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Please find enclosed a summary of the Skunk Camp Tailings Storage Facility hypothetical ‘dry’
slumping extent analysis. The hypothetical ‘dry’ slumping extent represents a condition in which
there is minimal to no ponded water on the scavenger beach and a hypothetical slump of the Skunk
Camp TSF Main Embankment occurs. The results of this assessment compliment the TSF consequence
evaluation in the Resolution Project Draft Environmental Impact Statement and used to confirm
consequence classification identified in the Skunk Camp TSF risk assessment held on February 5 to 7,
2020.
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1 INTRODUCTION

Resolution Copper Mining LLC (RCM) is proposing to develop the Resolution Copper Project, an
underground copper mine approximately two miles east of the town of Superior in the Pioneer
Mining District, Pinal County, Arizona. Tonto National Forest (the Forest) issued the Draft
Environmental Impact Statement (DEIS) for the proposed Resolution Copper Project and Land
Exchange in August 2019 (Forest 2019). The DEIS identified the preferred Tailings Storage Facility
(TSF) alternative as the Alternative 6 — Skunk Camp. The DEIS also listed mitigation measures, some to
be completed prior to issuing the Final Environmental Impact Statement (FEIS), two of these include
(detailed description of mitigation measure are given in Figure 1.1 and Figure 1.2):

= FS-227: Conduct Refined FMEA before Final EIS for the Preferred Alternative

= FS-229: Development of an Emergency Action Plan for the Tailings Storage Facility for the
Preferred Alternative

The Forest disclosed the potential effects of a catastrophic TSF failure event in the DEIS based on Rico
et al. (2010), an empirical assessment method based on case histories. These results were used to
identify the consequence category of certain Potential Failure Modes (PFMs) for the Failure Modes
and Effects Analysis (FMEA) risk assessment held on February 5 to 7, 2020 to address FS-227.

During the risk assessment workshop it was agreed that not all PFMs would result in TSF failure
extent estimated by the Rico et al. (2010) methodology. For some of the PFMs in which the Skunk
Camp TSF Main Embankment hypothetically fails, it was agreed that the released tailings from the
‘dry’ scavenger beach (i.e., no ponded water on the scavenger beach) would result in slumping failure
that may not reach the Gila River.

KCB Consultants Ltd. (KCBCL) was asked to estimate the possible maximum extent of a hypothetical
slumping failure of the Skunk Camp TSF Main Embankment. This assessment compliments the Rico et
al. (2010) results to help classify PFMs into consequence categories and confirm the results of the
FMEA risk assessment (ref). The two TSF failure extent assessments (the Rico estimate and the
hypothetical ‘dry’ slumping estimate) are not representative of all PFMs, but potentially bracket the
likely major hypothetical failure extents.

The results of the hypothetical slumping failure would also be used in the preliminary Emergency
Action Plan (EAP) for the FEIS.

As the TSF design progresses and is constructed/operated failure mode assessments, risk
assessments, runout/inundation assessments and the EAP should be regularly updated.

Page 1
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Figure 1.1 Mitigation Measure FS-227: Conduct Refined FMEA before Final EIS for the Preferred
Alternative

F5-227: Conduct Refined FMEA before Final EIS for the Preferred Alternative

Description/overview:

The failure modes and effects analysis (FMEA) conducted by Resolution Copper is based on the DEIS
alternative design documents. With more refined designs and site-specific information, a more robust
and refined FMEA can be conducted. The Forest Service is requiring that this refined FMEA be
conducted between the DEIS and FEIS. This exercise will inform the requirements to be specified in the
ROD and ultimately incorporated into a final plan of operations.

The refined FMEA would be a collaborative group process that would be led by the Forest Service. It is
likely to include Forest Service personnel, cooperating agency representatives, Resolution Copper and
their tailings experts and contractors, and the NEPA team and their tailings experts, This group would
identify possible failure modes, their likelihood of occurring, the level of confidence in the predictions,
the severity of the consequences if that failure mode were to occur, and possible controls to reduce the
risk of failure. The collaborative group would likely also be asked to identify a reasonable failure
scenario to use in a refined breach analysis.

