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3.7 Water Resources

3.71  Groundwater Quantity and Groundwater-Dependent
Ecosystems

3711 Introduction

This section describes the analysis and predicted

effects on the groundwater-dependent ecosystems | Natural water features are scarce and important
(GDEs), public and private water supply wells, to Tribes, wildlife, residents, and recreationists.
and subsidence from dewatering. The Resolution Copper Project could affect both
water availability and quality in several ways.
Resolution Copper has monitored the quantity and | In order to construct mine infrastructure,

quality of water in streams, springs, and riparian dewatering of the deep groundwater system
areas as far back as 2003. Dozens of wells were below Oak Flat began in 2009, and would
installed for the sole purpose of understanding the | ¢ontinue through mining. As the block caving and
local and regional hydrogeology, not just below subsidence progress, eventually the effects of

g dewatering would extend to overlying aquifers.
Oak Flat but thrm(llghout the region. 11;0 lassess Changes in these aquifers, as well as capture of
1mpacts on groundwater resources, the long runoff by mine facilities and the subsidence area,
history of baseline data collection was considered could in turn affect springs, flowing streams, and

Overview

holistically alongside riparian areas. In addition to loss of water, water
] ) quality changes could result from stormwater
e the large geographic area involved; runoff, tailings seepage, or exposure of rock in

the block-cave zone.

e the complex geology and multiple
aquifers, including the incorporation of
the block caving itself, which would fundamentally alter the geological structure of these aquifers
over time;

o the long time frames involved for mining (decades) as well as the time for the hydrology to adjust
to these changes (hundreds of years); and

o the fact that even relatively small changes in water levels can have large effects on natural
systems.

A numerical groundwater flow model is the best available tool to assess groundwater impacts. Like all
modeling, the Resolution Copper Mine groundwater model requires great care to construct, calibrate, and
properly interpret. The Forest Service collaborated with a broad spectrum of agencies and professionals
over several years to assess the groundwater modeling. This diverse group (see section 3.7.1.2) vetted the
construction, calibration, and use of the groundwater model, and focused on understanding any sensitive
areas with the potential to be negatively affected, including Devil’s Canyon, Oak Flat, Mineral Creek,
Queen Creek, Telegraph Canyon, Arnett Creek, and springs located across the landscape. The Forest
Service refers to such areas as GDEs, which are “communities of plants, animals, and other organisms
whose extent and life processes are dependent on access to or discharge of groundwater” (U.S. Forest
Service 2012b).

Just as much care was taken to understand the limitations of the groundwater model. Specific model
limitations are described in section 3.7.1.2 and reflect a careful assessment of how the results of a
groundwater model can reasonably be used, given the uncertainties involved.

The Forest Service undertook a two-part strategy to manage uncertainty. First, all GDEs were assumed to
be connected with the regional aquifers (and therefore potentially affected by the mine) unless direct
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evidence existed to indicate otherwise. Second, regardless of what the model might predict, a monitoring
plan would be implemented to ensure that actual real-world impacts are fully observed and understood.

This section analyzes impacts on GDEs and local water supplies from dewatering and block caving, the
amount of water that would be used by each alternative, the impacts from pumping of the mine water
supply from the Desert Wellfield, and the potential for ground subsidence to occur because of
groundwater pumping. Some aspects of the analysis are briefly summarized in this section. Additional
details not included here are in the project record (Newell and Garrett 2018d).

Changes from the DEIS

We received a number of technical comments on the groundwater modeling effort used in the DEIS.

We assessed these comments with the assistance of the reconvened Water Resources Workgroup. Many
of the comments represented alternative modeling choices but not errors in the modeling process (Garrett
2020¢e). A review of these comments resulted in several clarifications and additions to this section,
including details of baseline conditions and model calibration.

This section incorporates updated information with respect to springs and hydrologic conditions at the
Skunk Camp location. We added further discussion of the development of the Desert Wellfield model in
the East Salt River valley, and a refined analysis of potential subsidence impacts in that area.

The cumulative effects analysis was revised for the FEIS to better quantify impacts. It is described in
detail in chapter 4 and summarized in this section. We received numerous comments concerned with
water use by the mine and potential water scarcity due to drought, future meteorological trends, and
competing water uses. The cumulative effects analysis now includes an expanded discussion of these
issues. Mitigations developed between the DEIS and FEIS are summarized in appendix J and, if
applicable to water quantity, are analyzed for effectiveness in this section.

Changes from the January 2021 Rescinded FEIS

A number of changes have been made since January 2021 in response to comments. These include
additional assessment of subsidence impacts, an analysis of the potential for indirect impacts affecting the
San Carlos Apache Reservation and the Cutter Basin, and an expanded analysis of the number of wells
that could be impacted by drawdown associated with the mine and the Desert Wellfield. The discussion of
Arizona water law, and other pertinent laws, has also been expanded.

Changes to mitigation plans since January 2021 have been incorporated and assessed, revisions have been
made to the cumulative effects analysis based on updates to the list of potentially reasonably foreseeable
actions, and the section has been updated to reflect analysis of consistency with the new “Tonto National
Forest Land Management Plan,” implemented in December 2023.

3.71.2 Analysis Methodology, Assumptions, and Uncertain and Unknown
Information
Analysis Area

The analysis area for assessing impacts on groundwater quantity and GDEs comprises the groundwater
model boundary for the mine site (figure 3.7.1-1) as well as the groundwater model boundary for the East
Salt River valley model (figure 3.7.1-2). Models were run up to 1,000 years in the future, but as described
below, quantitative results were reasonably applied up to 200 years in the future.

Some public comments expressed concern that the southern boundary of the East Salt River valley model,
which corresponds to the boundary between the Phoenix AMA and the Pinal AMA, is inappropriate
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because some level of drawdown from the Desert Wellfield is still anticipated at this location.

The Phoenix AMA/Pinal AMA boundary is based on a hydrogeologic divide between two distinct
groundwater basins. This is the reason that boundary was selected as the domain of the groundwater
model and the limit of the groundwater resource analysis area. However, note that the potential for project
drawdown to overlap with other drawdown and projects farther south in the Pinal AMA is considered in
the cumulative effects analysis in chapter 4.

Modeling Process

In September 2017, the Tonto National Forest convened a multidisciplinary team of professionals,
referred to as the Groundwater Modeling Workgroup. The Groundwater Modeling Workgroup included
Tonto National Forest and Washington-level Forest Service hydrologists, the groundwater modeling
experts on the project NEPA team, representatives from ADWR, AGFD, the EPA, the San Carlos Apache
Tribe, and Resolution Copper and its contractors. This group included not only hydrologists working on
the groundwater model itself, but also the biologists and hydrologists who have conducted monitoring in
the field and are knowledgeable about the springs, streams, and riparian systems in the project vicinity.
The Groundwater Modeling Workgroup tackled three major tasks: defining sensitive areas, evaluating the
model and assisting the Tonto National Forest in making key decisions on model construction and
methodology, and assisting the Tonto National Forest in making key decisions on how to use and present
model results.

A new Water Resources Workgroup convened in January 2020, following receipt of public comments on
the DEIS. The reconvened Workgroup assisted the Tonto National Forest in assessing public comments
related to water resources, including groundwater modeling, water quality and water quality modeling,
and monitoring and mitigation. The Workgroup’s efforts led to numerous requests for additional data,
clarification, and analysis from the modelers, in order to inform the responses to the comments and the
use of the model. Workgroup members disagreed with the approaches taken by the Tonto National Forest
on some issues. These disagreements, as well as the results and proceedings of the reconvened Water
Resources Workgroup, are documented in several summary memos (BGC Engineering USA Inc. 2020b;
Garrett 2020j).
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SELECTED MODEL APPROACH

The groundwater model selected for the project is the MODFLOW-SURFACT program, selected in part
because of the ability to change aquifer properties over time because of the effects of the block caving.
This computer program code specifically was selected for use on this project for several reasons:
“MODFLOW-SURFACT has the advantages of being more numerically stable when solving for
groundwater flow in systems with steep hydraulic gradients and large differences in hydraulic
conductivity across short distances, and in systems where drying and rewetting of model cells occurs.
MODFLOW-SURFACT has been used on numerous large, complex mining projects, and is the most
appropriate code for this project” (WSP USA 2019).

The assessment of the model by the Groundwater Modeling Workgroup, as well as the assessment of the
conceptual hydrologic model upon which the numerical model is based, can be found in the technical
memorandum summarizing the workgroup process and conclusions (BGC Engineering USA Inc. 2018d,
2020b). A description of the model construction can be found in WSP USA (2019). Predictive and
sensitivity results can be found in Meza-Cuadra et al. (2018b) and Meza-Cuadra et al. (2018c).

Comments were received on the appropriateness of the groundwater model boundaries for the mine site.
As seen in figure 3.7.1-1, the model boundaries were based roughly on watershed boundaries—a common
practice for modeling as this often defines groundwater divides. However, the boundaries also represent
important hydrologic conditions and geologic divides as well.

e The northeastern model boundary roughly represents the edge of the Apache Leap Tuff and
Whitetail Conglomerate against the Pinal Schist and other less permeable igneous and
metamorphic rocks (see “Indirect Effects to Cutter Basin” later in section 3.7.1 for a regional
geographic map and cross section).

e The model boundaries on the western part of the model largely represent the relatively permeable
units of the Superior Basin (Gila Conglomerate), which are surrounded by less permeable igneous
and metamorphic rocks.

o The eastern and southeastern model boundary lie along Lyons Fork and Mineral Creek. These
model boundaries were selected because they represent reasonable groundwater flow divides.

Part of the vetting of the groundwater model by the Groundwater Modeling Workgroup was to assess
whether the selection of these boundaries might affect the groundwater modeling results. The boundaries
were found to be reasonable with very little influence on the model outcomes (BGC Engineering USA
Inc. 2018d, 2020b). These conclusions are based on two separate assessments. The first assessment
considered those boundaries known as “general-head boundaries”. These boundaries are important to
assess because they allow water to flow in or out of the groundwater model, depending on the
groundwater levels. If drawdown encroaches on a general-head boundary, more water will be added into
the model, potentially resulting in the model underestimating drawdown impacts. The assessment
concluded that the flow across the model boundaries was not substantial, up to 27 gallons per minute
combined across all boundaries, compared to a dewatering pumping of 1,065 gallons per minute (Meza-
Cuadra and Oliver 2018; Resolution Copper 2018a).

The second assessment converted all of the boundaries to no-flow boundaries, allowing no water in or out
of the model. While not necessarily realistic, this ensures that boundaries are not allowing inflows that
might reduce drawdown. This primarily increased drawdown in the northeast part of the model, for
instance increasing anticipated drawdown in proxy well HRES-06 from about 10 feet to about 14 feet
(Meza-Cuadra et al. 2018c¢). This sensitivity run is incorporated into the range of results described in this
section.
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IDENTIFYING AND DEFINING GROUNDWATER-DEPENDENT ECOSYSTEMS

The Groundwater Modeling Workgroup developed the list of GDEs based on multiple sources of
information; it ultimately evaluated in detail 67 different locations (Garrett 2018¢). Any riparian
vegetation or aquatic habitat around the GDEs is considered an integral part of the GDE.

It is important to understand that the list of GDEs assessed in detail was derived from a much wider list of
potential spring locations. Potential spring locations were originally evaluated from eight separate
available data sources (Rietz 2017), resulting in a list of over 1,000 possible springs within 20 miles of
the project site. However, most of these spring locations are not perennial and cannot actually be located
on the landscape. Spring locations based on available maps and databases may be artifacts of historic
water conditions, may be incorrectly mapped, or may represent seasonal or ephemeral water sources.

By contrast, the types of springs that stand to be impacted by mine drawdown are those that have
persistent water because they are connected to a regional aquifer system. For this reason, while historical
maps and available databases were useful starting points, field surveys were required to verify which
springs persistently exist on the landscape (WestLand Resources Inc. and Montgomery and Associates
Inc. 2018, 2020). These field-verified springs represent the type of persistent GDEs with the potential for
connections to regional aquifers and were then carried forward as part of the 67 GDEs assessed in detail.

The source of water for each GDE is important. Most of the 67 GDE locations the Groundwater Modeling
Workgroup assessed were identified because of the persistent presence of water, year-to-year and season-
to-season. In most cases this persistent water suggests a groundwater connection; however, the specific
type of groundwater is important for predicting impacts on GDEs. There are generally two regional
aquifers in the area: the Apache Leap Tuff, and the deep groundwater system. Any GDEs tied to these
two aquifers have the potential to be impacted by mining. The deep groundwater system is being and
would continue to be actively dewatered, and once block caving begins the Apache Leap Tuff would
begin to dewater as well.

In addition to the regional groundwater systems, another type of groundwater results from precipitation
that is temporarily stored in near-surface fractures or alluvial sediments. While temporary, this water still
may persist over many months or even years as it slowly percolates back to springs or streams or is lost to
evapotranspiration. These near-surface features are perched well above and are hydraulically
disconnected from both the Apache Leap Tuff aquifer and the deep groundwater system; therefore, this
groundwater source does not have the potential to be impacted by mine dewatering. However, changes in
the surface watershed could still affect these shallow, perched groundwater sources. Predictions of
reductions in runoff caused by changes in the watershed are discussed in section 3.7.3; these changes are
also incorporated into this section (3.7.1) in order to clearly identify all the combined effects that could
reduce water available for a GDE.

Identifying whether a GDE derives flow from the deep groundwater system, the Apache Leap Tuff, or
shallow, perched aquifers was a key part of the Groundwater Modeling Workgroup’s efforts. Several lines
of evidence helped determine the most likely groundwater source for a number of GDEs: hydrologic and
geological framework, inorganic water quality, isotopes, riparian vegetation, and the flow rate or presence
of water. However, many more GDEs had little or no evidence to consider, or the evidence was
contradictory. In these cases the Forest Service policy is to assume that a GDE has the potential to be
impacted (Garrett 2018e; Newell and Garrett 2018a). In addition to identifying GDEs, the Groundwater
Modeling Workgroup identified three key public water supply areas to assess for potential impacts from
the mine.

After completion of the DEIS, additional field inventories were undertaken to identify other GDEs in the
vicinity of the Skunk Camp tailings storage facility. Several additional springs were identified; however,
no impacts to these springs by the facility footprint or changes in groundwater quantity are anticipated
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(WestLand Resources Inc. and Montgomery and Associates Inc. 2020). Potential changes in groundwater
and surface water quality as a result of tailings seepage is assessed in section 3.7.2.

EVALUATING THE MODEL AND MODELING APPROACH

The Groundwater Modeling Workgroup reviewed the work done by WSP (a contractor of Resolution
Copper) and assisted the Tonto National Forest in determining the appropriate methodologies and
approaches that should be used. In practice, this consisted of an open, iterative process by which the
Groundwater Modeling Workgroup requested data, the data were prepared and presented, and the results
and meaning were discussed in Groundwater Modeling Workgroup meetings. All fundamental parts of
developing a numerical groundwater flow model were discussed: developing a conceptual model,
numerical model construction, model calibration, model sensitivity, model predictive runs, and model
documentation. The results and conclusions of the Groundwater Modeling Workgroup’s effort are
documented in a final Groundwater Modeling Workgroup report (BGC Engineering USA Inc. 2018d).
Results and conclusions of the post-DEIS reconvened Water Resources Workgroup are documented as
well (BGC Engineering USA Inc. 2020b; Garrett 2020j).

The conceptual understanding of the hydrogeology and the geological framework of the area is
fundamental to developing a valid groundwater flow model. A separate but related workgroup focused
specifically on the geological data collection and interpretation, and the subsidence modeling. The results
of this workgroup are discussed in Section 3.2, Geology, Minerals, and Subsidence, and documented in a
final workgroup report (BGC Engineering USA Inc. 2018a). Several team members collaborated in both
workgroups and facilitated sharing of information.

After receiving input from the Groundwater Modeling Workgroup, the Forest Service and its contractors
ultimately determined that WSP’s groundwater model, as amended and clarified over the course of the
workgroup meetings, is a reasonable and appropriate tool for assessing hydrologic changes.

MODEL CALIBRATION

One specific topic raised in public comments is the calibration of the groundwater model. The selected
approach for predicting project impacts requires three different steps: a steady-state model run to provide
starting water levels representative of 1910; a transient model run between 1910 and 2016 used to
calibrate the model; and predictive transient model runs.®® The predictive transient models are described
in more detail in the section below titled “Summary of Models Used for Mine Site Dewatering/Block
Caving Effects.”

Few details exist for groundwater levels in 1910, so the calibration target for the steady-state model was
to attempt to replicate what was known about the general hydrology of the area, particularly where
groundwater discharge was present in Queen Creek above Superior. The resulting steady-state water
levels, calibrated in this way, form the starting point for the transient calibration run from 1910 to 2016.
Ultimately, given the long time frame (over 100 years), the initial steady-state water levels in 1910 have
relatively little effect on the transient modeling results.

