varied within established data ranges until computed hydraulic heads closely compare to 
observed heads. This iterative procedure will be used to calibrate each of the flow models until 
residual errors are less than or equal to a 10% root mean square error. Flooded cells will be 
evaluated with reference to proximity to surface water bodies, alignment with wetlands, and 
flooded cell heads. In addition, the calibration will evaluate the match to observed conditions 
both qualitatively and quantitatively. Potentiometric contour lines will be used to assess the 
match to the understanding of inferred flow conditions. After manual calibration is achieved, the 
nonlinear parameter estimation program PEST (Doherty, 2010) will be used to improve accuracy 
and reduce uncertainty of the manually calibrated model. Transient calibration will utilize 
recharge variations to assist in matching the observed fluctuations of surface water, 
groundwater, and wetland heads. Furthermore, long-term pumping tests that were conducted in 
the Mine Site will be used to adjust modeling input parameters. 
 
Transient modeling will use annual stress periods aligned with the life-of-mine schedule, which 
reflects yearly changes in pit configuration as outlined in the Mine Plan. 
 

4.1.2 Watershed Areas and Runoff Yield 

Existing (pre-Project) wetland delineations will be used to identify and group wetland types 
whose water balances are most likely dominated by flows originating from surface water, 
groundwater, or direct precipitation. This grouping would largely be based on wetland 
vegetation and type. For those wetlands adjacent to proposed disturbed area footprints and 
likely dominated by surface water, such as deep marsh, shallow marsh, shallow open water, 
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shrub swamp, and hardwood swamp classifications per Eggers and Reed (2014), watershed 
areas draining to the wetlands will be determined. For contiguous wetland complexes that are 
comprised of a mix of wetland types, individual watershed delineations for each wetland type 
within the larger wetland complex may be problematic. In those instances, the watershed type 
of the larger complex will be used.  

Ratios of watershed areas to wetland areas will then be calculated for pre- and 
post-construction conditions, and the percent changes will be compared to established change 
thresholds (20%) to determine potential indirect wetland impacts. 

4.1.3 Stream Flow/Wetland Interaction 

Wetlands abutting rivers and tributaries adjacent to the disturbed area footprints will be 
evaluated for potential indirect wetland impacts due to stream flow/stage changes. Previous 
XP-SWMM models for the Partridge River will be leveraged for this analysis. The pre-Project 
model will remain unchanged from that analysis, with the exception of conversion to the more 
current PCSWMM software platform to allow for its use for NorthMet Project conditions 
modeling.  

The PCSWMM model for the Partridge River will then be advanced over the life of mine. The 
pre-Project model will be updated with the proposed mine plan and will be used to determine 
flow and stage changes between the existing conditions and mine operations conditions over 
the life of the mine. Stream reaches with flow/stage changes of magnitude greater than 
changes associated with natural variability, in reaches abutting wetland areas, will be evaluated 
for further assessment of potential indirect wetland impacts.  

An initial assessment, as described above, was performed for the preparation of this Work Plan, 
using the previous XP-SWMM model. Average annual Partridge River flows (as well as the range 
and overall average) at monitoring locations SW002 (MDNR gage #03155005) and SW003 
(MDNR gage #03155002) for water years 2015 through 2024 are shown in Table 4-1. Also 
shown are the maximum modeled flow changes (%) during the maximum footprint of the mine 
pits and rock storage facilities. Projecting those percent-flow changes to the average annual 
flow (MDNR gage) under existing conditions shows that the change in river flow near SW002 
and SW003 was 0.65 and 0.76 cubic feet per second (cfs), respectively. These flows were then 
compared to the natural variability in stream flow. Table 4-1 shows that the difference between 
the maximum and minimum average daily flows for SW002 and SW003 were 218.3 and 
198.7 cfs, respectively. The projected changes in stream flow calculated above (0.65 and 
0.76 cfs) were found to be 0.30% and 0.38% of the natural variability observed at SW002 and 
SW003, respectively. These minimal projected changes in flows are indistinguishable from the 
natural variability observed in the gage data. 