During an FMEA, the tailings storage facility is considered as a complete system with a number of
components, including geology, foundation, engineered structures, seepage controls, drains,
containment, diversions, and spillways. Suftficient information on the design and specifications of each
component is needed in order to understand how they would function as a system, and how they might
respond to the anticipated stresses on the system. The information needed to support a collaborative,
refined FMEA would include the results of site investigations (geology and foundation), lab testing,
engineering analyses, borrow material analyses and specifications, and engineered drawings and
specifications. The less information available during the FMEA process, the more assumptions have to
be made, leading to a less meaningful assessment that may not be representative of the true risks for the
ultimate designed facility.

Source of measure:
Tonto National Forest Interdisciplinary Team and Cooperating Agencies

Resource affected/impacts being mitigated:
This statement seeks to mitigate impacts on tailings safety, which in turn is protective of human life,
[}TGPETT}', and numerous downstream resources.

Applicable alternatives:
Preferred Alternative

Authority to require:

While the footprint of the Preferred Alternative may not involve Forest Service surface resources, other
aspects of the project still involve Forest Service surlace resources, and the information collected under
this measure is considered necessary to support both the FEIS and the final mining plan of operations,

Additional ground disturbance:
Mo additional ground disturbance anticipated.
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Figure 1.2 Mitigation Measure FS-229: Development of an Emergency Action Plan for the
Tailings Storage Facility for the Preferred Alternative

FS-229: Development of an Emergency Action Plan for the Tailings Storage Facility for the
Preferred Alternative

Description/overview:

For a tailings storage facility built on Federal land, the Forest Service is requiring that Resolution
Copper undertake Emergency Action Planning, as required under the National Dam Safety Program
(Federal Emergency Management Agency 2004). The FMEA would provide key information to this
process. Emergency Action Planning would include evaluation of emergency potential, inundation
mapping and classification of downstream inundated areas, response times, notification plans,
evacuation plans, and plans for actions upon discovery of a potentially unsafe condition.

The breach analysis prepared for the DEIS is not sufficient to meet National Dam Safety Standards for
emergency planning. The Forest Service will require a refined breach analysis be conducted between the
DEIS and FEIS, using appropriate models, based on the outcome of the FMEA and a selected failure
scenario.

Source of measure;
Tonto National Forest Interdisciplinary Team

Resource affected/impacts being mitigated:
This statement seeks to mitigate impacts on tailings safety, which in turn is protective of human hife,
property, and numerous downstream resources.

Applicable alternatives:
Preferred Alternative

Authority to require:

While the footprint of the Preferred Alternative may not involve Forest Service surface resources, other
aspects of the project still involve Forest Service surface resources, and the information collected under
this measure is considered necessary to support both the FEIS and the final mining plan of operations.

Additional ground disturbance:
No additional ground disturbance anticipated.
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2 TSF DESCRIPTION

2.1 Project Description

The Resolution Copper Project is proposing to mine the ore by panel caving and convey it to an ore
processing facility. The Mine Plan of Operations (MPO) proposed mine plan will produce a daily
maximum of 132,000 dry tons per day (tpd) of tailings, an approximately cumulative 1.37 billion tons
over the proposed 41-year mine life. Processing will generate two physically, mineralogically and
geochemically discrete tailings streams known as “scavenger” tailings and “pyrite” tailings; scavenger
tailings will account for approximately 84% of tailings produced and pyrite tailings will account for the
remaining 16%.

The scavenger tailings specific gravity is approximately 2.78. The tailings are approximately equal
proportions of sand and low to non-plastic fines (SM/ML). The scavenger tailings can be cycloned to
produce a coarse sand suitable for dam construction. The scavenger tailings contain a very low
percentage of sulfide minerals (with a mean sulfide content of less than 0.1% by weight based on
current laboratory testing results) and low neutralization potential. The release of acidity, sulfate and
metal/metalloids from the scavenger tailings are limited by the very low sulfide and residual metal
contents (Duke HydroChem 2016).