Multiple calibration targets were used for the 1910-2016 transient calibration runs. These included:

e Groundwater levels. Groundwater levels formed the primary means of calibration for the transient
model, with a strong focus on the time period from 1998 to 2016, which was a period of intensive
monitoring of groundwater levels. Ultimately this calibration data set consisted of over

83 A “transient” model run occurs over a specified period of time, with each time step using the model results from the previous

time step as a starting point. A “steady-state” model has no time component, and the model simply runs until all the inflows
and outflows specified in the model reach a balance.
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5,900 measurements at 93 different locations. These calibration targets were assessed statistically
and visually (scatter plots and hydrographs comparing field-measured versus modeled water
levels).

e Groundwater contours. Groundwater levels also were qualitatively assessed by comparing the
modeled contours to real-world conditions, to identify how well gradients and flow directions
match.

e Aquifer tests. Numerous aquifer tests were conducted by Resolution Copper as part of
hydrogeologic characterization efforts. Two of these tests were particularly long: HRES-20
(90 days) and HRES-09 (23 days). These aquifer tests were replicated using the groundwater
model, which is largely useful for calibrating storage parameters.

e  Water budget. Groundwater models are built on a conceptual model, which is an understanding of
the general characteristics of inflows to, and outflows from, an aquifer. A large part of the
conceptual model is the water budget. Water budget components are estimated in a variety of
ways, including field measurements. Part of the calibration approach is to compare the water
budget from the calibrated model to the original conceptual model to identify what components
have changed, and whether they still conform to field observations.

e Model fluxes. A primary purpose of the groundwater model at the mine site is to predict potential
impacts to sensitive GDEs that have ties to the regional aquifers, including springs and perennial
streams like Devil’s Canyon and Mineral Creek. There are multiple ways to model
groundwater/surface water interactions. Regardless of the methods used, the resulting model
should qualitatively replicate the location and extent of surface water flows dependent on
groundwater. This comparison was done in several ways, including comparing modeled flow
through drains along Devil’s Canyon to baseflow rates measured in the field, and comparing the
model-predicted groundwater discharge to the field observations of continuously saturated stream
reaches.

Ultimately, the transient calibration was successful. One common measurement used to assess calibration
success is the scaled root mean squared (RMS) error, which is in the form of a percentage. Generally,
scaled RMS error values less than 10 percent are considered acceptable, provided other qualitative
calibration targets also are reasonable. The scaled RMS error for the entire calibration data set was

3 percent, and specifically for the Apache Leap Tuff calibration data set—which represents the aquifer of
most importance to perennial waters in springs and in Devil’s Canyon—the scaled RMS error was

3.3 percent (WSP USA 2019).

Other comments received focused on the large residuals in the deep groundwater system, compared with
the residuals in the Apache Leap Tuff. “Residuals” are the difference between real-world measured
groundwater levels and modeled groundwater levels. Reviewing the residuals is an important part of
evaluating a model and forms the basis for the scaled RMS error, and are disclosed as part of the
modeling results along with other calibration statistics (WSP USA 2019). In this case:

e The overall model, which includes the deep groundwater system and the Apache Leap Tuff, has a
residual range from —387 to +681 feet, with an absolute mean residual of 91 feet. This results in
the above stated 3.0 percent scaled RMS error.

o The Apache Leap Tuff alone, which is the regional aquifer of most interest because it supplies
sensitive GDEs, has a residual range from —133 to +54 feet, with an absolute mean residual of
32 feet. This results in the above stated 3.3 percent scaled RMS error.

The most extreme residuals occur in the deep groundwater system, not the Apache Leap Tuff. However,
the range of measured water levels in the deep groundwater system is also much greater than that in the
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Apache Leap Tuff (see table 3.7.1-1 for the drawdowns observed in the deep groundwater system).
The scaled RMS error takes these differences in magnitude into account when assessing the
reasonableness of a groundwater model.

The size of the absolute mean residuals informs the precision of the groundwater model results, or the
level to which they can be relied upon. These data were reviewed carefully by the Groundwater Modeling
Workgroup when making decisions on reliability (see the “Key Decision on Use of Model Results —
Level of Precision” section below).

GEOTHERMAL GRADIENTS

Geothermal water is present at the mine site. Temperatures over 150 degrees Fahrenheit (°F) were
documented in the deep groundwater system during sampling by Resolution Copper. The groundwater
modeling does not incorporate geothermal effects and public comments raised the issue of whether
geothermal gradients would have an effect on model results. This is a legitimate concern about a
documented site-specific condition, as geothermal gradients can result in circulation within the aquifer.®
Upon close examination, we determined that the geothermal conditions would not affect the results of the
groundwater model as specifically used in the EIS.

o Impacts to GDEs result from water availability and are predicted solely through drawdown.
Geothermal gradients have no effect on the amount or presence of water, only on circulation
patterns within the aquifer.

e The huge stresses imposed by pumping to dewater the mine and the block caving itself render
geothermal effects negligible. The system is anticipated to operate under extreme hydraulic
gradients during operations.

e Geothermal gradients could be important for mixing within the block caving zone after operations
cease. We evaluated the potential for this to occur in section 3.7.2. Ultimately, the analysis in that
section shows that there are no outlets for groundwater within the block caving zone through
mine infrastructure or tunnels, natural caves, or lake formation in the subsidence crater.

KEY DECISION ON USE OF MODEL RESULTS — BASELINE CONDITIONS

The Groundwater Modeling Workgroup made four specific key decisions about how the groundwater
modeling results would be used:

1. Define appropriate baseline conditions,

2. Select an appropriate time frame for model output,

3. Select an appropriate precision for model output, and
4. Develop a strategy to deal with uncertainties.

The first key decision is how potential impacts from the mine operations are to be defined. With many
resources, this is a simple task: predicted conditions during or after mine operations are compared with
the affected environment, and the difference is considered the “impact” caused by the mine. In this case,
renewed dewatering of the deep groundwater system has taken place since 2009 to allow construction and
maintenance of mine infrastructure; this is described further in “Current and Ongoing Pumping and Water
Level Trends” later in this section. This dewatering pumping is legal and has been properly permitted by
the ADWR (see the “Current and Ongoing Pumping and Water Level Trends” section). Resolution

64 Technically speaking, changes in temperature can also affect the material properties of water which ultimately can change

properties like hydraulic conductivity, which incorporates aspects of both the aquifer materials and the fluid flowing through
them. These effects are negligible when considering the range of uncertainty in the groundwater model.
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Copper is continuing this dewatering and would continue dewatering throughout the mine life. Further,
even if the mine is not operated, Resolution Copper will continue legally dewatering to preserve its
infrastructure investment.

The Tonto National Forest made the decision to handle this situation in two ways. First, continued
dewatering of the mine would be included as part of the no action alternative. Second, the Tonto National
Forest is ensuring that any effects of the past dewatering are disclosed as ongoing trends as part of the
affected environment (Garrett 2019f).

As such, two separate models were prepared: a No Action model (with continued dewatering, but no
block caving), and a Proposed Action model (with continued dewatering and block caving as proposed).

e For the no action alternative, the potential impact from the mine is defined as the drawdown as
predicted in the no action groundwater flow model, up to 200 years after the start of mining
(see next section for discussion on time frames).

e For the action alternatives, the potential impact from the mine is defined as the drawdown
predicted in the proposed action groundwater flow model, up to 200 years after the start of
mining (see next section for discussion on time frames). However, some of the GDEs impacted
by proposed action drawdown would have been impacted by the no action alternative as well.
The GDEs anticipated to be impacted by both models are disclosed for comparison, to clearly
identify which impacts result from ongoing dewatering alone and which impacts result from the
block caving.

The selection of baseline conditions was a specific point of disagreement in the Groundwater Modeling
Workgroup. This same difference of opinion was expressed in public comments on the DEIS as well,
noting that hydrologic conditions prior to the onset of Resolution Copper dewatering were not discussed
in the DEIS, and that these pre-Resolution water levels should have been the appropriate baseline from
which to measure impacts.

Large-scale dewatering activity began at Magma Mine in 1910 and continued until 1998, with the
exception being the period between 1986 and 1989, when no significant pumping occurred. Active
mining ceased in the Magma Mine in 1996, and the underground dewatering system continued operation
until May 1998. Pumping averaged between 500 and 700 gallons per minute and resulted in over

3,000 feet of dewatering (WSP USA 2019).

The best estimate of water levels in 1910 before any dewatering is that they were at an elevation of

3,150 feet amsl (Short et al. 1943). While water levels recovered following the shutdown of dewatering in
1998, the 2009 water levels only rose to about 2,100 feet amsl, still well below the pre-1910 water levels
(WSP USA 2019).

We confirmed our choice to use the current groundwater conditions at the site as the baseline to which
project-related impacts are compared (Garrett 2018d). Aside from being the appropriate approach under
NEPA, groundwater was documented to be substantially affected by mining in the Superior area for over
a century. Selecting a past point in time as a baseline does not reflect the environment as it exists today.
However, regardless of the baseline selected to disclose project-related impacts, the drawdown caused by
past pumping by Resolution Copper is clearly disclosed in table 3.7.1-1.
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Table 3.7.1-1. Changes in groundwater head in the deep groundwater system due to dewatering

Earliest Groundwater Head Groundwater Head
Overall Change

Deep Groundwater System Wells* Elevation, in feet amsl Elevation in 2019

A i (feet)

(date shown in parentheses) (in feet amsl)

Deep groundwater system wells:
east of the Concentrator Fault within the
Resolution Graben
DHRES-01 2,090 (2009) -300 -2,390
(water level in Kvs)
DHRES-02 2,100 (2008) -580 -2,680
(water level in Kvs)
DHRES-08 1,920 (2010) 90 -1,830
(DHRES-08_-231 in Kvs)
Deep groundwater system wells:
east of the Concentrator Fault outside of the
Resolution Graben
DHRES-06 3,250 (2010) 3,240 -10
(water level in Pz [Pnaco, Me, Dm, Cb, pCdiab])
DHRES-07 3,000 (2010) 2,880 -120
(DHRES-07_-108 in Pz [Cb])
DHRES-09 2,990 (2011) 2,940 -50
(water level in pCdsq and pCdiab)
DHRES-10 N/A N/A N/A
DHRES-11 3,300 (2011) 2,780 -520
(water level in Pz and pCy)
DHRES-13 2,790 (2011) 2,670 -120
(water level in pCy and pCpi)
DHRES-14 3,510 (2012) 3,480 -30
(water level in Tw and pCpi)
DHRES-15 3,210 (2015) 3,240 +30
(water level in Dm and Cb)
Deep groundwater system wells:
west of the Concentrator Fault
DHRES-03 2,530 (2009) 2,5007 -30
(DHRES-03_335 in Tvs)
DHRES-04 2,570 (2009) 2,620 +50
(water level in Tvs)
DHRES-05B 2,620 (2010) 2,560 -60
(water level in Tal)
DHRES-16 2,320 (2014) 2,190 -130

(DHRES-16_-387 in Tal)

Source: All data taken from Montgomery and Associates Inc. and Resolution Copper (2016).
Notes: Some elevations approximated to nearest 10 feet for clarity. N/A = Data not available; ams| = above mean sea level.

Tal = Apache Leap Tuff; Tw = Whitetail conglomerate; Tvs = Tertiary sedimentary and volcanic rocks; Kvs = Cretaceous sedimentary and volcanic
rocks; Pz = Paleozoic sedimentary rocks (Pnaco = Naco formation; Me = Escabrosa limestone; Dm = Martin formation; Cb = Bolsa quartzite);
pCy = Precambrian Apache Group; pCdiab = Precambrian diabase; pCdsq = Precambrian Dripping Springs quartzite; pCpi = Precambrian Pinal
schist

* For wells with multiple monitoring depths, specific monitoring location is shown in parentheses.
1 2016 water level shown

KEY DECISION ON USE OF MODEL RESULTS - TIME FRAME

Groundwater models are generally run until they reach a point where the aquifer has sufficient time to
react to an induced stress (in this case, the effects of block caving) and reach a new point of equilibrium.
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In some systems this can take hundreds or even thousands of years. The groundwater flow model for the
Resolution Copper project was run for 1,000 years, or roughly 950 years after closure of the mine, to
approach equilibrium conditions. The Groundwater Modeling Workgroup recognized that a fundamental
limitation of the model—of any model—is the unreliability of predictions far in the future, and the
workgroup was tasked with determining a time frame that would be reasonable to assess. Based on
combined professional judgment, the Groundwater Modeling Workgroup determined that results could be
reasonably assessed up to 200 years into the future. All quantitative results disclosed in the EIS are
restricted to this time frame.

The Groundwater Modeling Workgroup also recognized that while quantitative predictions over long time
frames were not reliable, looking at the general trends of groundwater levels beyond the 200-year time
frame still provides valuable context for the analysis. In most cases, the point of maximum groundwater
drawdown or impact for any given GDE does not occur at the end of mining. Rather, it takes time for the
full impacts to be observed—decades or even centuries. Even if quantitative results are unreliable at long
time frames, the general trends in modeled groundwater levels can indicate whether the drawdown or
impact reported at 200 years represents a maximum impact, or whether conditions might still worsen at
that location. These trends are qualitatively explored, regardless of time frame. Specifically, see the
discussions titled “Longer Term Modeled Impacts” in section 3.7.1.4. These qualitative discussions
include impacts beyond the 200-year time frame for springs, Devil’s Canyon, Queen Creek, Telegraph
Canyon, Arnett Creek, and water supplies.

Time frames are only pertinent for transient models. Some public comments suggest that alternative
approaches could have been used for the EIS analysis, either using a steady-state model to predict post-
mine conditions or simply assuming that post-mine conditions would eventually (many centuries in the
future) return to pre-mining conditions. Neither of these approaches is supportable for predicting impacts
from the mine.

Steady-state modeling requires aquifer conditions and boundary conditions that are unchanging and in
equilibrium. Regarding the mine, the use of block caving will incrementally change the aquifer
characteristics over time during operations. Additionally, the amount of pumping is anticipated to change
during operations. A transient model that allows for these changes is the only approach that can predict
the groundwater levels as conditions change during operations. A steady-state model conceivably could
have been used after operations cease to predict post-closure conditions. However, the modeling suggests
equilibrium in the aquifer likely will not be achieved for over 1,000 years. Any results from a steady-state
model would take place beyond 1,000 years. Thus, we considered such results to be remote and
speculative.

Modeling could be avoided entirely if the assumption could be supported that post-mine conditions would
eventually return to pre-mining conditions. This will never occur. Block caving is anticipated to
fundamentally alter the hydrogeologic framework of the aquifer system, effectively eliminating the
Whitetail Conglomerate unit that to date has separated the deep groundwater system from the Apache
Leap Tuff aquifer. There is no expectation that the post-mine aquifer system eventually will look the
same as it does today. Modeling is the most appropriate tool to predict how an altered aquifer system,
fundamentally different from current conditions, would function.

KEY DECISION ON USE OF MODEL RESULTS - LEVEL OF PRECISION

Numerical groundwater models produce highly precise results (i.e., many digits beyond the decimal
point). Even in a well-calibrated model, professional hydrologists and modelers recognize that there is a
realistic limit to this precision, beyond which results are meaningless. The Groundwater Modeling
Workgroup was tasked with determining the appropriate level of precision to use for groundwater
modeling results.
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Based on combined professional judgment, the Groundwater Modeling Workgroup determined that to
properly reflect the level of uncertainty inherent in the modeling effort, results less than 10 feet should not
be disclosed or relied upon, as these results are beyond the ability of the model to predict. For values
greater than 10 feet, the Groundwater Modeling Workgroup decided to use a series of ranges to further
reflect the uncertainty: 10 to 30 feet, 30 to 50 feet, and greater than 50 feet. Regardless of these ranges,
the quantitative modeled results for each GDE are still provided in the form of hydrographs (see

appendix L). Several strategies were developed to help address the uncertainties associated with the
groundwater modeling results, as described in the remainder of this section.

The precision of the results (10 feet) also reflects the inability of a regional groundwater model to fully
model the interaction of groundwater with perennial or intermittent streams (see BGC Engineering USA
Inc. (2018d) for a full discussion). This limitation means that impacts on surface waters are based on
predicted groundwater drawdown, rather than modeled changes in streamflow. Note that while we are not
relying quantitatively on modeled water levels less than 10 feet, the hydrographs included in appendix L
of the EIS still qualitatively show all modeled drawdown, including drawdowns less than 10 feet.

KEY DECISION ON USE OF MODEL RESULTS — STRATEGIES TO ADDRESS UNCERTAINTY

Two key strategies were selected to deal with the uncertainty inherent in the groundwater model: the use
of sensitivity model runs and the use of monitoring. The model runs used to predict impacts are based on
the best-calibrated version of the model; however, there are many other variations of the model and model
parameters that may also be reasonable. Sensitivity model runs are used to understand how other ways of
constructing the model change the results. In these sensitivity runs, various model parameters are
increased or decreased within reasonable ranges to see how the model outcomes change. In total,

87 model sensitivity runs were conducted, in addition to the best-calibrated version of the model.

Because of the uncertainty and limitations of the model, the Groundwater Modeling Workgroup decided
that it would be most appropriate to disclose not only impacts greater than 10 feet based on the best-
calibrated model, but also impacts greater than 10 feet based on any of the sensitivity runs. The predicted
model results disclosed in this section represent a range of results from the best-calibrated model as well
as the full suite of sensitivity runs. These are considered to encompass a reasonable range of impacts that
could occur as a result of the project.