A similar approach would be used for streams adjacent to the TSF, particularly Second Creek 
and Wyman Creek. A PCSWMM model of streams in the area has not been developed to date 
but will be evaluated during future analysis in this area. If a PCSWMM model is not warranted, 
an analysis of flow/stage in the streams will instead be conducted by watershed runoff and 
channel hydraulics evaluations and will be calibrated to the gaged data recorded from these 
streams. Flow changes between the pre- and post-construction activities will then be compared 
to background variability to determine if the potential for indirect impacts to the wetlands 
abutting streams exists.  
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Table 4-1  
Partridge River Flow Comparison 

Water Year 

SW002 
MDNR 03155005 

SW003 
MDNR 03155002 

Avg Annual Flow (cfs) 

2015 NA 11.3 

2016 NA 22.9 

2017 NA 21.1 

2018 NA 15.5 

2019 12.7 20.2 

2020 12.1 16.3 

2021 8.75 10.5 

2022 14.0 17.1 

2023 8.56 15.4 

2024 16.8 22.0 

Average (cfs) 12.1 17.2 

Difference between Daily Max and 
Min (cfs)1 

218.3 198.7 

Phase 3 change from Existing 
Conditions (%)2 

-5.38 -4.42 

MDNR avg annual flow x Phase 3 
modeled change (cfs) 

0.65 0.76 

(MDNR avg annual flow x Phase 3 
modeled change) / Daily Flow 
Variation (%) 

0.30% 0.38% 

1 Maximum daily flow minus Minimum daily flow between 2015-2024. Prepared by: MAN 
2 Per XP-SWMM model for PFS (avg daily mean). Checked by: BJS1 
avg = average  
Max = maximum  
Min = minimum 
NA = no data available 

 

4.2 Evaluation of Modeling Results 

The numerical modeling approach described in Section 4.1 will be used to simulate NorthMet 
Project-related changes to surface and groundwater flows and water fluxes/interactions with 
wetlands during NorthMet Project construction, operation, and closure/post-closure. The 
modeling results will be used to identify measurable indicators from potential hydrological 
disturbances and their impact on hydrologic connectivity. The graded indicators established on 
the matrix included in Section 2.3 will be used to prioritize monitoring efforts.  
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4.2.1 Potential Impacts Due to Changes in Wetland Hydrology Associated with 
Mine Dewatering  

Advancement of the open pit mine and backfilling will be simulated as decreasing or increasing 
drain elevations configured as annual stress periods during the life of mine. Hydraulic head 
changes will be analyzed to assess the cone of depression, especially as the expansion of 
drawdown enters wetland areas. Areas within the cone of depression (as measured as 1-foot 
less than static conditions) will have some potential for indirect impacts to overlying wetlands.  

An increase in downward groundwater movement resulting from reduced bedrock hydraulic 
heads caused by mine dewatering will be an indicator of potential impact to area wetlands. If 
this change exceeds 15% compared to background conditions (but less than 25%), a moderate 
priority will be assigned to these wetland areas. Low priority areas will be defined as areas that 
indicate more than 5% increase in downward flux (but less than 15%). Simulated wetland fluxes 
that are less than 5% variation from baseline values will not likely have potential indirect 
impacts to wetland hydrology. Due to the annual progression of mine-related activities, 
evaluation of wetland stages will be estimated at no-finer resolution than yearly stress periods 
with a minimum of six time-steps within each year. The transient groundwater modeling will 
isolate mine dewatering as the sole-change in regional hydrology and evaluate potential 
impacts while holding other factors (such as changing recharge, river stage, and seasonal water 
level fluctuations) constant. 

4.2.2 Potential Impacts Due to Changes in Wetland Hydrology Associated with 
the Tailings Storage Facility  

Potential indirect wetland impacts in the vicinity of the TSF will account for changes in area 
groundwater levels caused by embankment construction, dewatering, and tailings deposition, 
followed by closure/post-closure maintenance of the TSF. The Plant Site consists of various 
buildings, reservoirs and stormwater ponds, thickener tanks, stormwater ditches, and other 
miscellaneous infrastructure along with the TSF. The TSF, located between Second Creek and 
Wyman Creek, south of Dunka Road, consists of four historical pits (Pit A, Pit B, Pit C, and Pit D) 
as illustrated on Figure 2-3. These pits will be dewatered prior to disposal and storage of the 
NorthMet Project-generated mine tailings through Mine Year 5. After Mine Year 5, the tailings 
will be deposited within a constructed embankment for the TSF. Pit 3 will be maintained as a 
water reservoir. Wetlands outside of directly impacted areas face potential indirect impacts, 
such as lowered groundwater levels, altered watershed flows, fragmentation or variations in 
source water quality.  