The pyrite tailings contain a much higher percentage of pyrite (>20% by weight) and are classified as
Potentially Acid Generating (PAG) (Duke HydroChem 2016). The pyrite tailings specific gravity is
variable and is approximately 3.5 on average. The pyrite tailings are predominantly low to non-plastic
silt and clay-size particles, typically with a sand content less than 20%.

2.2  TSF Description

The proposed Skunk Camp TSF will be located in the head waters of Dripping Springs Wash
approximately 13 miles southeast of the proposed concentrator site (West Plantsite) and the
Resolution orebody (refer to Figure 2.1).

The Dripping Springs Mountains define the western boundary of the proposed site, while the Mescal
Mountains and Pinal Mountains define the eastern boundary. The approximate base elevation of the
proposed TSF is El. 3,160 ft and the peaks of adjacent mountains are: El. 4,566 ft at Haleys Mountain
(Dripping Springs Mountains), El. 6,568 ft at El Capitan Mountain (Mescal Mountains), and El. 7,848 ft
at Pinal Peak (Pinal Mountains). Within the proposed TSF area, the drainages are ephemeral and
infilled with sand and gravel alluvial deposits. In response to storms, surface water flows in Dripping
Springs Wash from northeast to southwest approximately 13 miles to its confluence with the Gila
River. The proposed site is located just southwest of the surface water divide between Dripping
Springs Wash and Mineral Creek, see Figure 2.1. The low point along the divide is El. 3,703 fasl. Storm
water south of the divide flows through the site, roughly southeast through Dripping Springs Wash
Basin to the Gila River, while storm water north of the divide flows into the Mineral Creek basin,
which flows into the Gila River approximately 16 miles downstream of the confluence of Dripping
Springs Wash and the Gila River.

200622R-SkunkCampTSF_SlumpRevl.docx
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The Skunk Camp TSF will consist of two pyrite cells upstream of the scavenger beach contained by a
cross-valley embankment (the Main Embankment) as shown in Figure 2.2. The pyrite cells and
scavenger beach have the capacity to store more than the 72-hour Probable Maximum Flood (PMF)
and are designed for the 1 in 10,000 yr earthquake, assuming all potentially liquefiable tailings
liquefy.

The pyrite tailings will be deposited subaqueously in low permeability pyrite cells contained by
independent downstream raised compacted cycloned sand embankments. Pyrite Cell 1 will receive
tailings from startup to Year 15 and will be subsequently covered with scavenger tailings starting in
Year 16. Pyrite Cell 2 construction will start prior to Year 15 and will receive pyrite tailings from
Year 16 to Year 41. The pyrite cells will also act as the supernatant or reclaim pond for reuse in
processing. Slurry bleed water and precipitation runoff from the scavenger tailings beach will be
collected in low spots and pumped into the active pyrite cell, such that no permanent pond will be
maintained on the scavenger beach.

The Main Embankment will be constructed of compacted cyclone underflow (coarser underflow
scavenger tailings produced during cycloning) using the centerline construction method up to

El. 3,600 fasl (approximately 100 ft below the divide to Mineral Creek). Cyclone overflow (finer
scavenger tailings produced during cycloning) and uncycloned scavenger tailings will be deposited
upstream of the Main Embankment forming the tailings beach. Entrained water within the scavenger
beach will be minimized by thickening prior to deposition in the TSF and adopting “thin-lift”
deposition, allowing time for water to evaporate resulting in a relatively ‘dry’ tailings beach

(KCB 2018). The resulting tailings beach at the end of operation that is expected to have saturation
ranging from less than 80% (at depths from 0O ft to ~100 ft in the near dam area) becoming saturated
at a greater distance from the dam where the fines deposit. All tailings is expected to be saturated
below 100 ft to the base of the tailings. As the scavenger beach drains down after closure, the
saturation will reduce, and tailings will become non-flowable (i.e., not susceptible to liquefaction).