As can be seen in figure 3.7.1-3, which shows the 10-foot drawdown contour that encompasses all
sensitivity runs (yellow area), some of the sensitivity runs show drawdown abutting the eastern edges of
the model domain, which is an undesirable situation for a groundwater model. This result is driven by a
single sensitivity run that looked at an increased hydraulic conductivity in the Apache Leap Tuff aquifer.
This has been taken into consideration when interpreting the model results. For some GDEzs, this
particular sensitivity run represents the sole outcome where impact is anticipated; for these, impacts are
considered possible but unlikely, given that the base case and all other model sensitivity runs show
consistent results.
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Figure 3.7.1-3. Modeled groundwater drawdown—proposed action, 200 years after start of mine
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The Groundwater Modeling Workgroup recognized that while the model may not be reliable for results
less than 10 feet in magnitude, changes in aquifer water level much less than 10 feet still could have
meaningful effects on GDEs, even leading to complete drying. The Groundwater Modeling Workgroup
explored several other modeling techniques, including explicitly modeling the interaction between
groundwater and surface water to predict small changes in streamflow, but found that these techniques
had similar limitations. To address this problem, monitoring of GDEs would be implemented during mine
operations, closure, and potentially beyond. For many of these GDEs, this monitoring effort simply
continues monitoring that has been in place from as early as 2003. Details of monitoring conducted to
date are available in the project record for springs and surface waters (Montgomery and Associates Inc.
2017d), water quality sampling (Montgomery and Associates Inc. 2016), and well construction and
groundwater levels (Montgomery and Associates Inc. and Resolution Copper 2016). If monitoring
identifies real-world impacts that were not predicted by the modeling, mitigation would be implemented.
Mitigation is not restricted to unanticipated impacts; mitigation may also be undertaken for those GDEs
where impacts are expected to occur.®

Summary of Models Used for Mine Site Dewatering/Block Caving Effects

The following groundwater flow models provide the necessary impact predictions. Each of the models
included best-calibrated, base-case modeling runs as well as sensitivity runs:

e No Action Model, Life of Mine. This model assumes that no mining occurs and that therefore no
block caving occurs that connects the Apache Leap Tuff aquifer to the deep groundwater system.
While dewatering of the deep groundwater system is assumed to continue, for the most part those
dewatering effects are confined to the deep groundwater system, and the Apache Leap Tuff
aquifer does not dewater. This model was run for 51 years, until closure of the mine.

e No Action Model, Post-closure. This model continues after 51 years, with dewatering being
curtailed at the end of the Life of Mine model. This model was run to 1,000 years, but
quantitative results are only used out to 200 years after start of the model, which is 149 years after
closure of the mine. Model results beyond 200 years are still used but are discussed qualitatively.

e Proposed Action Model, Life of Mine. This model assumes that mining and block caving occur
as proposed, along with the dewatering necessary to maintain project infrastructure. Under these
conditions, the Apache Leap Tuff aquifer becomes hydraulically connected to and partially drains
downward into the deep groundwater system. This model was run for 51 years, until closure of
the mine. The proposed action model is applicable to all action alternatives.

e Proposed Action Model, Post-closure. This model continues after 51 years, with dewatering
being curtailed at the end of the Life of Mine model. This model was run to 1,000 years, but
quantitative results are only used out to 200 years after start of the model, which is 149 years after
closure of the mine. Model results beyond 200 years are still used but are discussed qualitatively.
The proposed action model is applicable to all action alternatives.

Model Used for Mine Water Supply Pumping Effects

One additional model was part of the analysis process. Resolution Copper also ran a model to predict
pumping impacts from the water supply wellfield located along the MARRCO corridor in the East Salt
River valley. This groundwater flow model was built from an existing, calibrated, regulatory model
prepared by ADWR. In some form, this model has been used widely for basin-wide planning purposes
since the 1990s, as well as to estimate project-specific water supply impacts. This model was evaluated

8 1n appendix J of the DEIS, this mitigation was found in measure RC-211. In appendix J of the FEIS, this mitigation can be

found in measure FS-WR-01.
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for applicability to the Desert Wellfield modeling and found to be acceptable for assessing drawdown
caused by mine water supply pumping under different alternatives (Walser 2020a).

3713 Affected Environment

Relevant Laws, Regulation, Policies, and Plans

The State of Arizona has jurisdiction over groundwater use; however, the Forest Service also has
pertinent guidance on analyzing groundwater impacts, disclosing these impacts appropriately during
NEPA analysis, and managing GDEs on NFS land.

Primary Legal Authorities and Technical Guidance Relevant to
the Groundwater Analysis
e Arizona Groundwater Management Act of 1980, along with implementing regulations that
govern groundwater use within Active Management Areas

e Forest Service Manual 2520 (management of riparian areas, wetlands, and floodplains),
2530 (collecting water resource data), and 2880 (inventory and analysis of GDEs)

ARIZONA LEGAL FRAMEWORK CONCERNING WATER USE

The use of water in Arizona—from whatever source—takes place under a complex regulatory framework
designed to prioritize and manage limited water resources. There is no single author of this framework;
rather, it represents the combined outcome of four decades of intensive water management in Arizona and
in the Colorado River drainage basin.

The use of surface water and groundwater are largely separated in Arizona law. Groundwater is governed
by the authorities and restrictions put in place by the State of Arizona with the 1980 Groundwater
Management Act and furthered by subsequent legislation. These laws are administered by the ADWR and
largely govern the use of groundwater within AMAs. Within AMAs, the pumping of groundwater can
only take place in conjunction with an appropriate groundwater right or withdrawal permit. Resolution
Copper’s groundwater pumping at the mine site (dewatering) and at the Desert Wellfield both take place
within the boundaries of the Phoenix AMA and therefore must adhere to this regulatory framework. In the
Resolution Copper Project analysis area, groundwater use in groundwater basins outside of AMAs is
largely not regulated, except for the requirement that it be put to beneficial use.

The boundaries of the Phoenix AMA, Pinal AMA, and other groundwater basins are shown in figure
3.7.1-4. A cross section of the hydrogeology of the Phoenix AMA and Pinal AMA can be seen in figure
3.7.1-5. Note that the aquifers in the Phoenix AMA and Pinal AMA are hydrogeologically similar and
connected. At the southern boundary of the Phoenix AMA, groundwater flows northward out of the Pinal
AMA and into the Phoenix AMA.

Surface water use throughout the state is governed by a system of surface water rights based on the
doctrine of prior appropriation. In practice, most water sources in the state are overallocated, with many
more water rights filed than physical water exists in the system. Theoretically this is not problematic,
since in times of shortage the senior water right holders would take precedence over junior water right
holders. In practice, though, this requires that the priority dates and amounts of all surface water rights are
decided upon. For the area encompassing the Resolution Copper Project, this is a massive legal
undertaking known as the General Stream Adjudication of the Gila River. Goals of the adjudication
include clarifying the validity and priority of surface water rights and providing a clear legal framework
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for when groundwater withdrawals would impinge on surface water rights. The adjudication has been
underway for several decades, and while progress has been made, many issues remain unresolved,
including any prioritization or validation of water rights in the analysis area.

Water use in Arizona is further governed by the body of laws, treaties, and agreements known generally
as the Law of the River. This governs the contracting and use of Colorado River water delivered through
the Central Arizona Project, which is administered by the Central Arizona Water Conservation District
and the Bureau of Reclamation. At present, the availability of CAP supplies is uncertain and in flux as
Arizona and the other Colorado River basin states respond to extreme shortages on the Colorado River
and in reservoirs like Lake Mead. Note that overall regional water supplies and shortages—and the
cumulative impact of Resolution Copper’s water use—are assessed in Chapter 4, Cumulative Effects.

Several public comments expressed confusion about aspects of the Resolution Copper Project with
respect to Arizona water law and water use. The following questions and answers are provided for
clarification.

e How is Resolution Copper allowed to dewater the mine workings? Resolution Copper has
been pumping groundwater at the East Plant Site since 2009 to allow construction of underground
infrastructure. This pumping is located within the Phoenix AMA and therefore requires a
groundwater right or withdrawal permit. The current groundwater pumping for dewatering is
being conducted under a dewatering permit for mining that was issued to Resolution Copper by
ADWR (59-524492).

e How will Resolution Copper be allowed to dewater mine workings in the future? Future
pumping of groundwater at the East Plant Site will require a similar dewatering permit or may be
conducted using some other appropriate groundwater rights. For example, Resolution Copper
currently holds multiple Type 2 non-irrigation grandfathered rights that potentially could be used
in lieu of a dewatering permit (Rietz 2016b).

e  How will Resolution Copper be allowed to pump the large amount of water needed from the
Desert Wellfield? Because the Desert Wellfield is located within the Phoenix AMA, pumping
from the wellfield requires a groundwater right or withdrawal permit. About 60 percent of the
groundwater pumped will be associated with long-term storage credits already obtained by
Resolution Copper or are under agreement to obtain. Use of these long-term storage credits
legally would be considered recovered water. The remaining water would require some other
appropriate right or permit from ADWR. Resolution Copper could rely on existing Type 2 non-
irrigation grandfathered rights (Rietz 2016b), could obtain additional long-term storage credits, or
could obtain a new withdrawal permit. One possible withdrawal permit would be a mineral
extraction and metallurgical processing permit (ARS 45-514). This is a “shall issue” permit,
provided that certain conditions dictated by statute are met, and typically has a term of 50 years.
Any of these avenues are allowable under Arizona water law, but would require appropriate
application to and authorization by ADWR.

¢ How is Resolution Copper allowed to pump water from the Desert Wellfield for use
remotely at the mine site? The water supply for the Resolution Copper Project will come from
the Desert Wellfield, located in the East Salt River valley. The groundwater will then be
transported to the West Plant Site via the MARRCO corridor. There are legal restrictions in
Arizona on the transfer of groundwater between groundwater basins and subbasins. In this case,
both the Desert Wellfield and the West Plant Site are located within the same groundwater basin
(the Phoenix AMA) and the same subbasin (East Salt River valley), as shown in figure 3.7.1-4.
There is no restriction on transporting Desert Wellfield water within the same groundwater basin
and subbasin.
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e How can Resolution Copper transport the dewatering water currently being pumped away
from the Superior Basin? Water removed from the mine workings by Resolution Copper is
currently sent to the New Magma Irrigation and Drainage District, via the MARRCO corridor.
As noted in the previous bullet, while there are legal restrictions in Arizona on the transfer of
groundwater between groundwater basins and subbasins, both the current mine workings and the
New Magma Irrigation and Drainage District are located within the same groundwater basin and
the same subbasin.

e How can Resolution Copper rely on its Central Arizona Project allocation, in the face of
ongoing shortages on the Colorado River? On September 20, 2021, Resolution Copper entered
into a subcontract with the United States and the Central Arizona Water Conservation District for
an annual allocation of 2,238 acre-feet of Non-Indian Agriculture Central Arizona Project water.
Previously, it was envisioned that the Resolution Copper CAP allotment could be directly used.
This remains a possibility. In 2022, Resolution Copper’s allocation was delivered to the New
Magma Irrigation and Drainage District’s Groundwater Savings Facility, for conversion into new
long-term storage credits. Availability of the CAP allotment water in future years will be subject
to both physical availability and the terms of whatever drought contingency plans are in effect at
that time. Given the variability in supply and the need for infrastructure to access the water
directly, it appears most likely at this time that any available CAP allotment would be converted
to long-term storage credits rather than accessed directly.

e How would Resolution Copper be allowed to move water associated with tailings between
groundwater basins under the preferred alternative? The preferred alternative (Alternative 6)
involves a tailings storage facility located in a different groundwater basin than the West Plant
Site, and therefore would involve the movement of tailings as a slurry to a different groundwater
basin. The Forest Service’s understanding is that there is no legal restriction on the movement of
tailings slurry. The existing restrictions on the movement of groundwater across basin boundaries
apply to pumped groundwater, not to the products of industrial processing like tailings. Further,
the source of water for the tailings is not directly groundwater. It is from the mine processing
water circuit, which is a combination of multiple sources of water, including output from multiple
recycling loops. Similarly, process water recovered at the tailings storage facility and recycled
back to the West Plant Site is not groundwater and there is no legal restriction on the movement
of this process water.

LAWS CONCERNING FOREST SERVICE MANAGEMENT OF SPRINGS AND WATER RESOURCES

The Forest Service received comments suggesting that disclosure would be improved by discussing laws
related to spring impacts. We do not believe it would be useful to summarize the entirety of the laws and
regulations governing the administration of Forest Service lands. However, a brief discussion is included
below discussing key laws related to governing water resources that are often raised in comments.

Organic Act of 1897. The Organic Act of 1897 authorized establishment of National Forest Reserves.
The Organic Act specifies the reasons for which lands may be reserved:

No public forest reservation shall be established, except to improve and protect the forest within
the reservation, or for the purpose of securing favorable conditions of water flows, and to furnish
a continuous supply of timber for the use and necessities of citizens of the United States . . . .

The Organic Act further specifies that waters within these areas are for use:
All waters on such reservations may be used for domestic, mining, milling, or irrigation purposes,

under the laws of the State wherein such forest reservations are situated, or under the laws of the
United States and the rules and regulations established thereunder.
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The Organic Act also specifies that mining is an allowable use within these areas:

Nor shall anything herein prohibit any person from entering upon such forest reservations for all
proper and lawful purposes, including that of prospecting, locating, and developing the mineral
resources thereof: Provided, That such persons comply with the rules and regulations covering
such forest reservations.

The Organic Act effectively provided the authority for designating National Forest lands and contained
the broad outlines of what uses Congress intended for these lands, but contained little guidance on how to
manage those lands. Guidance on management of NFS lands would continue to be developed through
other legislation.

Multiple-Use Sustained Yield Act of 1960 (Public Law 86-517). The Multiple-Use Sustained Yield Act
of 1960 established the guiding principle that National Forests should be managed for multiple uses, with
discretion given to the agency to consider the value of various resources:

... it is the policy of the Congress that the national forests are established and shall be
administered for outdoor recreation, range, timber, watershed, and wildlife and fish purposes.

The Secretary of Agriculture is authorized and directed to develop and administer the renewable
surface resources of the national forests for multiple use and sustained yield of the several
products and services obtained therefrom. In the administration of the national forests due
consideration shall be given to the relative values of the various resources in particular areas.

The Multiple-Use Sustained Yield Act is silent on water resources, but as with the Organic Act, does
specify that mining within these areas is an allowable use:

Nothing herein shall be construed so as to affect the use or administration of the mineral
resources of national forest lands . . . .

Forest and Rangeland Renewable Resources Planning Act of 1974 (Public Law 93-378) and
National Forest Management Act of 1976 (Public Law 94-588). These laws establish the framework
for long-range planning by the Forest Service to ensure the future supply of forest resources while
maintaining a quality environment. These laws are silent on administration of water resources but do
“recognize the fundamental need to protect and, where appropriate, improve the quality of soil, water,
and air.”

Overall, these laws identify water as one resource to be managed on national forests but do not dictate to
the Forest Service how waters are to be managed. Rather, they establish an expectation that the Forest
Service will manage for multiple uses, and establish an expectation that sustainability and protection of
environmental quality must be considered. The regulations promulgated for NFS lands stem from these
statutes and adhere to the same principles. Priority is given to protecting water resources without dictating
how those resources are managed with other uses.
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Existing Conditions and Ongoing Trends

REGIONAL HYDROLOGIC FRAMEWORK

The project is located within a geological region known as the Basin and Range province, near the
boundary with another geological region known as the Arizona Transition Zone. The Basin and Range
aquifers generally consist of unconsolidated gravel, sand, silt, and clay, or partly consolidated
sedimentary or volcanic materials. These materials have filled deep fault-block valleys formed by large
vertical displacement across faults. Mountain ranges that generally consist of impermeable rocks separate
adjacent valleys (Robson and Banta 1995), leading to compartmentalized groundwater systems. Stream
alluvium is present along most of the larger stream channels. These deposits are about 100 feet thick and
1 to 2 miles wide along the Gila, Salt, and Santa Cruz Rivers in Arizona aquifers (Robson and Banta
1995). The hydrology of the Arizona Transition Zone is generally more complex, characterized largely by
fractured rock aquifers with some small alluvial basins.

The semiarid climate in the region limits the amount of surface water available for infiltration, resulting in
slow recharge of the groundwater with an average annual infiltration of 0.2 to 0.4 inch per year
(Woodhouse 1997). Much of this recharge occurs as mountain-front recharge, where runoff concentrates
along ephemeral channels.

GROUNDWATER IN THE ANALYSIS AREA

The analysis area contains several distinct groundwater systems, as shown on the conceptual cross section
in figure 3.7.1-6:

e QGroundwater east of the Concentrator Fault:

o ashallow, perched groundwater system
o the Apache Leap Tuff aquifer
o adeep groundwater system
e Groundwater west of the Concentrator Fault in the Upper Queen Creek watershed (10-digit HUC
1505010004):
o alluvial groundwater, primarily in floodplain alluvium along Queen Creek
o deep groundwater system in poorly permeable basin-fill sediments
The groundwater underlying most of the analysis area is within the Phoenix AMA, as defined by the
Arizona Groundwater Management Act, and is in the East Salt River valley groundwater subbasin of the

AMA, as shown in figure 3.7.1-1. Groundwater use within the AMA is administered by the ADWR
(Newell and Garrett 2018d).

Summaries of the geology of the area are found in Section 3.2, Geology, Minerals, and Subsidence; the
following discussion focuses on the hydrology and groundwater of the area.
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East Plant Site

The East Plant Site is located on Oak Flat, east of the Concentrator Fault. The Concentrator Fault is a
barrier to flow in the deep groundwater systems on either side of the fault. Groundwater characterization
wells for the shallow, perched groundwater, the Apache Leap Tuff aquifer, and the deep groundwater
system are shown in figure 3.7.1-7.