Preliminary modeling will be conducted to evaluate potential impacts from Pit 3 water level 
fluctuations resulting from its usage in water management activities. This model will assess 
whether Pit 3 water level fluctuations could influence downstream hydrology in Wyman Creek 
wetlands. Inclusion of further Pit 3 analyses in the Plant Site/TSF area assessment will depend 
on initial findings, as no wetlands are immediately adjacent to Pit 3. 

Numerical modeling for the Plant Site/TSF area will be conducted similarly to the Mine Site, 
using a similar approach and modeling tools. Wetland hydrology will be simulated as an 
integrated hydrologic function during TSF construction, which will include dewatering, and 
various stages of head build-up within the TSF. Modeling results will be evaluated using the 
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matrix provided in Section 2.3 to assist in guiding priorities for potential mitigation and/or future 
wetland monitoring.  

Dewatering of the TSF pits will be simulated as decreasing drain elevations configured as 
annual stress periods. Hydraulic head changes will be analyzed to assess the hydrologic area of 
impact (as measured as 1-foot less than static conditions) and will be assigned to have very low 
priority, at the minimum, for monitoring potential indirect impacts to overlying wetlands. In the 
same manner as the Mine Site, an increase in downward groundwater movement resulting from 
reduced heads caused by any needed TSF pit dewatering will dictate indicators for wetland 
monitoring. If the change in downward movement exceeds 15% of background conditions (but 
less than 25%), a moderate priority will be assigned to these wetland areas. Low priority areas 
will be defined as areas that indicate more than 5% increase in downward flux (but less than 
15%). Downward wetland fluxes that are less than 5% of baseline rates will not likely have 
potential indirect impacts to wetland hydrology.  

NorthMet Project-related modifications to the TSF will be simulated to progress on an annual 
basis. As a result, assessment of quantitative outputs such as wetland stages and fluxes will be 
evaluated using the annual stress period results. Factors such as changing recharge, river 
stage, and seasonal water level fluctuations will be held constant while NorthMet 
Project-related activities are varied annually.  

4.2.3 Potential Impacts Due to Changes in Watershed Areas Associated with 
Wetlands 

For those wetlands adjacent to proposed disturbed area footprints and with water inflows likely 
dominated by surface water, the associated watershed area changes due to the disturbed 
conditions will be determined. The footprints during full build-out (i.e., maximum disturbed area 
over the operating life of the mine and TSF) will be used in this analysis. The wetlands to be 
analyzed for potential impacts based on watershed changes are identified for the Mine Site and 
the TSF on Figures 4-2 and 4-3, respectively. The wetlands identified on these figures were 
selected based on the criteria that: 1) a portion of the wetland or watershed (or both) would be 
disturbed by the construction footprint; or 2) that they are located adjacent to a stream 
downstream of construction, and the stream has not yet been modeled for potential changes in 
flow. This analysis did not include wetlands identified as bogs, since, as previously discussed, it 
was assumed that they receive the majority of their water input from direct precipitation.  

Ratios of watershed areas to wetland areas will be calculated for the proposed conditions, as 
was done under existing conditions. The equivalent flow and an equivalent flow yield will again 
be determined. The watershed/wetland ratios and runoff yield during mine operations will then 
be compared with existing conditions to determine those wetlands with the highest potential for 
indirect impacts. As was done with previous permitting efforts, an equivalent runoff yield 
change of 20% will be used as a threshold to identify potential indirect wetland impacts.  

4.2.4 Potential Impacts Due to Changes in Stream Flow 

Wetlands abutting rivers and tributaries adjacent to the disturbed area footprints will be 
evaluated for potential indirect impacts due to stream flow/stage changes. Stream flow under 
existing and life-of-mine conditions will be modeled in PCSWMM (or other hydrology/hydraulics 
analysis, as applicable), as described in Section 4.1.3.  
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Potential indirect impacts to wetlands abutting the streams will be assessed based on the 
stream flow/stage changes (from model results) relative to the background variability in stream 
flow (from gage data). Lower priority stream reaches will include those where the modeled flow 
change is less than 20% beyond background fluctuations. Based on previous modeling, it is 
anticipated that flow changes would remain well below the 20% threshold. 

4.2.5 High Priority Areas 

Areas that have a high priority of potential changes in wetland hydrology leading to potential 
indirect wetland impacts will be determined through various measurable indicators using the 
groundwater and surface water modeling results, as summarized in Section 2.3.  