Further details of the TSF design are provided in the DEIS design report (KCB 2018) and the updated
ultimate configuration for the final EIS is included in the Skunk Camp TSF Reclamation Plan (KCBCL
2020).

Page 5
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3 RISK ASSESSMENT

The Forest commissioned Gannett Fleming to facilitate a FMEA for the Resolution Copper Project’s
Skunk Camp TSF (DEIS design) to address mitigation measure FS-227. The FMEA was held between
February 5 to 7, 2020, and identified PFM of the TSF and assigned qualitative likelihood and
consequence categories to each PFM to help assess their associated risk. This session was conducted
jointly with representatives from USFS, ADEQ, USACE, EPA, Resolution Copper Mining, SWCA, BGC,
KCBCL, Golder, Tetra Tech, and Gannett Fleming. The Forest disclosed the potential effects of a
catastrophic TSF failure event in the DEIS based on Rico et al. (2010). These results were used to
identify the consequence category of certain PFMs in the FMEA risk assessment.

During the risk assessment workshop, it was agreed that not all PFMs would result in TSF failure
extent estimated by the Rico et al. (2010) case history based methodology. For some of the PFMs in
which the Skunk Camp TSF Main Embankment hypothetically fails, it was agreed that the released
tailings from the ‘dry’ scavenger beach (i.e., no ponded water on the scavenger beach) would result in
slumping that may not reach the Gila River. The attendees of the FMEA workshop estimated that a
slump failure could extend about 4 to 8 miles downstream of the dam. It was recommended that the
estimated extent of the slumping failure be further assessed to check the validity of the workshop
estimate. Consequently this report provides an analysis, based on relevant case histories and mass
balance, of the maximum extent of a hypothetical slumping failure of the Skunk Camp TSF Main
Embankment.

The Skunk Camp TSF is robustly design and for the purposes of this assessment, the following
characterization of the Skunk Camp TSF and assumptions for the hypothetical ‘dry’ slumping failure
were made:

= The TSF has stringent design criteria and incorporates robust design features to address the
PFM'’s identified during the risk assessment.

= Cyclone sand embankments (pyrite cell dams and the Main Embankment):

¢ The cyclone sand embankments are designed to be well-drained and compacted. They are
therefore assumed to be non-flowable.

= Scavenger beach:

¢ The scavenger beach will be managed as ‘dry’ as possible, thus resulting in an average
saturation less than 100% near the dam and at shallow depths. Based on this, the tailings
closest to a potential slump are expected to be non-flowable (unless mixed with free
water) if operated as designed with climate and tailings properties assumed in analysis.
However, tailings at depth and further into the impoundment are likely to be saturated
and potentially flowable. As the scavenger beach pore water drains down on closure, the
saturation will reduce, and all the tailings is expected to become non-flowable (i.e., not
susceptible to liquefaction).

Page 8
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= Pyrite tailings cells:

¢ The pyrite tailings have a high specific gravity, are fine, and will be deposited
subaqueously within a supernatant pond. Whether the pyrite tailings are potentially
flowable is unknown and is therefore assumed to be possible for this stage of design (until
investigations conducted during operations when it can be confirmed that they are not
susceptible to flow liquefaction). However, due to the placement of the pyrite cells behind
downstream raised compacted cycloned sand dams, the drier scavenger beach and the
Main Embankment, the likelihood of releasing the pyrite tailings is extremely remote and
release is not considered as part of this analysis and was not envisioned in the PFMs
considered by the FMEA workshop group for this analysis.

= |f the TSF breaches, it is assumed that the material will slump down Drippings Springs Wash.
It is assumed that it is not credible to breach towards Mineral Creek.

= For the purpose of this assessment the scavenger Main Embankment was assumed to breach,
resulting in slumping of the ‘dry’ scavenger beach (i.e., managed with minimal operating
pond, scavenger beach will be variably saturated, as describe above), the slump was assumed
to progress back to the pyrite tailings cell embankments, thus estimating the maximum
possible tailings volume, and therefore maximum failure extent, that could be released
downstream during such an event. Because the pyrite cell embankments are downstream
raised compacted cycloned sand, dual failure of both the Main Embankment and the pyrite
cell embankments was not evaluated and assumed to be close to non-credible.