The shallow groundwater system consists of several shallow, perched aquifers of limited areal extent
hosted in alluvial deposits and the uppermost weathered part of the Apache Leap Tuff. The primary
shallow aquifers in this area are located near Top-of-the-World and JI Ranch, and to a lesser degree along
some of the major drainages such as Hackberry Canyon and Rancho Rio Canyon.

The Apache Leap Tuff aquifer is a fractured-rock aquifer that extends throughout much of the Upper
Queen Creek and Mineral Creek-Gila River watersheds (10-digit HUCs 1505010004 and 1505010002,
respectively); this area includes both Devil’s Canyon and upper Mineral Creek. The Apache Leap Tuff
aquifer is separated from the deep groundwater system by a thick sequence of poorly permeable Tertiary
basin-fill sediments (the Whitetail Conglomerate). In general, the direction of groundwater movement in
the Apache Leap Tuff follows surface drainage patterns, with groundwater moving from areas of recharge
at higher elevations to natural discharge areas in Devil’s Canyon and in Mineral Creek. Regional water
levels in the Apache Leap Tuff aquifer, and general flow directions, are shown in figure 3.7.1-8.

The deep groundwater system east of the Concentrator Fault is compartmentalized, and faults separate
individual sections of the groundwater system from each other. Depending on their character, faults can
either inhibit or enhance groundwater flow. Based on available evidence, the faults in the project area
tend to restrict groundwater flow between individual sections. The ore body and future block-cave zone
lie within a geological structure called the Resolution Graben, which is bounded by a series of regional
faults. The deep groundwater system in the Resolution Graben is hydraulically connected to existing mine
workings, and a clear decrease in water levels in response to ongoing dewatering of the mine workings
has been observed (Resolution Copper 2016c¢).

Three wells monitor the deep groundwater system inside the Resolution Graben (see table 3.7.1-1).

As noted earlier in this section, groundwater levels in the deep groundwater system below Oak Flat
(close to the pumping, within the Resolution Graben) have declined more than 2,000 feet since 2009
(Montgomery and Associates Inc. and Resolution Copper 2016) (see table 3.7.1-1). The deep
groundwater system east of the Concentrator Fault, but outside the Resolution Graben, appears to have a
limited hydraulic connection with the deep groundwater system inside the graben. Resolution Copper
monitors groundwater levels at eight locations in the deep groundwater system outside the Resolution
Graben (see table 3.7.1-1). Outside the graben, groundwater level decreases have been smaller, with a
maximum decline of about 500 feet since 2009, while near Superior, water levels associated with similar
connected units have declined up to 130 feet since 2009 (see table 3.7.1-1) (Montgomery and Associates
Inc. and Resolution Copper 2016).
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West Plant Site

At the West Plant Site, shallow and intermediate groundwater occurs in the Gila Conglomerate.
In addition, groundwater occurs in shallow alluvium to the south of the West Plant Site and in fractured
bedrock (Apache Leap Tuff) on the eastern boundary of the West Plant Site.

Groundwater in the shallow, unconfined Gila Conglomerate discharges locally, as evidenced by the
presence of seeps and evaporite deposits. The groundwater deeper in the Gila Conglomerate, below a
separating mudstone formation, likely flows to the south or southwest toward regional discharge areas
(Resolution Copper 2016¢). Several wells monitor the Gila Conglomerate near the West Plant Site. Most
of these wells have shown steady long-term declines in water level since 1996. These declines are
consistent with water level declines occurring regionally in response to drought conditions (Montgomery
and Associates Inc. 2017b).

The deep groundwater west of the Concentrator Fault is hosted in low permeability Quaternary and
Tertiary basin-fill deposits, fractured Tertiary volcanic rocks, and underlying Apache Leap Tuff. Four
wells monitor the deep groundwater system west of the Concentrator Fault. These wells have shown
varying rises and declines (Montgomery and Associates Inc. 2017b).

MARRCO Corridor, Filter Plant and Loadout Facility, and Desert Wellfield

Along much of the MARRCO corridor, groundwater is present in a shallow aquifer within the alluvium
along Queen Creek. The groundwater flow direction in this part of the corridor generally follows the
Queen Creek drainage to the west.

In the portion of the corridor between Florence Junction and Magma, where the filter plant and loadout
facility would be located, the groundwater is present in deep alluvial units. The regional groundwater
flow direction in this area is generally toward the northwest (Resolution Copper 2016¢).

The makeup water supply®® for the mine would come from a series of wells installed within the
MARRCO corridor, drawing water from these deep alluvial units of the East Salt River valley. These
wells are known as the “Desert Wellfield.” Although groundwater development in the vicinity of the
Desert Wellfield has heretofore been limited, historically areas of the East Salt River valley to the west
and south have been heavily used for agriculture. Until the late 1980s to early 1990s, groundwater levels
were declining in much of the basin. Passage of the 1980 Groundwater Management Act which imposed
limits on pumping, the availability of a renewable source of water, and the development of a regulatory
framework allowing for recharge of the aquifer, all of which in combination with reduced agricultural
pumping, have contributed to rising water levels. In the NMIDD to the southwest, groundwater levels
have recovered on the order of 170 feet over the past three decades, with somewhat lesser water level
increases occurring in the area of the Desert Wellfield (Bates et al. 2018). Current depths to groundwater
in the vicinity of the Desert Wellfield range from 400 to 600 feet below ground surface. Because of these
depths to groundwater, there are no GDEs in the East Salt River valley supported by regional
groundwater that potentially could be impacted by drawdown from the mine water supply pumping.

Tailings Storage Facility — Alternatives 2 and 3 — Near West

Thin alluvial deposits on the floors of canyons and washes at the location of the proposed tailings storage
facility contain small amounts of shallow, perched groundwater. The majority of the tailings storage
facility site is underlain by rocks with little permeability, with no indication of a water table within the
upper 150 to 300 feet of ground surface (Montgomery and Associates Inc. 2017¢). Where those rocks are

66 . . . . .
The mine process incorporates numerous means of recycling water back into the process wherever possible. However, for all

alternatives, there remains the need for substantial additional fresh water for the processing. The fresh water fed into the
processing stream is termed “makeup” water.
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fractured, they have the potential to store groundwater and allow for groundwater flow. Three springs are
in the footprint of the proposed tailings storage facility: the Perlite, Benson, and Bear Tank Canyon
Springs (see figure 3.7.1-3). Groundwater flow generally follows the topography toward Queen Creek.
Several wells were installed in the tailings storage facility area to provide information on groundwater
levels (Montgomery and Associates Inc. 2017¢).

Tailings Storage Facility — Alternative 4 — Silver King

Similar to the Near West site, thin alluvial deposits on the floors of canyons and washes, especially in
Silver King Wash, contain small amounts of shallow, perched groundwater (Cross and Blainer-Fleming
2012; Klohn Crippen Berger Ltd. 2018c). The majority of the tailings storage facility site is underlain by
rocks with little permeability. Groundwater moves generally southwest (Cross and Blainer-Fleming
2012). A number of perennial springs are located near Alternative 4. McGinnel Spring and Iberri Spring
are located within the footprint of Alternative 4, and several other perennial springs (McGinnel Mine
Spring, Rock Horizontal Spring, and Bitter Spring) are located within 1 mile (see figure 3.7.1-3).

Tailings Storage Facility — Alternative 5 — Peg Leg

A broad alluvial groundwater basin underlies the Peg Leg location (Ludington et al. 2007). Limited site
water level data suggest that groundwater depths below the facility footprint are relatively shallow, with
depths less than 50 feet (Golder Associates Inc. 2018a). Groundwater flow is to the northwest, generally
following the ground surface topography. The site is located in the Donnelly Wash groundwater basin,
outside any AMA.

Tailings Storage Facility — Alternative 6 — Skunk Camp

A number of field investigations that took place at the Skunk Camp location were completed and reported
after publication of the DEIS (Fleming, Shelley, et al. 2018; KCB Consultants Ltd. 2019; Montgomery
and Associates Inc. 2019a, 2020a, 2020e, 2020g; WestLand Resources Inc. and Montgomery and
Associates Inc. 2020; Wong et al. 2020a). The specific reports and types of investigations are detailed in
section 3.2.

Overall, on-site investigations confirmed the previous understanding of hydrology and geology at the site,
as detailed in section 3.2. Deposits of sand and gravel less than 100 feet thick underlie the Skunk Camp
location and contain shallow groundwater. Regional groundwater flows from northwest to southeast
within the proposed tailings storage facility area toward the Gila River. Shallow groundwater flow is
expected to be primarily through the surface alluvial channels and upper weathered zone of the Gila
Conglomerate (Klohn Crippen Berger Ltd. 2018d). The site is located in the Dripping Spring Wash
groundwater basin, outside of any AMA.

GROUNDWATER BALANCE WITHIN MODELING ANALYSIS AREA

Groundwater systems are considered to be at steady state when outflow equals inflow. In the modeling
analysis area, outflows due to mine dewatering exceed inflows, with the result that the groundwater
system is not at steady state and water is removed from storage.

Inflow components of the groundwater balance include recharge from precipitation, groundwater inflows
from adjacent groundwater basins, and deep percolation from irrigation and from the Town of Superior
Wastewater Treatment Plant. Recharge from precipitation is the largest component of inflow into the
groundwater of the analysis area.

Groundwater outflows include mine dewatering, groundwater pumping, subsurface and surface flow at
Whitlow Ranch Dam (a flood control structure located on Queen Creek, just upstream of the community
of Queen Valley), and groundwater evapotranspiration. The largest component of groundwater outflow
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for both the shallow perched groundwater and the Apache Leap Tuff aquifer is groundwater
evapotranspiration, primarily from where vegetation has access to near-surface groundwater. The largest
component of groundwater outflow for deep groundwater is mine dewatering, primarily from Resolution
Copper but also from an open-pit perlite mining operation near Queen Creek. In 2017, mine dewatering
removed approximately 1,360 acre-feet of water from the deep groundwater system (Montgomery and
Associates Inc. 2018).

ONGOING METEOROLOGICAL TRENDS AFFECTING WATER BALANCE

The annual mean and minimum temperatures in the lower Colorado River Basin have increased 1.8°F

to 3.6°F for the time period 1900-2002, and data suggest that spring minimum temperatures for the same
time period have increased 3.6°F to 7.2°F (Dugan 2018). Winter temperatures have increased up to 7.2°F,
and summer temperatures 1.6°F. Increasing temperature has been correlated with decreasing snowpack
and earlier runoff in the lower Colorado River Basin, with runoff increasing between November and
February and decreasing between April and July (April to July is traditionally recognized as the peak
runoff season in the basin).

Future projected temperature increases are anticipated to change the amount of precipitation only by a
small amount but would change the timing of runoff and increase the overall evaporative demand.
Groundwater recharge is most effective during low-intensity, long-duration precipitation events, and
when precipitation falls as snow. With ongoing trends for the southwestern United States toward higher
temperatures with less snow and more high-intensity rainstorms, more runoff occurs, but groundwater
recharge may decline, leading to a decrease in groundwater levels. Increased demand for groundwater,
due to higher water demand under higher temperatures, may also lead to greater stresses on groundwater
supplies.

CURRENT AND ONGOING PUMPING AND WATER LEVEL TRENDS

Mining near Superior started about 1875, and dewatering of the Magma Mine began in earnest in 1910 as
production depths increased. Dewatering continued with little interruption until 1998, after active mining
ceased at the Magma Mine. In 2009, Resolution Copper resumed dewatering as construction began on
Shaft 10 (WSP USA 2019). Since 2009, Resolution Copper has reported pumping about 20,000 acre-feet
of groundwater under their dewatering permit.’” Almost all of this water is treated and delivered to the
NMIDD. Most historical dewatering pumping took place east of the Concentrator Fault, primarily at the
Magma Mine, but also at the Silver King, Lake Superior and Arizona, and Belmont mines (Keay 2018).

Resolution Copper removes groundwater from sumps in Shafts 9 and 10, effectively dewatering the deep
groundwater system that lies below the Whitetail Conglomerate unit (the bottom of Shaft 10 is about
7,000 feet below ground level). Groundwater levels in the deep groundwater system below Oak Flat
(close to the pumping) have dropped over 2,000 feet since 2009. These same hydrogeological units
extend west, below Apache Leap, and into the Superior Basin. Near Superior, water levels associated with
these units have declined roughly 20 to 90 feet since 2009 (Montgomery and Associates Inc. and
Resolution Copper 2016).

In the Oak Flat area, the Apache Leap Tuff aquifer overlies the deep groundwater system, and the
Whitetail Conglomerate unit separates the two groundwater systems. The Whitetail Conglomerate unit
acts as an aquitard—Ilimiting the downward flow of groundwater from the Apache Leap Tuff.

87 The current mine infrastructure lies almost entirely within the Phoenix AMA. In this area, pumping groundwater requires a

groundwater right from the ADWR. Resolution Copper’s dewatering right (59-524492) is permitted through 2029 (Rietz
2016b). The amount of pumping was determined by reviewing the annual reports submitted to ADWR for this dewatering
right for the period 2009 through 2021.
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Groundwater level changes in the Apache Leap Tuff that have been observed have generally been 10 feet
or less since 2009.

Groundwater levels in the Apache Leap Tuff are important because they provide water to GDEs, such as
the middle and lower reaches of Devil’s Canyon (Garrett 2018¢). Resolution Copper has extensively
monitored Devil’s Canyon since as early as 2003. Most hydrologic indicators show no significant change
over time in Devil’s Canyon (Garrett 2019f). A number of other water sources have been monitored on
Oak Flat and show seasonal drying, but these locations have been demonstrated to be disconnected from
the Apache Leap Tuff aquifer, relying instead on localized precipitation (Garrett 2018e; Montgomery and
Associates Inc. 2017a). Other pumping also occurs within the Superior Basin, but is substantially less
than the Resolution Copper dewatering, roughly accounting for less than 10 percent of groundwater
pumped within the model area (Montgomery and Associates Inc. 2018).

GROUNDWATER-DEPENDENT ECOSYSTEMS

The Tonto National Forest evaluated 67 different spring or stream locations in the project area as potential
GDEs. These include the following:

¢ Queen Creek drainage. Areas evaluated include Queen Creek itself from its headwaters to
Whitlow Ranch Dam, four tributaries (Number Nine Wash, Oak Flat Wash, Arnett Creek, and
Telegraph Canyon), and 29 spring locations.

e Devil’s Canyon drainage. Areas evaluated include Devil’s Canyon from its headwaters to the
confluence with Mineral Creek at the upper end of Big Box Reservoir, three tributaries
(Hackberry Canyon, Rancho Rio Canyon, and Iron Canyon), and seven spring locations. Four of
these springs are located along the main stem of Devil’s Canyon and contribute to the general
streamflow.

e Mineral Creek drainage. Areas evaluated include Mineral Creek from its headwaters to the
confluence with Devil’s Canyon at the upper end of Big Box Reservoir, and five spring locations.
Three of these springs are located along the main stem of Mineral Creek and contribute to the
general streamflow.

After evaluating available lines of evidence for portions of Queen Creek, Devil’s Canyon, Mineral Creek,
Telegraph Canyon, and Arnett Creek, the Groundwater Modeling Workgroup thought it likely that some
stream segments within these drainage areas could have at least a partial connection to regional aquifers,
and each is described in more detail in the following text of this section. In addition, the Groundwater
Modeling Workgroup identified 17 springs that demonstrate at least a partial connection to regional
aquifers. The remainder of the potential GDEs were eliminated from analysis for various reasons (Garrett
2018e).® GDEs with a likely or possible regional groundwater source, and therefore analyzed in this
section, are listed in table 3.7.1-2 and shown in figure 3.7.1-9.

8 o summarize, potential GDEs were eliminated from analysis using the groundwater flow model because they did not appear

to exist within the analysis area (five springs); or had sufficient evidence to indicate a shallow groundwater source instead of
a connection to the regional aquifers (19 springs; most of Queen Creek; upper Devil’s Canyon; two tributaries to Queen
Creek; and three tributaries to Devil’s Canyon). Some of these GDEs may still be affected by changes in surface runoff, and
these changes are still analyzed in this section.
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Table 3.7.1-2. GDEs identified as having at least a partial connection to regional groundwater

Type of Feature

Name/Description* Type of Impact Analysis Used in EIS

Queen Creek Drainage

Stream segments

Queen Creek, between km 17.39 and 15.55 (downstream of Groundwater flow model (all stream
Superior and upstream of Boyce Thompson Arboretum); segments); Surface water flow model
approximately 1.2 miles long (Queen Creek only)

Queen Creek at Whitlow Ranch Dam

Arnett Creek, near the confluence with Telegraph Canyon
(km 4.5) and upstream at Blue Spring (km 12.5)

Telegraph Canyon, near the confluence with Arnett Creek

Springs (10 total)

Bitter, Bored, Hidden, Iberri, Kane, McGinnel, McGinnel Groundwater flow model
Mine, No Name, Rock Horizontal, and Walker

Devil’s Canyon Drainage

Stream segments Devil's Canyon, from km 9.14 to confluence with Mineral Groundwater flow model; Surface flow
Creek/Big Box Reservoir; approximately 5.7 miles long water model

Springs (4 total) DC-8.2W, DC-6.6W, DC-6.1E, DC-4.1E Groundwater flow model

Mineral Creek Drainage

Stream segments Mineral Creek from km 8.7 to confluence with Devil’s Groundwater flow model

Canyon/Big Box Reservoir, approximately 5.4 miles long

Springs (3 total)

Government Springs, MC-8.4C, MC-3.4W (Wet Leg Spring) Groundwater flow model

* Many of the stream descriptions reference the distance upstream of the confluence, measured in kilometers. This reference system is also
incorporated into many stream/spring monitoring locations. For instance, spring “DC-8.2W” is located 8.2 km upstream of the mouth of Devil's
Canyon, on the west side of the drainage.
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Devil’s Canyon

The upper reach of Devil’s Canyon (from above the U.S. 60 bridge to approximately km 9.3) includes a
reach of perennial flow from approximately DC-11.0 to DC-10.6. The geohydrology suggests that this
section of Devil’s Canyon lies above the water table in the Apache Leap Tuff aquifer and is most likely
supported by snowmelt or precipitation stored in near-surface fractures, and/or floodwaters that have been
stored in shallow alluvium along the stream, before slowly draining into the main channel. Further
evaluation of hydrochemistry and flow data support this conclusion (Garrett 2018e). Streamflow in Upper
Devil’s Canyon is not considered to be connected with the regional Apache Leap Tuff aquifer and would
not be expected to be impacted by groundwater drawdown caused by the block-cave mining and
dewatering. This portion of Devil’s Canyon is also upstream of the subsidence area and unlikely to be
impacted by changes in surface runoff.