The groundwater modeling predictions will be compared to three indicators of wetland 
hydrology change, including: 1) reversal of hydraulic gradients between wetlands and the 
surrounding groundwater or surface water for wetlands abutting stream; 2) change in water 
fluxes; and 3) wetland location relative to the cone of depression where water table is drawn 
down. High priority areas will be wetlands that have a change in wetland water balance 
exceeding 25% compared to pre-Project conditions. These changes will be reviewed in context 
of the changes induced by natural variability by assessing against historical wetland data. 

Using the surface water modeling results, high priority areas will be identified from a change in 
runoff area to the wetlands that are greater than 20% of pre-Project levels.  

4.2.6 Potential Indirect Impact Locations/Acreages 

Spatial analyses will be conducted to accumulate the groundwater and surface water modeling 
results that have been applied to potential indirect impact graded priorities. Based on the 
modeled indicators, wetlands will be identified as high priority, moderate priority, low priority, 
very low priority, or outside priority areas. Wetlands will be identified based on assigned 
priorities to assist in developing monitoring strategies. Priorities do not imply a measure of 
potential indirect wetland impact, rather information from simulations that should be 
considered as part of future monitoring strategies.   
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5. Uncertainty Review and Management  

Uncertainty is an inherent aspect of water resource modeling due to the complexity and 
variability of natural hydrogeologic, surface water, and wetland systems. No model can perfectly 
replicate the full range of hydrologic processes occurring in the subsurface or surface 
environments. In the context of mining projects, where potential dewatering, tailings storage 
and management, and watershed changes may affect wetland hydrology, the development of 
CSM and subsequent numerical modeling is an important tool for potential impact assessment. 
Uncertainty within the quantity and quality of site specific and regional data and simplifying 
assumptions, as well as uncertainties within the proposed numerical modeling efforts are 
summarized below. Efforts to frame and manage these uncertainties are discussed in 
Section 5.3. 

5.1 Data Limitations  

While regional datasets are valuable for informing the wetland CSMs and supporting numerical 
simulations, they present limitations when applied to site-specific evaluations, particularly for 
assessing potential indirect wetland hydrology impacts. The proposed modeling platforms rely 
on simplified representations of natural hydrologic processes, and while both regional and local 
data will be used, local datasets will be prioritized to improve model calibration and accuracy 
near the Mine Site and Plant Site/TSF areas. Data limitations increase with distance from these 
core areas, where fewer site-specific measurements are available and hydrologic features must 
be generalized, although the likelihood of potential impacts also decreases with distance from 
the core areas. 

Although historical wetland data near the Mine Site are extensive, coverage is less robust 
around the TSF area, requiring extrapolation and potential supplemental data collection. 
Additionally, representative subsurface and hydraulic testing data for the TSF area are currently 
lacking and will need to be incorporated into updated models. To isolate the effects of mine-
related activities, non-mining parameters (such as ambient changes not induced by mining) will 
not be simulated in potential wetland impact assessments. Sensitivity and uncertainty analyses 
will address variability in regional precipitation and evaporation, with further details provided in 
Section 5.3. 

5.2 Modeling Uncertainties 

There are inherent uncertainties that arise from the use of a mathematical model to represent a 
physical system. Uncertainties range from the accuracy of the underlying mathematical 
representation of the physical system to the uncertainties in field measurements and the 
adequacy of the model calibration. As with other mathematical models of complex 
environments, the groundwater and surface water flow models provide simplified 
representations of the natural system.  

For the groundwater models, the most significant simplification is the assumption that fractures 
in bedrock are often not explicitly modeled, instead, an equivalent porous media approach 
represents the bedrock units; and that similar hydrostratigraphic controls are valid throughout 
the model domain. Additional uncertainties within the groundwater model include: 

◆ Oversimplification of vertical connectivity between overburden and bedrock.  
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◆ In deeper bedrock, hydraulic conductivities are assigned uniformly or zonally, ignoring 
small-scale variability. 

◆ Complex unconsolidated depositional environments and local heterogeneities in 
conductivities may be omitted or generalized.  

◆ Boundaries (e.g., no-flow, constant head) are idealized and may not reflect dynamic or 
diffuse conditions. 

◆ Recharge is applied as a uniform or simplified zonal rate with limited spatial variability 
due to land cover, topography, or soil type. 

◆ Discharge to wetlands or streams may be simplified based on model boundary 
conditions. 