200622R-SkunkCampTSF_SlumpRevl.docx
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4 SLUMPING BENCHMARKING

A slumping failure occurs when a mass of tailings displaces outside of the design TSF footprint and
rests at an assumed post-failure slope. This failure mode could potentially be triggered by strain-
induced strength softening or slope failure of the embankment and upstream tailings beach, resulting
in horizontal and vertical slumping displacements. The prediction of post-failure slumping distance
and slope for failures is complex. The post-failure distance and slope are affected by many variables,
some include:

= height of the dam;
= slope of the topography downstream;

= trigger mechanism;

= residual strength or the undrained shear strength ratio, (Su/0,’) of the tailings; and

= rheology of the tailings (if flowable).

KCBCL has compiled a number of similar case histories and results from simulated tailings slumping
distances for other projects for comparison. The simulation software for the other projects was a
finite element numerical modeling software, MADFlow, developed by Chen (Chen and Becker 2014)
for mobility analysis of tailings runout, debris flows, flow slides and avalanches. The compiled case
history and simulation data is summarized in Table 4.1 and suggests post-failure slopes, in the
absence of free water, could range from 1% to 12%. Lucia et al. (1981) also reviewed slumping type
failures and identified a range of post-failure slopes between 2% and 20% based on historical dam
failures. Residual undrained shear strength ratios for the Skunk Camp TSF scavenger beach and pyrite
tailings are shown in Table 4.2 for comparison and are generally at the high end of the values quoted
in the case histories. This suggests that the slumped slopes for the Skunk Camp tailings could be at
the steep end of the case recorded post-failure slopes.

Table 4.1 Historical and Simulated Tailings Failures
Residual Undrained Post-Failure Distance
Facility Description Shear Strength Ratio | Post Failure Slope (ft)
(Su/a))
Case Histories of Liquefaction Failures of ‘dry’ dams
. 50 ft high facility
Las Palmas Chile (2010) . . o
(Gebhart 2016) Liquefaction due to 0.04 4% 1640
earthquake
Sullivan Mine Iron Dyke Active Facility
Canada (1991) Liquefaction of foundation 0.07 to 0.13 6% to 10% 50 to 150
(Robertson 2010) due to loading
Quiruvilca, Peru (1962) 130 ft high facility
(WISE Uranium Project, Liquefaction due to N/A N/A Up to 300
n.d.)) earthquake
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Skunk Camp Tailings Storage Facility ‘Dry’ Slump Extents

Residual Undrained Post-Failure Distance
Facility Description Shear Strength Ratio | Post Failure Slope (ft)
(Su/a/)
Simulated Extent Estimated using MADFlow
0.06 4% 1,430
95 ft high facility with 0.07 4% 1,270
Facility #1 downstream topography 0.10 5% 1,130
sloping from 0 to 2% 0.14 8% 810
0.20 12% 140
0.05 3% 6,760
300 ft high facility with 0.06 3% 5,980
Facility #2 downstream in a basin 0.10 8% 2,890
topography sloping
approximately 5% 0.14 14% 860
0.20 22% 70
Table 4.2 Residual Undrained Strength Ratio of Resolution Tailings
- Residual Undrained Strength Ratio
Tailings ) Reference
(Su/0.)
Cyclone Sand 0.24
KCBCL 2020
Scavenger Beach 0.13
Pyrite Tailings 0.05 KCB 2018
200622R-SkunkCampTSF_SlumpRev1l.docx Page 11
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5 METHODOLOGY

5.1 Approach

Muk3D ver. 2020.1.2 (MineBridge Software Inc. 2020), software was used to model the Skunk Camp
TSF maximum potential slumping failure surface. Muk3D is capable of three-dimensional (3D)
geometric modeling and volumetric calculations for earthwork structures such as tailings dams. The
procedure used to determine the maximum potential post-failure extent are summarized below:

1. Assume a lower bound post-failure slope of 3% based on the benchmarking and tailings
properties (see Section 4).

2. Complete a volume balance calculation using the dam break module of Muk3D to estimate
the volume that is released downstream. This method balances the released volume with the
support provided at the toe by the depositing tailings, this balance defines the elevation of the
breach at the embankment centerline. The released volume of about 30% of the stored
volume calculated by this method, which agrees with the case history compilation used in Rico
et al. (2010).