Moving downstream in Devil’s Canyon, persistent streamflow arises again about km 9.3. From this point
downstream, Devil’s Canyon contains stretches of perennial flow, aquatic habitat, and riparian galleries.
Flow arises both from discrete springs along the walls of the canyon (four total), as well as groundwater
inflow along the channel bottom. These reaches of Devil’s Canyon also are supported in part by near-
surface storage of seasonal precipitation; however, the available evidence indicates that these waters arise
primarily from the regional Apache Leap Tuff aquifer. Streamflow in middle and lower Devil’s Canyon is
considered to be connected with the regional aquifer, which could potentially be impacted by
groundwater drawdown caused by the block-cave mining and dewatering. These reaches of Devil’s
Canyon also receive runoff from the area where the subsidence area would occur and therefore may also
lose flow during runoff events.

Queen Creek

The available evidence suggests that Queen Creek from headwaters to Whitlow Ranch Dam is ephemeral
in nature, although in some areas above Superior it may be considered intermittent, as winter base flow
does occur and likely derives from seasonal storage of water in streambank alluvium, which slowly seeps
back in to the main channel (Garrett 2018e). This includes three springs located along the main stem of
Queen Creek above Superior.

An exception for Queen Creek is a perennially flowing reach between km 17.39 and 15.55, which is
located downstream of Superior and upstream of Boyce Thompson Arboretum. Originally this flowing
reach had been discounted because it receives effluent discharge from the Superior Wastewater Treatment
Plant. However, discussions within the Groundwater Modeling Workgroup suggested that a component of
baseflow supported by regional aquifer discharge may exist in this reach as well. Regardless of whether
baseflow directly enters the channel from the regional aquifer, substantial flow in this reach also derives
from dewatering discharges from a small open-pit perlite mining operation, where the mine pit
presumably intersects the regional aquifer (Garrett 2018e). Therefore, for several reasons, this reach was
included as a potential GDE, with the potential to be impacted by regional groundwater drawdown.

The AGFD conducted surveys on this reach in 2017 and found that while flow fluctuated throughout the
survey reach, aquatic wildlife and numerous other avian and terrestrial species use this habitat, and that
aquatic species appeared to be thriving and reproducing (Warnecke et al. 2018).

Queen Creek also has perennial flow that occurs at Whitlow Ranch Dam and supports a 45-acre riparian
area (primarily cottonwood, willow, and saltcedar). This location is generally considered to be where
most subsurface flow in the alluvium along Queen Creek and other hydrologic units exits the Superior
Basin. Queen Creek above and below Superior receives runoff from the area where the subsidence area
would occur and therefore may also lose flow during runoff events. About 20 percent of the average
annual runoff above Magma Avenue Bridge would be lost to the subsidence area (described in more
detail in Section 3.7.3, Surface Water Quantity).
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Mineral Creek

Mineral Creek is similar in nature to lower Devil’s Canyon. While flows are supported in part by near-
surface storage of seasonal precipitation, the available evidence indicates that these waters arise partially
from the Apache Leap Tuff aquifer and other regional sources. For the purposes of analysis, Mineral
Creek is considered to be connected with regional aquifers, which could potentially be impacted by
groundwater drawdown caused by the block-cave mining and dewatering; whether this impact is
predicted to occur or not is determined using the results of the groundwater modeling.

Approximately the lower 4 miles of Mineral Creek exhibits perennial flow that supports riparian galleries
and aquatic habitat. Three perennial springs also contribute to Mineral Creek (Government Springs,
MC-8.4C, and MC-3.4W or Wet Leg Spring). Government Springs is the farthest upstream, roughly

5.4 miles above the confluence with Devil’s Canyon (Garrett 2018e).

Mineral Creek is designated as critical habitat for Gila chub. The AGFD has conducted fish surveys on
Mineral Creek periodically since 2000 and has not identified Gila chub in Mineral Creek since 2000.
While the presence of amphibians suggested acceptable water quality in this reach, until 2006 no fish
populations were observed despite acceptable habitat. AGFD stocked native longfin dace in Mineral
Creek downstream of Government Springs in 2006, and as of 2017, these fish were still present in the
stream, though Gila chub have not been seen (Crowder et al. 2014; WestLand Resources Inc. 2018a).

Arnett Creek

Fairly strong and consistent evidence indicates that several reaches of Arnett Creek likely receive some
contribution from groundwater that looks similar to the Apache Leap Tuff aquifer, though these units are
not present in this area. This includes Blue Spring (located in the channel of Arnett Creek above
Telegraph Canyon) and in the downstream portions of Arnett Creek immediately downstream of
Telegraph Canyon. Arnett Creek is considered to be connected with regional aquifers, which could
potentially be impacted by groundwater drawdown caused by the block-cave mining and dewatering;
whether this impact is predicted to occur or not is determined using the results of the groundwater
modeling.

Telegraph Canyon

Telegraph Canyon is a tributary to Arnett Creek. Unlike Arnett Creek, there was insufficient evidence to
determine whether or not these waters were tied to the regional aquifers. In such cases, the Forest Service
policy is to assume that a connection exists; therefore, Telegraph Canyon is also considered to be
connected with the regional aquifers, which could potentially be impacted by groundwater drawdown
caused by the block-cave mining and dewatering; whether this impact is predicted to occur or not is
determined using the results of the groundwater modeling.

Tributaries to Queen Creek and Devil’s Canyon

A number of tributaries were evaluated originating in the Oak Flat area and feeding either Queen Creek
or Devil’s Canyon. These include Number 9 Wash and Oak Flat Wash (Queen Creek drainage) and Iron
Canyon, Hackberry Canyon, and Rancho Rio Canyon (Devil’s Canyon drainage). Sufficient evidence
existed for all of these tributaries to demonstrate that they most likely have local water sources that are
not connected to the regional Apache Leap Tuff aquifer (Garrett 2018e).

WATER SUPPLY WELLS

GDEs represent natural systems that could be impacted by the project, but human communities also rely
on groundwater sources in the area. In lieu of analyzing individual wells, typical wells in key
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communities were analyzed using the groundwater flow model (Newell and Garrett 2018d). These areas
include the following:

e Top-of-the-World. Many wells in this location are relatively shallow and rely on near-surface
fracture systems and shallow perched alluvial deposits (see attachment 7 in Garrett (2018e));
these wells would not be impacted by changes in the regional aquifers. However, other wells in
this area could be completed deeper into the Apache Leap Tuff aquifer. Impacts on well HRES-
06 is used as a proxy for potential impacts on water supplies and individual wells in this area.

e Superior. The Arizona Water Company serves the Town of Superior; the water comes from the
East Salt River valley. Even so, there are assumed to still be individual wells within the town that
use local groundwater (stock wells, domestic wells, commercial wells). As with Top-of-the-
World, some of these wells may rely on near-surface groundwater and would not be impacted by
changes in the regional aquifers. Other wells could be completed in geological units in hydraulic
connection to the deep groundwater system. Well DHRES-16 743 is used as a proxy for potential
impacts on water supplies and individual wells in this area.

e Boyce Thompson Arboretum. The Gallery Well is used as a proxy for impacts on water
supplies associated with Boyce Thompson Arboretum. This well likely uses groundwater from
local sources, but for the purposes of analysis it is assumed to be connected to regional aquifers.

Public comments suggested that focusing on proxies instead of specific individual wells was an
inappropriate approach. The rationale for using proxies was provided in DEIS references (Newell and
Garrett 2018c), but bears repeating here.

In order to evaluate the effects of groundwater drawdown on an individual well, a number of details need
to be known about the well construction and operation. These include depth to water, depth of well,
location of perforated intervals, and the type and depth of pump equipment in the well. In general,
individual water supply wells vary so much a hypothetical 10-foot drop in the water table could leave a
shallow well completely dry (requiring it to be redrilled), could cause a different well to lower a pump but
otherwise remain unaffected, or could have no noticeable effect at all for deeper wells. Most of these key
details are unknown through existing data sources, and unable to be collected without disrupting water
service.

The proxy wells described above provide a reasonable estimate of impacts that any individual well owner
could apply to their own well if located in the same area. If an individual well owner is not located near
these areas, drawdown can be spatially seen in figures 3.7.1-2 (for drawdown near the Desert Wellfield)
and 3.7.1-3 (for drawdown near the mine site). Drawdown also is detailed for any of the GDE locations
(see hydrographs in appendix L, with the specific location shown on figure 3.7.1-9). If proxy wells are
insufficient for a given individual well owner, all of these sources also are indicative of drawdown in the
regional aquifer that could impact individual wells.

The Forest Service received comments suggesting an expansion of the analysis of individual wells.
Specifically, even if the impact to individual wells cannot be undertaken with any certainty, the total
number of wells potentially impacted could be disclosed. This analysis has been undertaken and added to
the FEIS (Garrett 2023a).

We also received cautions about the ability to apply the proxy wells to all wells in the geographic area.
We recognize this limitation. The proxy well locations are meant to reflect the drawdown that can be
expected in a specific location, at a specific time, in a specific hydrogeologic unit. Other wells in the area
could experience no impact at all (if drawing water from shallow alluvium or fractures) or different
impacts (if completed in some other hydrogeologic units). The proxy wells are meant to reflect the most
likely impacts in those areas: for Top-of-the-World drawdown in the Apache Leap Tuff, for Superior
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drawdown in the deep groundwater system, and for Boyce Thompson Arboretum drawdown in the deep
groundwater system.

3.71.4 Environmental Consequences of Implementation of the Proposed Mine
Plan and Alternatives

Alternative 1 — No Action

Under the no action alternative, which includes continued dewatering pumping of the deep groundwater
system, no perennial streams are anticipated to be impacted, but six perennial springs would experience
drawdown greater than 10 feet. These springs are Bitter, Bored, Hidden, McGinnel, McGinnel Mine, and
Walker Springs, as shown in figures 3.7.1-10 and 3.7.1-11 and summarized in table 3.7.1-3. Hydrographs
showing drawdown under the no action alternative for all GDEs with connections to regional aquifers are
included in appendix L.

The 10-foot drawdown contour shown on figure 3.7.1-10 represents the limit of where the groundwater
model can reasonably predict impacts with the best-calibrated model (orange area). GDEs falling within
this contour are anticipated to be impacted. GDEs outside this contour may still be impacted, but it is
beyond the ability of the model to predict.

It is not possible to precisely predict what impact a given drawdown in groundwater level would have on
an individual spring; however, given the precision of the model (10 feet), it is reasonable to assume any
spring with anticipated impact of this magnitude could experience complete drying.

Bored Spring has the highest riparian value, supporting a standing pool and a 500-foot riparian string of
cottonwood, willow, mesquite, saltcedar, and sumac. The loss of water to this spring would likely lead to
complete loss of this riparian area.

Bitter, Hidden, McGinnel, McGinnel Mine, and Walker Springs all have infrastructure improvements to
some degree and host relatively little riparian vegetation, although standing water and herbaceous and
wetland vegetation may be present. The loss of flowing water would likely lead to complete loss of these
pools and fringe vegetation.
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iTop-of-the-World

Resolution Copper Project
and Land Exchange
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Groundwater-Dependent
Ecosystems Impacted by
No Action Dewatering

' Groundwater-Dependent Ecosystem (spring) with anticipated impacts from drawdown
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3 |Bored Spring
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|Hidden Spring

7 |McGinnel Mine Spring

8 |McGinnel Spring

- West Plant Site * Contours shown have been interpreted based on the model output files.

11|Walker Spring

Figure 3.7.1-10. Modeled groundwater drawdown—no action
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ImpacTs TO GDEs

No Action
Continued Dewatgring Bitter Spring ‘ Alternatwes

Sre - Bored Spring
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Disturbance Rancho Rio + Bear Canyon * McGinnel

KP Reservoir Seep * Perlite
Above Grotto Pond

$S-1 Pond

Anxiety Fault Pond

H - Surface Wat Queen Creek Queen Creek * Queen Creek * Gila River * Gila River
All Action Alternatives i) (17.415.6) (Whitlow (Whitlow
Ranch Dam) Ranch Dam)

Walker Spring

. Queen Creek
Best-calibrated Model DC-6.6W Spring (Whitlow

(Impacts are anticipated) Kane Spring Ranch Dam)

- + Devil's Canyon

Al Sensitivity Model Runs ~ * NoAAdditional GDES ’
(Impacts are possible) Total GDEs Impacted

All Sensitivity Runs Middle Devil's

(Impacts are possible but Canyon (DC-8.8C, _ : :
unIiker)* DC-8.82W, DC-8.1C) 1 Totals shown include both GDEs impacted by the subsidence

area and GDEs impacted by specific alternatives.

ueen Creek
ﬁ7.4-15.6) * Totals shown do not include GDEs with “possible but

unlikely” impacts; while at least one model sensitivity
ST run indicates impacts could happen to these GDEs, the
great majority of model runs indicate otherwise.

Figure 3.7.1-11. Summary of impacts on GDEs by alternative
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ANTICIPATED IMPACTS ON WATER SUPPLY WELLS

Many domestic and stock water supply wells in the area are shallow and likely make use of water stored
in shallow alluvium or shallow fracture networks. These wells are unlikely to be impacted by
groundwater drawdown from mine dewatering under the no action alternative. However, groundwater
drawdown caused by the mine could affect groundwater supplies for wells that may draw from either the
regional Apache Leap Tuff aquifer or the deep groundwater system. Drawdown from 10 to 30 feet is
anticipated in wells in the Superior area, as shown in table 3.7.1-4.

Unlike the action alternative, the mitigation measures that would remedy any impacts on water supply
wells caused by drawdown from the project (mitigation measure FS-WR-01, discussed later in this
section) would not occur under the no action alternative.

LONGER TERM MODELED IMPACTS

The only GDEs impacted under the no action alternative are the six distant springs identified earlier in
this section, which are modeled as having connections to the regional deep groundwater system. Based
on long-term modeled hydrographs, these springs generally see maximum drawdown resulting from the
continued mine pumping within 150 to 200 years after the end of mining; the impacts shown in table
3.7.1-3 likely represent the maximum impacts that would be experienced under the no action scenario.

SUBSIDENCE IMPACTS

Under the no action alternative, small amounts of land surface displacement could continue to occur due
to ongoing pumping (Newell and Garrett 2018d). These amounts are observable using satellite monitoring
techniques but are unlikely to be observable on the ground.
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Table 3.7.1-3. Summary of potential impacts on groundwater-dependent ecosystems from groundwater drawdown

Drawdown Drawdown I(::;ae‘:ﬂ:;m I()f:::;df?;m Number of Sensitivity
Reference (feet) frc'>m (feet) f rom Dewatering Dewatering and Runs with Drawdown
Number on . Dewatering Dewaterlng_and under No Block Caving greater than Summary of Expected
- Specific GDE under No Block Caving . 10 Feet (based on
Figure Action under Proposed Action under Proposed Proposed Action Impacts on GDEs
3.7.1-9 Alternative Actio'r)1 Alternative Action 200';ears after start of
(end of mining) (end of mining) (200 years after (200 years after mine)
start of mine) start of mine)

Queen Creek and Tributaries
12 Queen Creek — Flowing <10 <10 <10 <10 4 of 87 sensitivity runs show No Action — Drawdown is not

reach from km 17.39 to impacts greater than 10 feet; anticipated.*

15.55 |mp_acts are possible but Proposed Action — Additional

unlikely drawdown due to block caving

is not anticipated with the base
case model. Drawdown is
possible but unlikely under the
sensitivity modeling runs.*
Reach has two other
documented and substantial
water sources.