◆ Calibration is based on available monitoring data, which may not be representative of 
the full range of conditions. 

Another simplification will be used to account for NorthMet Project impacts during 
construction, operation, and closure/post-closure where potential NorthMet Project-related 
impacts to the hydrologic systems will be represented as averaged over annual stress periods, 
rather than modeling hydrologic changes at smaller time frequencies. As a result, potential 
changes to hydrology of wetlands will be assessed using annual model predictions.  

The most significant surface water model simplifications include:  

◆ Land cover, soil type, and the associated roughness coefficients that are estimated on a 
watershed scale may omit or generalize local heterogeneities. 

◆ Precipitation and the resulting infiltration or runoff are applied uniformly across a 
watershed, not accounting for any spatial variability associated with localized rainfall 
totals, land cover, topography, or soil type. 

◆ Model calibration is based on available monitoring data, which may not be 
representative of conditions across the entire watershed and model. 

5.3 Uncertainty Management 

Predictive modeling results will be accompanied by a discussion of uncertainty and input 
variability to provide context for interpreting potential hydrologic changes. Rather than relying 
on single-value predictions, a range of plausible outcomes will be presented from the model. 
This approach includes varying individual model parameters as well as combinations of inputs 
to reflect the inherent complexity of natural systems. Key parameters with greater uncertainty, 
such as hydraulic conductivity, recharge rates, surface roughness, soil types, and spatial 
heterogeneity, will be represented using the upper and lower bounds rather than fixed values. 
These distributions will be informed by available site data and expert judgment, allowing for 
multiple, equally plausible realizations of model conditions. 

Adjustment of input parameters will also include future climate-change variations so cumulative 
forecasts of uncertainty can be assessed. Forecasts and uncertainty will be discussed in terms 
of probability (numeric and/or qualitative probabilities using descriptive terms such as likely, 
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unlikely, possible, rare, or highly probable, etc.) when possible. This approach will allow 
incorporation of expert knowledge and site-specific context, and the use of qualitative 
probability descriptors will allow for easier communication to non-technical stakeholders. The 
results will provide a measure of confidence in the models’ predictions and provide a range of 
possible outcomes (with their probabilities) so that modeling can inform risk-based monitoring 
and adaptive management decisions. 
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Attachment 1 

Pre-Project Vertical Gradients   
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Monitoring Well Data
No Group 2

NorthMet Project, Minnesota

Date Year Season
GW479 Elev 
(ft NAVD88)

GW519 Elev 
(ft NAVD88)

Head Difference 
(feet)

Vertical Gradient 
(feet) Direction

3/27/2019 2019 Spring 1615.66 NA
4/18/2019 2019 Spring 1615.62 1617.68 2.06 0.0170 Up
5/7/2019 2019 Spring 1614.72 1617.01 2.29 0.0189 Up

6/14/2019 2019 Summer 1613.95 1616.20 2.25 0.0186 Up
7/24/2019 2019 Summer 1613.35 1615.84 2.49 0.0206 Up
8/14/2019 2019 Summer 1613.06 1615.63 2.57 0.0212 Up
9/11/2019 2019 Fall 1613.05 1615.90 2.85 0.0236 Up

10/16/2019 2019 Fall 1614.04 1615.33 1.29 0.0107 Up
11/18/2019 2019 Fall 1613.49 1614.79 1.30 0.0107 Up
12/11/2019 2019 Fall 1613.23 1614.06 0.83 0.0069 Up
1/14/2020 2020 Winter 1613.66 1613.53 -0.13 -0.0011 Down
2/12/2020 2020 Winter 1612.50 1613.34 0.84 0.0069 Up
3/11/2020 2020 Spring 1612.36 1614.02 1.66 0.0137 Up
4/20/2020 2020 Spring 1613.96 1613.53 -0.43 -0.0036 Down
5/12/2020 2020 Spring 1613.34 1613.13 -0.21 -0.0017 Down
6/8/2020 2020 Summer 1612.56 1612.23 -0.33 -0.0027 Down

7/14/2020 2020 Summer 1611.70 1611.92 0.22 0.0018 Up
8/19/2020 2020 Summer 1611.36 1611.43 0.07 0.0006 Up
9/15/2020 2020 Fall 1610.91 1611.57 0.66 0.0055 Up