3. The tailings bulk density and material volume balance is maintained before and after the
slumping failure (i.e., the backscarp volume is equal to the runout volume).

4. The post-failure extent are overlaid on aerial photography to depict this hypothetical failure.
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Figure 5.1 Muk3D Model Results of Slumping Post-Failure Surface

: Lo

gzt

Notes:
1. For the purposes of the MUK3D model, nominal breach bottom is assumed to be 2000 ft and breach side slopes are 10H:1V.
These parameters have negligible effects on the downstream extent.

5.2 Slumping Extent

Estimated post-failure slumping extent is shown in plan on Figure 5.2, and the model results are
summarized in Table 5.1.

The calculated post-failure distance is approximately 30,000 ft, which is much larger than the
simulated runout distances in Table 4.1 for the given the expected undrained strength ratio for the
Resolution tailings. The estimated distance is similar to that assumed at the FMEA, where an
approximate distance 5-6 miles was used to assign the PFMs consequence category.

As shown on Figure 5.2, a hypothetical slumping failure would result in inundating the seepage
collection pond and approximately a 10,000 ft long section of Dripping Springs Road.
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Table 5.1 Slumping Failure Modeling Results

Result Value

Top Elevation of Displaced Tailings (fasl) 3531.2

Elevation at the Embankment that Balances Failure

Volumes (displaced and deposited) 3350.0
Tailings Beach Failure Slope 3%
Post-Failure Deposited Slope 3%

Slope of Downstream Topography Approximately 2.2%

222,520 acre-ft or 359 Mcyd

Volume of Displaced Tailings (acre-ft) (approx. 30% of total stored tailings)

Length of Post-Failure Distance'® (ft) 30,000 ft (5.7 miles)

Notes:
1. Distance measured from the toe of the TSF along the reach or valley bottom through Dripping Springs Wash.
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Post-Failure Slumping Extent (Section A)

Figure 5.3
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6 CONCLUSIONS

The Skunk Camp TSF is designed with stringent design criteria and incorporates robust design
features to address the PFM’s identified during the risk assessment.

For some of the PFMs identified in the FMEA workshop in which the Skunk Camp TSF Main
Embankment hypothetically fails, it was agreed that the released tailings from the ‘dry’ scavenger
beach (i.e., no ponded water on the scavenger beach) would result in slumping failure that may not
reach the Gila River.

The maximum extent of a hypothetical ‘dry’ slumping failure of the Skunk Camp TSF Main
Embankment is estimated to be approximately 5.7 miles from the toe of the TSF down Dripping
Springs Wash. Small residential area and approximately 1.9 miles of Dripping Springs Road would
become inaccessible. The post-failure slumping distance would not reach the Gila River.

This analysis confirms that the failure extent envisioned during the FMEA workshop and confirms the
consequence category of the PFMs assigned during the workshop.

As the TSF design progresses and is constructed/operated failure mode assessments, risk
assessments, runout/inundation assessments and the EAP should be regularly updated.
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7 CLOSING

This report is an instrument of service of KCBCL. The report has been prepared for the exclusive use
of Resolution Copper Mining LLC (Client) for the specific application to the Resolution Copper Project,
and it may not be relied upon by any other party without KCBCL's written consent. KCBCL has
prepared this report in a manner consistent with the level of care, skill and diligence ordinarily
provided by members of the same profession for projects of a similar nature at the time and place
the services were rendered. KCBCL makes no warranty, express or implied.

Yours truly,

KCB CONSULTANTS LTD.

Kate Patterson, P.E., P.Eng.
Project Manager
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