1 Queen Creek — Whitlow <10 <10 <10 <10 Not available No Action — Drawdown is not

Ranch Dam Outlet* anticipated.*

Proposed Action — Additional
drawdown due to block caving
is not anticipated.t

13 Arnett Creek (from Blue <10 <10 <10 <10 0 of 87 sensitivity runs show No Action — Drawdown is not

Spring to confluence with impacts greater than 10 feet anticipated.*

Queen Creek) Proposed Action — Additional
drawdown due to block caving
is not anticipated.*

14 Telegraph Canyon (near <10 <10 <10 <10 0 of 87 sensitivity runs show No Action — Drawdown is not

confluence with Arnett
Creek)

impacts greater than 10 feet

anticipated.*

Proposed Action — Additional
drawdown due to block caving
is not anticipated.*
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Drawdown
Reference (feet) from
Number on Dewatering
Fi Specific GDE under No
igure !
3.7.19 Action
o Alternative

(end of mining)

(end of mining)

Drawdown Drawdown
(feet) from
(feet) from Dewatering
Dewatering and under No
Block Caving Action
under Proposed Alte(r:'n:tive

Action

(200 years after
start of mine)

Drawdown
(feet) from
Dewatering and
Block Caving
under Proposed
Action
(200 years after
start of mine)

Number of Sensitivity
Runs with Drawdown
greater than

10 Feet (based on
Proposed Action,

200 years after start of
mine)

Summary of Expected
Impacts on GDEs

Devil’s Canyon and Springs along Channel

16 Middle Devil's Canyon <10 <10 <10 10-30 For spring DC6.6W, 76 of No Action — Drawdown is not
(from km 9.3 to km 6.1, (Spring DC- 87 sensitivity runs show anticipated.”
including springs DC8.2W, 6.6W) impacts greater than 10 feet; Proposed Action — Addition
DC6.6W, and DC6.1E) confirms base case impacts  §rawdown due to block caving
For the main channel is anticipated in spring DC-
(DC8.8C, DC 8.1C) and 6.6W with the base case model
spring DC8.2W, 1 of 87 and most sensitivity modeling
sensitivity runs shows runs
impacts greater than 10 feet; (see description of impacts).*
impacts are possible but Drawdown is possible but
unlikely unlikely under the sensitivity
For spring DC6.1E, 0 of modeling runs for main
87 sensitivity runs show channel groundwater inflow
impacts greater than 10 feet and spring DC6.1E.2.
16 Lower Devil's Canyon <10 <10 <10 <10 0 of 87 sensitivity runs show No Action — Drawdown is not
(from km 6.1 to confluence impacts greater than 10 feet anticipated.*
with Mineral Creek, Proposed Action — Additional
including spring DC4.1E) drawdown due to block caving
is not anticipated.*
Mineral Creek and Springs along Channel
18 Mineral Creek (from <10 <10 <10 <10 0 of 87 sensitivity runs show No Action — Drawdown is not
Government Springs impacts greater than 10 feet anticipated.*
(km _E?.?) to conflgence_ with Proposed Action — Additional
Devil's Canyon, including drawdown due to block caving
springs MC8.4C and is not anticipated.*
MC3.4W (Wet Leg Spring))
Queen Creek Basin Springs
2 Bitter Spring 10-30 10-30 <10 10-30 87 of 87 sensitivity runs No Action — Drawdown is

show impacts greater than
10 feet; confirms base case
impacts

anticipated (see description of
impacts).*t

Proposed Action — Additional
drawdown due to block caving
is anticipated (see description
of impacts).**
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Drawdown Drawdown Drawdown Drawdown Number of Sensitivity
(feet) from (feet) from .
(feet) from (feet) from - . Runs with Drawdown
Reference . . Dewatering Dewatering and
Dewatering Dewatering and . greater than
Number on . . under No Block Caving Summary of Expected
. Specific GDE under No Block Caving . 10 Feet (based on
Figure | Action under Proposed . Impacts on GDEs
Action under Proposed . . Proposed Action,
3.71-9 . . Alternative Action
Alternative Action 200 years after start of
(end of mining) (end of mining) (200 years after (200 years after mine)
start of mine) start of mine)
3 Bored Spring 30-50 30-50 >50 >50 87 of 87 sensitivity runs No Action — Drawdown is
show impacts greater than anticipated (see description of
10 feet; confirms base case impacts).*"
impacts Proposed Action — Additional
drawdown due to block caving
is anticipated (see description
of impacts).*t
4 Hidden Spring 10-30 10-30 30-50 >50 87 of 87 sensitivity runs No Action — Drawdown is
show impacts greater than anticipated (see description of
10 feet; confirms base case impacts).*
impacts Proposed Action — Additional
drawdown due to block caving
is anticipated (see description
of impacts).*
5 Iberri Spring <10 <10 <10 <10 1 of 87 sensitivity runs show No Action — Drawdown is not
impacts greater than 10 feet; anticipated.*
impacts are possible but Proposed Action — Addition
unlikely drawdown due to block caving
is not anticipated with the base
case model. Drawdown is
possible but unlikely under the
sensitivity modeling runs.*
6 Kane Spring <10 <10 <10 >50 84 of 87 sensitivity runs No Action — Drawdown is not
show impacts greater than anticipated.”
10 feet; confirms base case  proposed Action — Additional
impacts drawdown due to block caving
is anticipated (see description
of impacts).*t
7 McGinnel Mine Spring <10 <10 10-30 10-30 86 of 87 sensitivity runs No Action — Drawdown is

show impacts greater than
10 feet; confirms base case
impacts

anticipated (see description of
impacts).**

Proposed Action — Addition
drawdown due to block caving
is anticipated (see description
of impacts).**
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Drawdown Drawdown Drawdown Drawdown Number of Sensitivity
(feet) from (feet) from .
(feet) from (feet) from - . Runs with Drawdown
Reference . . Dewatering Dewatering and
Dewatering Dewatering and . greater than
Number on . . under No Block Caving Summary of Expected
. Specific GDE under No Block Caving . 10 Feet (based on
Figure | Action under Proposed . Impacts on GDEs
Action under Proposed . . Proposed Action,
3.7.1-9 . . Alternative Action
Alternative Action 200 years after start of
(end of mining) (end of mining) (200 years after (200 years after mine)
start of mine) start of mine)
8 McGinnel Spring <10 <10 10-30 10-30 85 of 87 sensitivity runs No Action — Drawdown is
show impacts greater than anticipated (see description of
10 feet; confirms base case impacts).*"
impacts Proposed Action — Addition
drawdown due to block caving
is anticipated (see description
of impacts).*t
9 No Name Spring <10 <10 <10 <10 0 of 87 sensitivity runs show No Action — Drawdown is not
impacts greater than 10 feet anticipated.*
Proposed Action — Additional
drawdown due to block caving
is not anticipated.*
10 Rock Horizontal Spring <10 <10 <10 <10 0 of 87 sensitivity runs show No Action — Drawdown is not
impacts greater than 10 feet anticipated.*
Proposed Action — Additional
drawdown due to block caving
is not anticipated.*
11 Walker Spring 10-30 10-30 10-30 30-50 87 of 87 sensitivity runs No Action — Drawdown is

show impacts greater than
10 feet; confirms base case
impacts

anticipated (see description of
impacts).*t

Proposed Action — Additional
drawdown due to block caving
is anticipated (see description
of impacts).**

* Regardless of anticipated impacts, monitoring would occur during operations for verification. Predictions of drawdown are approximations of a complex physical system, inherently limited by the quality of
input data and structural constraints imposed by the model grid and modeling approach. The groundwater model does not predict changes to flow magnitude and timing at a given GDE. By extension,
drawdown contours may not represent the aerial extent of anticipated impacts on GDEs. These contours will be used to inform more site-specific impact monitoring and mitigation.

1 For all springs, streams, and associated riparian areas potentially impacted, impacts could include a reduction or loss of spring/stream flow, increased mortality or reduction in extent or health of riparian

vegetation, and reduction in the quality or quantity of aquatic habitat from loss of flowing water, adjacent vegetation, or standing pools.

I Whitlow Ranch Dam outlet is not modeled specifically, as this cell is defined by a constant head in the model. Output described is based on estimated head levels at this location.
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Table 3.7.1-4. Summary of potential impacts on groundwater supplies from groundwater drawdown

Water Supply
Area

Drawdown (feet)
from Dewatering
under No Action
Alternative
(end of mining)

Drawdown (feet)
from Dewatering
and Block Caving
under Proposed
Action
(end of mining)

Drawdown (feet)
from Dewatering
under No Action
Alternative
(200 years after
start of mine)

Drawdown (feet)
from Dewatering

and Block Caving Potential for Greater

under Proposed
Action
(200 years after
start of mine)

Drawdown Based on
Sensitivity Runs?

Summary of Expected Impacts on
Groundwater Supplies*®

DHRES-16_743 <10 10-30 <10 10-30 86 of 87 sensitivity runs  No Action — Drawdown is not anticipated.
(Superior) show |mpach greater  proposed Action — Additional drawdown due to
than 10 feet; confirms 50k caving is anticipated for water supply wells
base case impacts in this area, except for those completed solely in
alluvium or shallow fracture systems. Impacts
could include loss of well capacity, the need to
deepen wells, the need to modify pump
equipment, or increased pumping costs.
Applicant-committed remedy if impacts occur.
Gallery Well <10 <10 <10 <10 0 of 87 sensitivity runs ~ No Action — Drawdown is not anticipated.
(Boyce Thompson show impacts greater  prgposed Action — Additional drawdown due to
Arboretum) than 10 feet block caving is not anticipated.
HRES-06 <10 <10 <10 <10 17 of 87 sensitivity runs  No Action — Drawdown is not anticipated.

(Top-of-the-World)

show impacts greater
than 10 feet; impacts
are possible beyond
base case impacts

Proposed Action — Additional drawdown due to
block caving is anticipated for water supply wells
in this area, except for those completed solely in
alluvium or shallow fracture systems. Impacts
could include loss of well capacity, the need to
deepen wells, the need to modify pump
equipment, or increased pumping costs.
Applicant-committed remedy if impacts occur.

* These proxy wells reflect drawdown in the regional aquifer most likely to be used in these geographic areas: for Top-of-the World this is the Apache Leap Tuff, and for Superior and Boyce Thompson
Arboretum this is the deep groundwater system. Some wells in these areas may be completed in different hydrogeologic units.

425



Resolution Copper Project and Land Exchange

Impacts Common to All Action Alternatives

EFFECTS OF THE LAND EXCHANGE

The land exchange would have effects on groundwater quantity and GDEs.

The Oak Flat Federal Parcel would leave Forest Service jurisdiction. Several GDEs were identified on the
Oak Flat Federal Parcel, including Rancho Rio Canyon, Oak Flat Wash, Number 9 Wash, the Grotto
(spring), and Rancho Rio spring. The role of the Tonto National Forest under its primary authorities in the
Organic Administration Act, Locatable Minerals Regulations (36 CFR 228 Subpart A), and Multiple-Use
Mining Act is to ensure that mining activities minimize adverse environmental effects on NFS surface
resources; this includes these GDEs. The removal of the Oak Flat Federal Parcel from Forest Service
jurisdiction negates the ability of the Tonto National Forest to regulate effects on these resources.

The offered lands parcels would enter either Forest Service or BLM jurisdiction. A number of perennial
water features are located on these lands, including the following:

Tangle Creek. Features of the Tangle Creek Parcel include Tangle Creek and one spring

(LX Spring). Tangle Creek is an intermittent or perennial tributary to the Verde River and bisects
the parcel. It includes associated riparian habitat with mature hackberry, mesquite, ash, and
sycamore trees.

Turkey Creek. Features of the Turkey Creek Parcel include Turkey Creek, which is an
intermittent or perennial tributary to Tonto Creek and eventually to the Salt River at Roosevelt
Lake. Riparian vegetation occurs along Turkey Creek with cottonwood, locus, sycamore, and oak
trees.

Cave Creek. Features of the Cave Creek Parcel include Cave Creek, an ephemeral to intermittent
tributary to the Agua Fria River, with some perennial reaches in the vicinity of the parcel.

East Clear Creek. Features of the East Clear Creek Parcel include East Clear Creek, a substantial
perennial tributary to the Little Colorado River. Riparian vegetation occurs along East Clear
Creek, including boxelder, cottonwood, willow, and alder trees.

Lower San Pedro River. Features of the Lower San Pedro River Parcel include the San Pedro
River and several large, ephemeral tributaries (Cooper, Mammoth, and Turtle Washes). The San
Pedro River itself is ephemeral to intermittent along the 10-mile reach that runs through the
parcel; some perennial surface water is supported by an uncapped artesian well. The San Pedro is
one of the few remaining free-flowing rivers in the Southwest and it is recognized as one of the
more important riparian habitats in the Sonoran and Chihuahuan Deserts. The riparian corridor in
the parcel includes more than 800 acres of mesquite woodlands that also features a spring-fed
wetland.

Appleton Ranch. The Appleton Ranch Parcels are located along ephemeral tributaries to the
Babocomari River (Post, Vaughn, and O’Donnel Canyons). Woody vegetation is present along
watercourses as mesquite bosques, with very limited stands of cottonwood and desert willow.

No specific water sources have been identified on the Apache Leap South Parcel or the Dripping
Springs Parcel.

Specific management of water resources on the offered lands would be determined by the agencies, but in
general when the offered lands enter Federal jurisdiction, these water sources would be afforded a level of
protection they currently do not have under private ownership.
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EFFECTS OF FOREST PLAN AMENDMENT

The “Tonto National Forest Land Management Plan” (2023) provides guidance for management of lands
and activities on the Tonto National Forest. Plan components guide project and activity decision-making

and are required in the forest plan. They include desired conditions, objectives, standards, guidelines, and
suitability of lands (U.S. Forest Service 2023d:15-17).

A review of all components of the 2023 forest plan was conducted to identify the need for amendment
due to the effects of the project (SWCA Environmental Consultants 2025). The review determined that
Alternatives 2, 3, and 4 would be inconsistent with six desired conditions and one guideline related to
riparian areas, seeps, springs, and wetlands: RMZ-DC-01, RMZ-DC-02, RMZ-DC-03, RMZ DC-06,
RMZ-DC-08, RMZ DC-09, and RMZ-G-05 (see table 1.4.3-1). A plan amendment would be required for
Alternatives 2, 3, and 4 that would except these alternatives from complying with the six desired
conditions and one guideline. Alternatives 5 and 6 are consistent with these desired conditions and
guideline and would not require exception of these forest plan components in an amendment.

The impacts to riparian areas, seeps, springs, and wetlands from the Resolution Copper Project are
primarily due to existing groundwater pumping, block caving from the mine itself (located on private
land), and future subsidence (located on land that will become private as part of the land exchange), along
with direct impacts from the tailings facilities. Existing groundwater pumping, block caving on private
land, and subsidence would not be authorized by Forest Service decisions and are not activities that would
take place on NFS lands. Therefore, impacts from these actions are not pertinent to forest plan
consistency.

Alternatives 2, 3, and 4 would all construct tailings facilities on NFS land. Direct impacts on riparian
areas, seeps, springs, and wetlands would include the following:

e Alternatives 2 and 3: Three springs would be directly disturbed by the tailings storage facility;
two perennial stream reaches on Queen Creek would be impacted by reduced runoff from the
tailings.

e Alternative 4: Two springs would be directly disturbed by the tailings storage facility; two
perennial stream reaches on Queen Creek would be impacted by reduced runoff from the tailings.

e Alternatives 2, 3, and 4: There would be entrainment, evaporation, watershed losses, and seepage
from tailings facilities.

These impacts would contribute toward a reduction in riparian areas, seeps, springs, and wetlands across
the Tonto National Forest.

Alternatives 5 and 6 would not authorize tailings facilities on NFS lands; therefore, impacts resulting
from tailings facilities are not pertinent to forest plan consistency.

EFFECTS OF COMPENSATORY MITIGATION LANDS

None of the activities anticipated on the compensatory mitigation lands are expected to require
groundwater use or have an impact on groundwater availability. Overall, the planned activities are
designed and intended to improve the function of GDEs associated with these riparian areas.

EFFECTS OF RECREATION MITIGATION LANDS

The recreation mitigation lands are not anticipated to affect groundwater quantity or GDEs. None of the
activities associated with the recreation mitigation lands are expected to require groundwater use or have
an impact on groundwater availability.
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SUMMARY OF APPLICANT-COMMITTED ENVIRONMENTAL PROTECTION MEASURES

A number of environmental protection measures are incorporated into the design of the project that would
act to reduce potential impacts on groundwater quantity and GDEs. These are non-discretionary measures
and their effects are accounted for in the analysis of environmental consequences.

From the GPO (2016¢), Resolution Copper has committed to various measures to reduce impacts on
groundwater quantity and GDEs:

e  Groundwater levels will be monitored at designated compliance monitoring wells located
downstream of the tailings storage facility seepage recovery embankments in accordance with the
requirements of the APP program;

e All potentially impacted water will be contained on-site during operations and will be put to
beneficial use, thereby reducing the need to import makeup water;

e Approximately 60 percent of Resolution Copper’s water needs will be sourced from long-term
storage credits (surface stored underground®). In addition, in September 2021, the allocation of a
Non-Indian Agriculture CAP allotment was finalized. In 2022, this water was delivered to
NMIDD and may be used similarly in the future for continued aquifer recharge;

e As much water as possible will be recycled for reuse; and

e The water supply will also include the beneficial reuse of existing low-quality water sources such
as impacted underground mine dewatering water.

HYDROLOGIC CHANGES ANTICIPATED FROM MINING ACTIVITIES

The block caving conducted to remove the ore body would unavoidably result in fracturing and
subsidence of overlying rocks. These effects would propagate upward until reaching the ground surface
approximately 6 years after block caving begins (Garza-Cruz and Pierce 2017). It is estimated that the
subsidence area that would develop at the surface would be approximately 800 to 1,100 feet deep

(see Section 3.2, Geology, Minerals, and Subsidence).