10/22/2020 2020 Fall 1611.11 1611.92 0.81 0.0067 Up
11/17/2020 2020 Fall 1611.53 1611.21 -0.32 -0.0026 Down
12/21/2020 2020 Fall 1610.99 1613.04 2.05 0.0169 Up
9/26/2023 2023 Fall 1612.24 1608.54 -3.70 -0.0306 Down
1/30/2024 2024 Winter 1612.75 NA
4/29/2024 2024 Spring 1614.19 1613.63 -0.56 -0.0046 Down

11/27/2024 2024 Fall 1612.09 1613.08 0.99 0.0082 Up
Prepared by: BNK

Vertical Gradients between wells GW479 and GW519 Min. -0.0306 Checked by: GMB
Midpoint of screen: GW479 12 ft bgs Ave. (all data) 0.0067
Midpoint of screen: GW519 133 ft bgs Max. 0.0236
Vertical separation: 121 feet

%Upward: 70.8
%Downward: 29.2

%Neutral: 0.0
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No Group 2 (continued)
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Monitoring Well Data
No Group 3

NorthMet Project, Minnesota

Date Year Season
GW477 Elev 
(ft NAVD88)

GW517 Elev 
(ft NAVD88)

Head Difference 
(feet)

Vertical Gradient 
(feet) Direction

5/18/2020 2020 Spring 1605.15 1605.77 0.62 0.0051 Up
6/17/2020 2020 Summer 1605.06 1605.65 0.59 0.0048 Up
7/10/2020 2020 Summer 1604.94 1605.55 0.61 0.0050 Up
8/27/2020 2020 Summer 1604.92 1605.57 0.65 0.0053 Up
9/24/2020 2020 Fall 1604.78 1605.38 0.60 0.0049 Up

10/12/2020 2020 Fall 1604.94 1605.54 0.60 0.0049 Up
11/23/2020 2020 Fall 1605.11 1605.71 0.60 0.0049 Up
5/25/2023 2023 Spring 1605.03 1605.68 0.65 0.0053 Up
8/31/2023 2023 Summer 1604.82 1605.37 0.55 0.0045 Up
4/24/2024 2024 Spring 1605.39 1605.89 0.50 0.0041 Up
12/7/2024 2024 Fall 1604.93 1605.55 0.62 0.0051 Up

Prepared by: BNK
Vertical Gradients between wells GW477 and GW517 Min. 0.0041 Checked by: GMB
Midpoint of screen: GW477 13 ft bgs Ave. (all data) 0.0049
Midpoint of screen: GW517 135 ft bgs Max. 0.0053
Vertical separation: 122 feet

%Upward: 100.0
%Downward: 0.0

%Neutral: 0.0
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No Group 3 (continued)
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Monitoring Well Data
No Group 4

NorthMet Project, Minnesota

Date Year Season
GW409 

(NAVD88)
GW524

(NAVD88)
Head Difference 

(feet)
Vertical Gradient 

(feet) Direction

3/26/2019 2019 Spring 1537.12 NA
4/16/2019 2019 Spring 1542.19 1537.67 -4.52 -0.0891 Down
5/14/2019 2019 Spring 1545.33 1538.95 -6.38 -0.1257 Down
6/21/2019 2019 Summer 1545.03 1538.81 -6.22 -0.1226 Down
7/23/2019 2019 Summer 1544.48 1538.27 -6.21 -0.1224 Down
8/15/2019 2019 Summer 1543.33 1537.76 -5.57 -0.1098 Down
9/12/2019 2019 Fall 1542.42 1537.15 -5.27 -0.1038 Down

10/22/2019 2019 Fall 1543.41 1538.26 -5.15 -0.1015 Down
11/7/2019 2019 Fall 1543.62 1538.16 -5.46 -0.1076 Down

12/23/2019 2019 Fall 1542.67 1537.69 -4.98 -0.0981 Down
1/9/2020 2020 Winter 1542.49 1537.62 -4.87 -0.0960 Down

2/25/2020 2020 Winter 1541.57 1536.92 -4.65 -0.0916 Down
3/12/2020 2020 Spring 1541.38 1536.90 -4.48 -0.0883 Down
4/21/2020 2020 Spring 1543.01 1537.64 -5.37 -0.1058 Down
5/7/2020 2020 Spring 1544.08 1538.21 -5.87 -0.1157 Down
6/4/2020 2020 Summer 1544.21 1538.30 -5.91 -0.1165 Down

7/23/2020 2020 Summer 1542.31 1537.41 -4.90 -0.0966 Down
8/19/2020 2020 Summer 1541.64 1537.08 -4.56 -0.0899 Down
9/25/2020 2020 Fall 1540.27 1536.11 -4.16 -0.0820 Down

10/26/2020 2020 Fall 1540.29 1536.44 -3.85 -0.0759 Down
11/19/2020 2020 Fall 1540.47 1536.83 -3.64 -0.0717 Down
12/14/2020 2020 Fall 1540.26 1536.53 -3.73 -0.0735 Down
9/25/2023 2023 Fall 1541.20 1536.53 -4.67 -0.0920 Down
1/24/2024 2024 Winter 1541.13 1536.85 -4.28 -0.0843 Down
4/30/2024 2024 Spring 1536.09 1536.93 0.84 0.0166 Up

Prepared by: BNK
Vertical Gradients between wells GW409 and GW524 Min. -0.1257 Checked by: GMB
Midpoint of screen: GW409 10 ft bgs Ave. -0.0935
Midpoint of screen: GW524 60.75 ft bgs Max. 0.0166
Vertical separation: 50.75 feet

%Upward: 4.2
%Downward: 95.8

%Neutral: 0.0
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No Group 4 (continued)
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Attachment 2 

Pre-Project Water Quality Analyses 



NewRange
 Water Quality Finger-Printing

Data Notes
Locations without a wetland designation were removed.
Analytes with less than 7 samples, across all sample types (i.e., Overburden GW, Coniferous bog,
Coniferous swamp, Alder thicket, Shallow marsh, Surface Water) were not used in analysis.
All non-detect results were set to half their Reporting Limit.
pH has been converted to H+ concentration to simplify plotting 

Higher H+ concentration equals lower pH (pH = -log10([H+]))
Non-parametric statistics were primarily run to reduce assumptions needed and data wrangling
required.

Exception is Pearson Correlation Coefficient that is calculated assuming a linear relationship.
.

Useful References
Site Maps

Abbreviations:
Cond. = specific conductance
D = dissolved
DO = dissolved oxygen
DOC = dissolved organic carbon
GW = groundwater
T = total
"Overburden" monitoring wells refer to the unconsolidated deposits.

~ Foth 

• 
• 

• 
• 

0 

• 

0 

Data Review 
• Analytes USED in later finger-printing are: Alkalinity (T) II Calcium II Cond. , Field II DO, Field II DOC II 

H+, Field II Magnesium II Mercury (D) II Potassium II Sodium II Sulfate 

o All other analytes do not meet threshold of 7 per sample type. 

• Note, bedrock GW data was removed from fingerprinting process as it only has 5 

matching analytes to other data types above the count threshold. Three of which are field 

parameters. 

mailto:sawyer.mcfadden@foth.com
mailto:sawyer.mcfadden@foth.com


Analyte Counts
All analytes listed occur at least once across all data sets are listed below and counts shown for
review and re-consideration to be included in the finger-printing.
If no bar is shown for a sample type in a bar plot it means there is no samples for that analyte at that
sample type.

Alkalinity (T)
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Calcium
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

• 

• 

Line(s): Sample Count Threshold (7) 

Surface Water 

Shallow marsh 

Alder thicket 

Coniferous swamp 

Coniferous bog 

Overburden GW 

Bedrock GW 

10 100 

Sample Count 



Dissolved Organic Carbon
Sample Count Threshold : All groups must have >=7 to be considered for signature finger-printing.

Cobalt
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Calcium 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line{s): - Sample Count ThreshOld (7) 
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Dissolved Organic Carbon 
Sample Count Threshold : All groups must have >=7 to be considered for signature finger-printing. 

Llne(s): - Sample Count Threshold (7) 

Shalow men;h 

Alder thicket 

Coniferous swamp 

Con,ferous bog~ 

Overburden GW 

BedrockGW 

10 100 
Sample Count 



Conductivity, Field
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Copper
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Cobalt 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Count Threshold (7) 
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Conductivity, Field 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Semple Count Threshold (71 
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Hardness (T)
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Magnesium
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Copper 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Coum Threslleld (7) 
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Hardness (T) 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

line(s): - Sample Count Threslleld (7) 
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Mercury (D)
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

CH3Hg (D)
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Magnesium 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample CO<Jnt Threshold (7) 
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Mercury (D) 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 
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Line(s): - Sample Count Threshold (7) 
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Dissolved Oxygen, Field
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

H+, Field
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

CH3Hg (D) 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Count Threshold (7) 
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Dissolved Oxygen, Field 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sampe Count Thrnhold (7) 
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Potassium
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Sodium
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

H+, Field 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Count Threshold (7) 
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Potassium 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Surface Waler 

Shalow marsh 

Alder thicket 

Coruferous swamp 

C:00,ferous bog 

Overburden GW 

BedrockGW 

Line(s): - Sample Count Threshold (7) 
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Water Levels (ft)
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Sulfate
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Sodium 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 
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Line(s): - Sa~ Count ThreshOld (7) 
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Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Count Threshold (7) 
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δ18O
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

δ2H
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing.