Fracturing and subsidence of rock units would extend from the ore body to the surface. This includes
fracturing of the Whitetail Conglomerate that forms a barrier between the deep groundwater system and
the Apache Leap Tuff aquifer. When the Whitetail Conglomerate fractures and subsides, a hydraulic
connection is created between all aquifers. Effects of dewatering from the deep groundwater system
would extend to the Apache Leap Tuff aquifer at this time.

CHANGES IN BASIN WATER BALANCE — MINE DEWATERING

Mine dewatering is estimated to remove approximately 87,000 acre-feet of water from the combined deep
groundwater system and Apache Leap Tuff aquifer over the life of the mine, or about 1,700 acre-feet per
year (Meza-Cuadra et al. 2018a).

ANTICIPATED IMPACTS FOR GROUNDWATER-DEPENDENT ECOSYSTEMS (UP TO 200 YEARS
AFTER START OF MINING)

As assessed in this EIS, GDEs can be impacted in several ways:

e Ongoing dewatering (described in the no action alternative section)

% More discussion about Resolution Copper’s accumulation of long-term storage credits, or agreements for obtaining long-term

storage credits, is included in Chapter 4, Cumulative Effects.
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e Expansion of dewatering impacts caused by the block caving (described in this section)

e Direct physical disturbance by either the subsidence area or tailings storage facilities (described
in following sections for each individual alternative)

e Reduction in surface flow from loss of watershed due to subsidence area or tailings facility
(described in section 3.7.3 and also summarized in this section)

Six springs experienced drawdown greater than 10 feet under the no action alternative, and these springs
are also impacted under the proposed action (Bitter, Bored, Hidden, McGinnel, McGinnel Mine, and
Walker Springs). Under the proposed action, the hydrologic changes caused by the block caving would
allow the dewatering impacts to expand, impacting two additional springs: Kane Spring and DC6.6W.
Impacts on springs under the proposed action are summarized in table 3.7.1-3 and figure 3.7.1-11 and are
shown along with the model results (10-foot drawdown contour) in figure 3.7.1-3. Hydrographs of
drawdown under the proposed action for all GDEs are also included in appendix L.

As one strategy to address the uncertainty inherent in the groundwater model, sensitivity modeling runs
were also considered in addition to the base case model. The sensitivity modeling runs strongly confirm
the impacts on the eight springs listed earlier in this section. Sensitivity runs show additional impact could
be possible in Middle Devil’s Canyon (locations DC8.8C, DC8.2CW, and DC8.1C), in Queen Creek
below Superior, and at Iberri Spring. In each case, however, the large majority of sensitivity runs are
consistent with the base case modeling and show drawdown less than 10 feet. Based on the sensitivity
runs, impacts at these locations may be possible but are considered unlikely.

The 10-foot drawdown contour shown on figure 3.7.1-3 represents the limit of where the groundwater
model can reasonably predict impacts, either with the best-calibrated model (orange area) or the model
sensitivity runs (yellow area). GDEs falling within this contour are anticipated to be impacted. GDEs
outside this contour may still be impacted, but it is beyond the ability of the model to predict.

ANTICIPATED IMPACTS ON DEVIL'S CANYON

Groundwater inflow along the main stem of Devil’s Canyon is not anticipated to be impacted using the
best-calibrated groundwater model; however, tributary flow from spring DC-6.6W along the western edge
of Devil’s Canyon is anticipated to be impacted. Based on field measurements, flow from this spring
contributes up to 5 percent of flow in the main channel downstream at location DC-5.5C (Newell and
Garrett 2018d). There is little indication that any other springs along Devil’s Canyon or groundwater
contribution to the main stem of the stream would be impacted; out of 87 modeling runs, only a single
modeling run indicates impact on GDE locations in Devil’s Canyon besides spring DC-6-6W.

Potential runoff reductions in Devil’s Canyon are summarized in table 3.7.1-5. Percent reductions in
average annual flow due to the subsidence area range from 5.6 percent in middle Devil’s Canyon to

3.5 percent at the confluence with Mineral Creek; percent reductions during the critical low-flow months
of May and June are approximately the same. Combined with loss from spring DC-6.6W due to
groundwater drawdown, total estimated flow reductions along the main stem of lower Devil’s Canyon
caused by the proposed project could range from 5 to 10 percent.

The habitat in Devil’s Canyon downstream of spring DC-6.6W and the subsidence area that would
potentially lose flow includes a roughly 2.1-mile-long, 50-acre riparian gallery, and a 0.5-mile-long
continuously saturated reach that includes several large perennial pools. Riparian vegetation in this
portion of the canyon ranges from 40 to 300 feet wide. Dominant riparian species are sycamore,
cottonwood, ash, alder, and willow, as well as wetland species at spring locations.

The anticipated 5 to 10 percent loss in flow during the dry season could contribute to a reduction in the
extent and health of riparian vegetation and aquatic habitat.
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Groundwater and surface flow declines have altered riparian ecosystems throughout the Southwest.
Studies have linked declines in pioneer riparian trees such as cottonwood and willow to changes in
hydrologic conditions. Statistically, the presence of these trees is linked to the persistence of surface flow,
depths to groundwater, and inter-annual fluctuations in groundwater depth. Changes in riparian makeup
are not restricted solely to mortality, caused when groundwater depths exceed the limit at which
cottonwood and willow trees can readily access the water table. Smaller changes in water availability can
affect the overall health and vitality of these species, leading to a shift in species composition toward
more drought-tolerant saltcedar and mesquite. While complete drying of the downstream habitat, loss of
dominant riparian vegetation, or loss of standing pools is unlikely, smaller flow reductions could still
drive material changes in the riparian habitat.

ANTICIPATED IMPACTS ON SPRINGS

It is not possible to precisely predict what impact a given drawdown in groundwater level would have on
an individual spring; however, given the precision of the model (10 feet), it is reasonable to assume any
spring with anticipated impact of this magnitude could experience complete drying.

Bored Spring has the highest riparian value, supporting a standing pool and a 500-foot riparian string of
cottonwood, willow, mesquite, saltcedar, and sumac. The loss of water to this spring would likely lead to
complete loss of this riparian area.

Hidden, McGinnel, McGinnel Mine, Walker, Bitter, and Kane Springs all have infrastructure
improvements to some degree and host relatively little riparian vegetation, although standing water and
herbaceous and wetland vegetation may be present. The loss of flowing water would likely lead to
complete loss of these pools and fringe vegetation.

ANTICIPATED IMPACTS ON QUEEN CREEK

Impact on the flowing reach of Queen Creek between Superior and Boyce Thompson Arboretum is not
anticipated under the best-calibrated model run, and impact is anticipated under less than 5 percent of the
sensitivity model runs (4 of 87 sensitivity runs suggest an impact). Impacts on groundwater inflow in this
reach are considered possible, but unlikely.

This reach is believed to potentially have three sources of flow (Garrett 2018e):

e groundwater inflow into this reach is possible and assumed, but not certain;

o cffluent from the Town of Superior Wastewater Treatment Plant occurs and is estimated at
170 acre-feet per year; and

o discharge of groundwater from a perlite mine pit southwest of Superior is estimated at 170 acre-
feet per year.

Aside from groundwater drawdown, this reach of Queen Creek also would see reductions in runoff due to
the subsidence area, ranging from about 19 percent in Superior to 13 percent at Boyce Thompson
Arboretum (see table 3.7.1-5). The anticipated 13 to 19 percent loss in flow during the dry season could
contribute to a reduction in the extent and health of riparian vegetation and aquatic habitat. The complete
drying of the downstream habitat, loss of dominant riparian vegetation, or loss of standing pools would be
unlikely.

Between Boyce Thompson and Whitlow Ranch Dam, Queen Creek is largely ephemeral, and habitat is
generally xeroriparian in nature, accustomed to ephemeral, periodic flows. Impacts on this type of
vegetation would be unlikely due to surface flow reductions. The riparian area along Queen Creek at
Whitlow Ranch Dam would be impacted by reductions in surface flow of roughly 3.5 percent.

The groundwater levels in this area are primarily controlled by the fact that this area represents the
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discharge point for the Superior basin and the influence of Whitlow Ranch Dam impounding flow. Given
this control, a 3.5 percent change in surface flow would be unlikely to greatly affect groundwater levels at
this location, nor does the groundwater flow model predict any drawdown at this distance from the mine.
Impacts on the riparian area at Whitlow Ranch Dam would not be expected to be substantial.

The location on Queen Creek most at risk is likely above Superior, with possible surface flow losses of
more than 19 percent. Reduction in runoff volume could reduce the amount of water temporarily stored in
shallow alluvium or fracture networks. Impacts above Superior could include a reduction or loss of
spring/stream flow, increased mortality or reduction in extent or health of riparian vegetation similar to
that described for Devil’s Canyon, and reduction in the quality or quantity of aquatic habitat from loss of
flowing water, adjacent vegetation, or standing pools.

POTENTIAL IMPACT ON SURFACE WATER RIGHTS FROM GROUNDWATER DRAWDOWN

Arizona law allows for the right to appropriate and use surface water, generally based on a “first in time,
first in right” basis. This function is administered by the ADWR, which maintains databases of water
right filings, reviews applications and claims, and when appropriate issues permits and certificates of
water right. However, water right filings can be made on the same surface water by multiple parties,

and at this time almost all Arizona surface waters are over-appropriated with no clear prioritization of
overlapping water rights. In addition, the State of Arizona has a bifurcated water rights system in which
groundwater and surface water use are considered separately, and state law as of yet provides no clear
framework for the interaction between groundwater and surface water uses.
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Table 3.7.1-5. Summary of potential impacts on groundwater-dependent ecosystems from surface flow losses due to subsidence from block caving or
tailings storage facility stormwater controls

Reference
Number on
Figure 3.7.1-9

GDE

Summary of Expected Impacts on GDEs

Queen Creek and Tributaries

Not numbered
on figure

Queen Creek above Superior (from confluence with
Oak Flat Wash (~km 26) to Magma Avenue Bridge (km
21.7), including springs QC23.6C (Boulder Hole),
Queen Seeps, and QC22.6E (Karst Spring))

No Action — No reduction in runoff would occur from subsidence.

Proposed Action — Reduction in surface runoff volume due to subsidence is estimated to be 18.6% at
Magma Avenue Bridge (see Section 3.7.3, Surface Water Quantity). Reduction in runoff volume could
reduce amount of water temporarily stored in shallow alluvium or fracture networks. Impacts above
Superior could include a reduction or loss of spring/stream flow, increased mortality or reduction in extent
or health of riparian vegetation, and reduction in the quality or quantity of aquatic habitat from loss of
flowing water, adjacent vegetation, or standing pools.

Not numbered
on figure

Queen Creek below Superior (from Magma Avenue
Bridge (km 21.7) to Whitlow Ranch Dam (km 0))

No Action — No reduction in runoff would occur from subsidence or tailings alternatives.

Proposed Action/Subsidence — Reduction in surface runoff volume due to subsidence is estimated to
range from 13.4% reduction at Boyce Thompson Arboretum to 3.5% reduction at Whitlow Ranch Dam.
Channel largely ephemeral and habitat is generally xeroriparian in nature, accustomed to ephemeral,
periodic flows. Impacts on this type of vegetation would be unlikely due to surface flow reductions of this
magnitude. For the effluent- and groundwater-supported reach between Superior and Boyce Thompson
Arboretum, the anticipated 13 to 19 percent loss in flow during the dry season could contribute to a
reduction in the extent and health of riparian vegetation and aquatic habitat.

Alternative 2 and 3 — The combined reduction in runoff volume from subsidence with a reduction in runoff
volume due to a tailings storage facility at the Near West location (Alternative 2 or 3) is estimated as
6.5% at Whitlow Ranch Dam. Channel largely ephemeral and habitat is generally xeroriparian in nature,
accustomed to ephemeral, periodic flows. Impacts on this type of vegetation would be unlikely due to
surface flow reductions of this magnitude.

Alternative 4 — The combined reduction in runoff volume from subsidence with a reduction in runoff
volume due to a tailings storage facility at the Silver King location (Alternative 4) is estimated to range
from a 19.9% reduction at Boyce Thompson Arboretum to an 8.9% reduction at Whitlow Ranch Dam.
Reduction in runoff volume could reduce the amount of water temporarily stored in shallow alluvium or
fracture networks. Impacts at Boyce Thompson Arboretum could include a reduction or loss of
spring/stream flow, increased mortality or reduction in extent or health of riparian vegetation, and
reduction in the quality or quantity of aquatic habitat from loss of flowing water, adjacent vegetation, or
standing pools.

Whitlow Ranch Dam Outlet

No Action — Drawdown is not anticipated.

Proposed Action — Additional drawdown due to block caving is not anticipated, and reduction in surface
runoff is anticipated 3.5%, but impacts on riparian vegetation are unlikely due to geological controls on
groundwater levels. Location would be monitored during operations for verification of potential impacts.

15

Oak Flat Wash

No Action — No reduction in runoff would occur from subsidence.

Proposed Action — A portion of the Oak Flat Wash drainage is within the subsidence area, and a
reduction in surface water volume is anticipated. These impacts are already incorporated into the
quantitative modeling for Queen Creek.
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Reference
Number on GDE Summary of Expected Impacts on GDEs
Figure 3.7.1-9
Devil’s Canyon and Tributaries
16 Devil’'s Canyon (from km 9.3 to confluence with Mineral No Action — No reduction in runoff would occur from subsidence.
Creek (km 0)) Proposed Action — Reduction in surface runoff volume due to subsidence ranges from 5.6% reduction at
DC8.1C to 3.5% reduction at confluence with Mineral Creek (see Section 3.7.3, Surface Water Quantity).
During critical dry season (May/June), percent reductions are approximately the same. Flow reductions
could contribute to a reduction in the extent and health of riparian vegetation and aquatic habitat.
Complete drying of the downstream habitat, loss of dominant riparian vegetation, or loss of standing
pools would be unlikely.
17 Rancho Rio Canyon (RR1.5C) No Action — No reduction in runoff would occur from subsidence.

Proposed Action — A portion of the Rancho Rio Canyon drainage is within the subsidence area, and a
reduction in surface water volume is anticipated. These impacts are already incorporated into the
quantitative modeling for Devil’'s Canyon.
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To remedy these issues, a legal proceeding called the General Stream Adjudication of the Gila River is
being undertaken through the Arizona court system. Goals of the adjudication include clarifying the
validity and priority of surface water rights and providing a clear legal framework for when groundwater
withdrawals would impinge on surface water rights. The adjudication has been underway for several
decades, and while progress has been made, many issues remain unresolved, including any prioritization
or validation of water rights in the analysis area.

Groundwater drawdown associated with the project is anticipated to impact eight GDEs. Known surface
water filings associated with these GDEs are summarized in table 3.7.1-6. The Forest Service analysis
identifies and discloses possible loss of water to these GDEs; however, the impact on any surface water
rights from a legal or regulatory standpoint cannot yet be determined due to the ongoing adjudication.

Table 3.7.1-6. Summary of water right filings associated with GDEs impacted by groundwater drawdown

Specific GDE Potentially Impacted

by Groundwater Drawdown Arizona Water Right Filings

DC-6.6W Spring Filing of Statement of Claim of Right to Use Public Waters of the State, 36-1757, filed 1986
by ASLD
Bitter Spring Filing of Statement of Claim of Right to Use Public Waters of the State, 36-24054,

filed 1979 by Tonto National Forest

Bored Spring Application for a Permit to Appropriate Public Waters of the State of Arizona #A-2014,
filed 1938 by Crook National Forest

Permit to Appropriate #A-1376, issued 1939 to Crook National Forest by State Water
Commissioner

Certificate of Water Right #955, issued 1941 to Crook National Forest by State Water
Commissioner

Hidden Spring Filing of Statement of Claim of Right to Use Public Waters of the State, 36-24052,
filed 1979 by Tonto National Forest
Kane Spring No filings identified
McGinnel Mine Spring Application for a Permit to Appropriate Public Waters of the State of Arizona, 33-94335,

filed 1988 by Tonto National Forest
Proof of Appropriation of Water, 33-94335, filed 1989 by Tonto National Forest

Permit to Appropriate Public Waters of the State of Arizona, 33-94335, issued 1989 by
ADWR

Certificate of Water Right 33-94355, issued 1990 by ADWR

McGinnel Spring Statement of Claim of Right to Use Public Waters of the State, 36-24049, filed 1979 by
Tonto National Forest

Walker Spring No filings identified

Note that potential impacts to water rights from anticipated changes in surface flow, including for the
community of Queen Valley (which was raised specifically in public comments), are discussed in
Section 3.7.3, Surface Water Quantity.

ANTICIPATED IMPACTS ON WATER SUPPLY WELLS

Many domestic and stock water supply wells in the area are shallow and likely make use of water stored
in shallow alluvium or shallow fracture networks. These wells are unlikely to be impacted by
groundwater drawdown from the mine. However, groundwater drawdown caused by the mine could
affect groundwater supplies for wells that may draw from either the regional Apache Leap Tuff aquifer or
the deep groundwater system. Drawdown from 10 to 30 feet is anticipated in wells in the Superior area, as
shown in table 3.7.1-4. In addition, in about 20 percent of sensitivity modeling runs, impacts from 10 to
30 feet could also occur in wells near Top-of-the-World. In total, 53 registered wells are located within
the 10-foot drawdown contour for the best-calibrated base-case model (48 exempt wells, five non-exempt
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wells), and 124 registered wells lie within the expanded 10-foot drawdown contour from the sensitivity
modeling runs (111 exempt wells, 13 non-exempt wells.”