Sulfate 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample CountThreshold (7) 
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0180 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Count Threshold (7) 
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o2H 
Sample Count Threshold: All groups must have >=7 to be considered for signature finger-printing. 

Line(s): - Sample Count Threshold (7) 
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Pearson Test
This checks for an explicit straight line linear correlation

Legend for Pearson Test & Kendall Test (next page)

• Upper-right of grid: correlation test results 

o Correlation values have additional notation based on p-values: 

■ ***: if the p-value is < 0.001 

• "**": if the p-value is < 0.01 

• "*": if the p-value is < 0.05 

• ".": if the p-value is < 0.10 

• Diagonal of grid: density plots of analyte distributions by sample type (i.e., smoothed histograms) 

o Transparency has been increaed on these plots to assist in seeing all curves. 

• Lower-left of grid: scatter plots and rolling average, both colored by sample type. 



Kendall Test
This checks for a monotonic correlation (i.e., consistently increasing or decreasing regardless of model)

Normalized Values Fingerprinting
OPEN PLOTS IN NEW WINDOW (right-click)

All values in the following plots have been normalized to the site wide median for each
analyte.

i.e., (Sample Values)/(Site Wide Median), so a value a of 10 means a sample values is 10x that
of the site-wide median
Site wide median is the median of all data, by analyte, regardless of sample type, location,
time, etc…

Polar Plots - Sample Type Panes
Different shapes in polar plots indicate different chemical signatures.
Shapes closer to an even sided polygon, at a the radial value of 1, are closer to the site-wide median.
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Summary Lines
Dashed lines are 25th and 75th quantiles.
Solid line is the median for a given analyte+sample type (values closer to one are closer to the site
wide median).

Median Line + Boxplots
Boxplot width (along circular axis) differences is an artifact from plotting them in polar coordinates and
should be ignored.
Solid line is the median for a given analyte+sample type (values closer to one are closer to the site
wide median).
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Median Line + Violin Plots
Violin plots are smoothed histograms of the data set with peaks reflected across the long axis. The
25th and 75th percentile are presented as lines within each violin plot.
Solid line is the median for a given analyte+sample type (values closer to one are closer to the site
wide median).
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Polar Plots - Analyte Panes
Different shapes in polar plots indicate different chemical signatures.
Shapes closer to an even sided polygon, at a the radial value of 1, are closer to the site-wide median.

Summary Lines
Dashed lines are 25th and 75th quantiles.
Solid line is the median for a given analyte+sample type (values closer to one are closer to the site
wide median).

Median Line + Boxplots
Boxplot width (along circular axis) differences is an artifact from plotting them in polar coordinates and
should be ignored.
Solid line is the median for a given analyte+sample type (values closer to one are closer to the site
wide median).
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Median Line + Violin Plots
Violin plots are smoothed histograms of the data set with peaks reflected across the long axis. The
25th and 75th percentile are presented as lines within each violin plot.
Solid line is the median for a given analyte+sample type (values closer to one are closer to the site
wide median).
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Normal Space
Boxplots

Violin Plots
Violin plots are smoothed histograms of the data set with peaks reflected across the long axis. The
25th and 75th percentile are presented as lines within each violin plot.
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25th and 75th quantiles are shown as horizontal lines in each violin.

Seasonality Review
Review of seasonality in time across all months reported in an analyte’s data set.The month in a given year
is plotted (i.e., a sample from Jan-2020 and Jan-2022 would be both be plotted on the x-axis as “Jan”)

Points: individual reported analyte values
Lines: Rolling average line

Groundwater from Unconsolidated Deposits
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Coniferous bog

Coniferous swamp
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Shallow marsh
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STABLE ISOTOPE PLOT (PART 1)

POTENTIAL INDIRECT WETLAND IMPACT MODELING WORK PLAN
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