The applicant-committed mitigation measures include remedying any impacts on water supply wells
caused by drawdown from the project (see mitigation measure FS-WR-01, discussed later in this section).

LONGER TERM MODELED IMPACTS — SPRINGS IN THE QUEEN CREEK BASIN

Under the proposed action, drawdown continues to propagate well beyond 200 years. The modeled
groundwater level trends generally suggest maximum drawdown does not occur until 600 to 800 years
after the end of mining at the distant spring locations (Morey 2018d).

As described earlier in this section, eight of the springs (Bitter, Bored, Hidden, Kane, McGinnel,
McGinnel Mine, Walker, and DC6.6W) see impacts great enough under either the no action alternative or
proposed action to effectively dry the spring. The remaining springs without anticipated impacts (Iberri,
No Name, and Rock Horizontal) may still experience drawdown beyond 200 years, but the magnitude and
trends of drawdown observed are unlikely to change the anticipated impacts (see hydrographs in
appendix L).

LONGER TERM MODELED IMPACTS — DEVIL’'S CANYON

For most of Devil’s Canyon (including spring DC-6.6W), drawdown under the proposed action scenario
reaches its maximum extent within 50 to 150 years after the end of mining; the impacts shown in table
3.7.1-3 likely represent the maximum impacts under the proposed action scenario.

LONGER TERM MODELED IMPACTS — QUEEN CREEK, TELEGRAPH CANYON, AND ARNETT
CREEK

Predicted drawdown at Queen Creek, Telegraph Canyon, and Arnett Creek did not exceed the quantitative
10-foot drawdown threshold, except in a small number of sensitivity modeling runs. However, predicted
groundwater level trends indicate that the maximum drawdown would not occur at these locations for
roughly 500 to 900 years, suggesting impacts could be greater than those reported in table 3.7.1-3 (Morey
2018d).

For Telegraph Canyon and Arnett Creek, while drawdown may still be occurring beyond 200 years,
the magnitude and trends of drawdown observed are unlikely to change the anticipated impacts (see
hydrographs in appendix L).

For the flowing reach of Queen Creek below Superior, while the impacts predicted by the best-calibrated
model did not exceed the quantitative threshold of 10 feet, trends of drawdown suggest this could occur
after 200 years. With consideration to the uncertainties in the analysis, impacts on the groundwater-
related flow components of Queen Creek appear to be possible to occur at some point.

LONGER TERM MODELED IMPACTS — WATER SUPPLIES

Potential impacts on groundwater supplies associated with the regional aquifer were already identified as
possible for both Top-of-the-World and Superior. The predicted groundwater trends suggest that the
impacts shown in table 3.7.1-4 for Top-of-the-World are likely the maximum impacts expected (Morey
2018d). However, the groundwater trends for wells in Superior (represented by well DHRES-16_753)
suggest that maximum drawdown would not occur until roughly 600 years after the end of mining.

70 Under Arizona state law, exempt wells are smaller wells with a pump capacity of less than 35 gallons per minute (ARS 45-
454).
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Impacts on groundwater supplies relying on the regional deep groundwater system near Superior may
continue to worsen beyond the results report in table 3.7.1-4.

POTENTIAL FOR LAND SUBSIDENCE DUE TO GROUNDWATER PUMPING

Two areas have the potential for land subsidence due to groundwater pumping: the area around the East
Plant Site and mining panels where dewatering pumping would continue to occur, and the area around the
Desert Wellfield. While small amounts of land subsidence attributable to the dewatering pumping have
been observed around the East Plant Site using satellite techniques (approximately 1.5 inches, between
2011 and 2016), once mining operations begin, any land subsidence due to pumping would be subsumed
by subsidence caused by the block caving (estimated to be 800 feet deep, and possibly as deep as

1,100 feet at the end of mining).

Drawdown associated with the Desert Wellfield would contribute to lowering of groundwater levels in the
East Salt River valley subbasin, including near two known areas of known ground subsidence. In the
DEIS, we noted that further detailed analysis of land subsidence resulting from groundwater withdrawal
is not feasible beyond noting the potential for any pumping to contribute to drawdown and subsidence.
Subsidence effects are a basin-wide phenomenon, and the impact from one individual pumping source
cannot be predicted or quantified.

Public comments on the DEIS questioned this premise, suggesting that analytical tools exist to model
subsidence attributable to a sole water user. We discussed this concept with the reconvened Water
Resources Workgroup. While recognizing that all water users contribute to basin subsidence, we
developed a methodology for assessing the potential magnitude of such impacts and applied it to the
Desert Wellfield water supply pumping (Walser 2020b).

Groundwater levels in and around the Desert Wellfield declined from the earliest records around 1960
until about the mid-1990s. Magnitudes of drawdown near the Desert Wellfield range from 80 to 130 feet.
Groundwater levels subsequently recovered in the vicinity of the Desert Wellfield due to changes in water
management, rising 60 to 85 feet.

A well-known subsidence area in the East Salt River valley occurs near Apache Junction, close to a
geographic feature known as Hawk Rock. This area is located about 6 miles northwest of Desert
Wellfield. Subsidence in the Hawk Rock area has been mapped since 1933. This information, when
combined with measurements of groundwater levels, approximates the amount of subsidence a certain
amount of groundwater drawdown could cause. Rates of subsidence in the Hawk Rock area between
roughly 1992 and 2000 were about 0.8 to 1.2 inches per year. During this same time frame, groundwater
drawdown averaged 2.8 feet per year, corresponding to 0.3 to 0.4 inch of subsidence per foot of
groundwater drawdown.

The maximum drawdown estimate in the center of the Desert Wellfield is about 210 feet at the end of
mine operations. An important aspect of subsidence is that it is irreversible; once sediment layers collapse
when dewatered, they remain collapsed even if water levels recover. Because of this, we can estimate that
no subsidence would occur until groundwater levels decline below their historic lows, which were 80 to
130 feet lower than current water levels. The maximum drawdown modeled for the Desert Wellfield

(210 feet under Alternative 2) would decline from 80 to 130 feet beyond the historic lows. These declines
could contribute to subsidence. Using Hawk Rock as an analog, drawdowns associated with the Desert
Wellfield likely would result in subsidence of roughly 24 to 52 inches.

It is important to note the limitations of this estimate. Subsidence occurred in the Hawk Rock area
because groundwater levels were declining across a wide swath of the East Salt River valley. By contrast,
the groundwater level declines from the Desert Wellfield are focused in a relatively small area. Modeled
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groundwater drawdown beyond historic lows is not anticipated to occur more than 2 miles from the
Desert Wellfield; this is different from the basin-wide declines contributing to earlier subsidence.

There are numerous societal costs associated with land subsidence caused by basin-wide pumping, but
specific impacts are unpredictable. Gradual widespread regional subsidence may have no effect at all on
infrastructure, whereas the opening of earth fissures due to subsidence can directly destroy infrastructure.
Earth fissures generally occur at specific places in the basin driven by underlying geologic geometry,
often near the margins of groundwater basins. Specifically mapped fissures have been identified near
Apache Junction and along the San Tan Mountains, but not in the immediate vicinity of the Desert
Wellfield.

Some of the more common damage associated with earth fissures includes:

e Cracked or collapsing roads

e Broken pipes and utility lines

e Damaged or breached canals

e Cracked foundation/separated walls
e Damaged well casing or wellhead

e Disrupted drainage

INDIRECT EFFECTS ON CUTTER BASIN

During the re-initiation of Tribal consultation in 2021-2022, concerns were raised by the San Carlos
Apache Tribe about indirect impacts to Tribal water resources in the Cutter Basin caused by Resolution
Copper dewatering around the East Plant Site, as well as long-term changes in regional groundwater from
block-caving. The concern raised was not that drawdown from the Resolution Copper Project would
directly impact the Cutter Basin, but that drawdown from the Resolution Copper Project would impact
regional water supplies, which might then result in water users replacing lost water resources with
additional pumping in the Cutter Basin. In response to these comments, the Forest Service conducted an
analysis of these potential indirect effects (Garrett 2023b), summarized below.

The Cutter Basin is not an officially recognized groundwater basin, but is a common term used to
describe an area roughly encompassed by the Gilson Wash watershed (10-digit HUC 1504000703). This
area is part of the wider Safford Groundwater Basin, a basin officially designated by the ADWR (see
figure 3.7.1-4). The Cutter Basin is highly similar to other basins in the area (including Dripping Springs
Wash). Deep basin-fill sediments—primarily the Quaternary/Tertiary Gila Conglomerate—are underlain
by Precambrian igneous and sedimentary bedrock. Most of the Cutter Basin is within the boundaries of
the San Carlos Apache Reservation. However, a portion of the Cutter Basin extends west of the
reservation boundary. A number of water supply wells have been installed in this area of the Cutter Basin
immediately adjacent to the reservation, often referred to as the Cutter Wellfield, as shown on figure
3.7.1-4. These wells have been installed by the City of Globe and several mining companies.

Detailed well logs in the vicinity of these water supply wells indicate that the wells clearly draw water
from the Gila Conglomerate. Long-term water level monitoring in the immediate vicinity of the wellfield
shows that, between 1990 and 2020, groundwater levels have exhibited long-term decline of around

140 feet. This long-term drawdown very likely extends into the portion of the aquifer that lies below the
San Carlos Apache Reservation.

Regional geology extending to the Cutter Basin is shown in figure 3.7.1-12, and a geologic cross section
extending from the Resolution Copper mine site to the Cutter Basin is shown in figure 3.7.1-13.
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Groundwater modeling of potential impacts indicates that drawdown from the Resolution Copper Project
would not extend to this area (see figure 3.7.1-3). In addition, the Resolution Copper dewatering is far
removed from the Cutter Basin, in a different groundwater basin, and separated by the relatively
impermeable bedrock of the Pinal Mountains (see figure 3.7.1-13). However, direct impacts are not the
issue of concern, but rather whether the Resolution Copper Project could affect closer water supplies and
thus trigger cascading effects that ultimately could cause more pumping from the Cutter Basin.

The impact of the Resolution Copper Project’s dewatering drawdown on water supply wells is analyzed
in the EIS (see table 3.7.1.4). The nearest water supply to the Resolution Copper Project—Top of the
World—is anticipated to be impacted. While the base case modeling does not indicate drawdown greater
than 10 feet, about 20 percent of the sensitivity modeling runs indicate impact could occur, leading the
analysis to conclude that: “Additional drawdown due to block caving is anticipated for water supply wells
in this area, except for those completed solely in alluvium or shallow fracture systems. Impacts could
include loss of well capacity, the need to deepen wells, the need to modify pump equipment, or increased
pumping costs.”

This is the type of impact to a regional water supply that potentially could cascade to indirectly cause
greater pumping from the Cutter Basin. However, the analysis continues to note that this potential impact
to these regional water users is addressed by mitigation. Specifically, measure FW-WR-01 in appendix R
is a Forest Service-required mitigation related to groundwater-dependent ecosystems and public supply
wells. If drawdown related to the mine affects the Top-of-the-World supply wells, the Forest Service
requires and Resolution Copper has committed to deepen or replace the wells, or if that proves
ineffective, provide an alternative water supply. Since these potential impacts from Resolution Copper’s
drawdown are mitigated, there would be no motive for Top-of-the-World residents to obtain water from
the Cutter Basin, or another nearby source.

The next closest regional water user to the Resolution Copper Project is the Town of Superior, west of the
East Plant Site. Potable water is supplied to the Town of Superior by Arizona Water Company and is
imported into the area via pipeline from the East Salt River valley. Other production wells in the Superior
Basin that are not tied to the Arizona Water Company system could be impacted by mine drawdown.

The analysis estimates 10 to 30 feet of drawdown could occur in these wells. However, in a similar
manner to Top-of-the-World, Resolution Copper would mitigate any potential impacts via measure FS-
WR-01, and there would be no motive for Superior Basin water users to obtain water from the Cutter
Basin, or another nearby source.

Aside from Top-of-the-World and the Town of Superior/Superior Basin water users, the next closest
regional water user is the Pinto Valley Mine. The mine is located approximately 2 to 3 miles east from
Top-of-the-World, and lies beyond the analysis area for Resolution Copper groundwater drawdown
impacts (see figure 3.7.1-3). In addition, Pinto Valley obtains most of its water supply from the Gila
Conglomerate, a completely different hydrogeologic unit than those impacted by the block-caving and
dewatering in the vicinity of the mine site (the Apache Leap Tuff and the Whitetail Conglomerate) (U.S.
Forest Service 2021d). It would be unlikely that Resolution Copper pumping would impact Pinto Valley
Mine water supplies or cause Pinto Valley Mine to seek water supplies elsewhere.
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In addition to groundwater drawdown, the potential for groundwater quality changes to drive changes in
groundwater supply was also assessed (Garrett 2023b), drawing upon the analysis in section 3.7.2 of the
FEIS. Groundwater quality changes in the block-caving area were not found to be likely to impact
regional water supplies.

Arizona state law also restricts any movement of groundwater from the Cutter Basin into the adjacent
groundwater basins, including the Pinal AMA or Phoenix AMA, and these areas are neither adjacent nor
readily accessible. For instance, there are three other groundwater basins interposed between the Pinal
AMA and the Cutter Basin/Safford Groundwater Basin: the Donnelly Wash Groundwater Basin, the
Lower San Pedro Groundwater Basin, and the Dripping Springs Wash Groundwater Basin. Water users in
Pinal County would not legally be able to pull water from the Cutter Basin/Safford Groundwater Basin,
and transporting water that distance (at least 50 miles) would be physically unlikely as well.

To summarize the conclusions of the analysis conducted in response to these concerns:

e The City of Globe and other water supply wells located adjacent to the San Carlos Apache
Reservation appear to be physically impacting water resources in the area known as the Cutter
Basin.

e If groundwater impacts from the Resolution Copper Project were to impact regional suppliers,
it is conceivable that pumping in the Cutter Basin could increase and further affect groundwater
resources of the San Carlos Apache Tribe.

e However, the analysis finds that there are no reasonable cascading effects by which Resolution
Copper’s actions would increase pumping adjacent to the San Carlos Apache Tribe.

e With respect to drawdown, potential impacts from the block caving to regional water users would
be mitigated if they occurred. With respect to water quality, acknowledging the uncertainties, the
best available analysis suggests water quality in the block-cave zone would not exceed water
quality standards, and the potential for movement of that water away from the block-cave zone
(and thus the ability to impact regional water supplies) is remote.

e Further, there are substantial legal restrictions on the ability for any regional water users to move
groundwater away from adjacent groundwater basins like the Cutter Basin/Safford Groundwater
Basin.

Alternative 2 — Near West Proposed Action

GROUNDWATER-DEPENDENT ECOSYSTEMS IMPACTED

Three GDEs would be directly disturbed by a tailings facility at the Near West site: Bear Tank Canyon
Spring, Benson Spring, and Perlite Spring. All three of these GDEs are believed to be disconnected from
the regional aquifers, relying on precipitation stored in shallow alluvium or fracture networks. Benson
Spring is located near the front of the facility, potentially under the tailings embankment. Bear Tank
Canyon Spring is located in the middle of the facility under the NPAG tailings, and Perlite Spring is
located at the northern edge of the facility, near the PAG tailings cell.

Alternative 2 likely will impact 20 GDEs (see figure 3.7.1-11):

e Six springs are anticipated to be impacted from continued dewatering under the no action
alternative.

e Two additional springs are anticipated to be impacted under the proposed action, because of the
block-cave mining.
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Three springs and three ponds are directly disturbed by the subsidence area.
Three springs are directly disturbed by the Alternative 2 tailings storage facility.
One perennial stream (Devil’s Canyon) is impacted by reduced runoff from the subsidence area.

Two perennial stream reaches on Queen Creek are impacted by reduced runoff from both the
subsidence area and the tailings.

CHANGES IN TAILINGS WATER BALANCE

The substantial differences in water balance between alternatives are directly related to the location and
design of the tailings storage facility. There are five major differences, as shown in table 3.7.1-7:

Entrainment. The tailings deposition method affects the amount of water that gets deposited and
retained with the tailings. Alternative 2 entrains about the same amount of water as the other
slurry tailings alternatives (Alternatives 3, 5, and 6), but substantially more than Alternative 4.

Evaporation. The tailings deposition method also affects the amount of water lost through
evaporation, even among slurry tailings. Alternative 2 evaporates a similar amount of water as
Alternatives 5 and 6, but substantially more than Alternatives 3 and 4.

Watershed losses. Watershed losses from the capture of precipitation depend primarily on the
location of the tailings storage facility and where it sits in the watershed. Surface runoff losses are
summarized in table 3.7.1-5, and are analyzed in greater detail in Section 3.7.3, Surface Water
Quantity.

Seepage. Differences in seepage losses are substantial between alternatives. Three estimates of
seepage are shown in table 3.7.1-7. The amount of seepage based on the initial tailings designs
using only the most basic level of seepage controls is shown, and primarily reflects the type of
tailings deposition and geology (WestLand Resources Inc. 2018b). After these initial designs,

the engineered seepage controls were refined as part of efforts to reduce impacts on water quality
from the seepage (Klohn Crippen Berger Ltd. 2019d). The estimated reduced seepage rates with
all engineered seepage controls in place, both during operations and post-closure, are also shown
in table 3.7.1-7. Alternative 2 loses more seepage than Alternatives 3 and 4, but less seepage than
Alternatives 5 and 6. The effects of seepage on gr