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3. Cross-section of the constructed phreatic surface at station 0+00, overlain on the monitored
pore pressure conditions from the end of 2021, as presented in the Data Analysis Report.
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5.0 LIQUEFACTION POTENTIAL

5.1 GENERAL

An assessment of the liquefaction potential was carried out to evaluate if the key soil units are susceptible
to cyclic liquefaction. Data availability for the assessment was not the same for all three soil units. Sufficient
data was available for assessing the tailings and overburden units in isolation. However, a limited amount
of data was available for the saturated rockfill due to the difficulty of advancing penetration equipment
through the stiff and coarse-grained material to reach the saturated zone at the base of the 800 ft high
embankment dam. As a result, the rockfill assessment was limited to a screening-level effort. The
liquefaction potential of the tailings and overburden was evaluated, first with a screening-level effort and
second with a one-dimensional total stress analysis to evaluate the site response to the MCE at multiple
locations across the YDTI. A detailed summary of the assessments is provided in Appendix D.

5.2 MATERIAL SUSCEPTIBILITY

The screening-level assessment relied on PSD and SCPT data for evaluating the susceptibility of the rockfill
and overburden. Empirical guidance from case studies indicates both units are potentially liquefiable based
on their granular nature and fines content. Pore pressure dissipation (PPD) testing during SCPT soundings
also indicated a potential in locations where dissipation was slow; hence, indicating possible contractive
behavior. The SCPT data indicates microstructure is prevalent in both units, where cone advancement was
possible. Although microstructure does not indicate liquefaction susceptibility directly, the saturated
materials may contract if the microstructure is reduced or removed and thus, increase its susceptibility to
liquefaction.

Plasticity characteristics and SCPT data were used to evaluate the liquefaction potential for the tailings.
Laboratory results suggest the tailings are potentially liquefiable when evaluated with the Bray and Sancio
(2006) framework. A similar conclusion was drawn from the SCPT state parameter and SBTn
interpretations (Robertson, 2016), which indicate the tailings are contractive and therefore, potentially
susceptible to liquefaction where saturated and distal to the influence of the surcharge loading at the dam
crest.

5.3 SITE RESPONSE

One-dimensional (1D) site response analyses (SRA) were completed to refine the evaluation of liquefaction
potential of the tailings and overburden. Six locations across the YDTI were analyzed to evaluate spatial
variability and variations in confinement and foundation conditions. The assessment estimated and
compared the predicted CSR with the estimated Cyclic Resistance Ratio (CRR) for each location column.
The CSR profiles were estimated from both equivalent linear and non-linear SRA for the five MCE time
histories. The CRR profiles were estimated from SCPT data with correlations developed following
Robertson (2009) and Boulanger and Idriss (2014). Where the CSR is greater than the CRR, liquefaction
is predicted to occur.

A range of 0.1 to 0.2 was estimated for the tailings CSR, as shown on Figure 5.1. A relatively small
difference between the equivalent linear and non-linear was observed and is attributed to the low stiffness
of the tailings. The tailings CRR was exceeded below the phreatic surface and particularly at shallower
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depths, indicating the liquefaction susceptibility decreased with depth. The rockfill surcharge appeared to
reduce the tailings susceptibility by increasing confinement and density through consolidation.

The overburden CSR estimates ranged from 0.3 to 0.7, as shown on Figure 5.1. A larger difference between
the equivalent linear and non-linear analyses was observed and was attributed to the inability of the
equivalent linear to capture the non-linear response at high strains. Continuous profiles of the overburden
CRR were not available due to the drill outs required to push the cone to depth. As a result, CRR values
were determined from the CDSS results and exhibited consistency with the SCPT-derived values. The
available data suggests liquefaction susceptibility for the saturated overburden at shallow depths and a
degree of uncertainty at greater depths. With shallow piezometric conditions observed in the HsB area, the
saturated overburden may be susceptible to liquefaction.

5.4 SUMMARY

The screening-level assessment and 1D SRA results indicate the saturated tailings and overburden are
potentially liquefiable. The screening-level results of the saturated rockfill likewise indicated potential
susceptibility to liquefaction. A conservative approach was undertaken by completing a 2D dynamic
analysis of the YDTI to assess the liquefaction potential and extent, as well as to estimate the earthquake-
induced deformations by considering that the saturated materials of the three units (overburden, rockfill,
tailings) are potentially susceptible to liquefaction.
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6.0 EMBANKMENT SLOPE STABILITY

6.1 GENERAL

The embankment slope stability analysis was completed with the LE method, which calculates the FS for
each possible slip surface produced through a search algorithm. The LE analyses were completed with
Rocscience (2022; 2024) software in 2D using Slide2 and 3D using Slide3. The FS was calculated with the
General Limit Equilibrium or Morgenstern-Price method of slices (columns in 3D). The slip surface type was
set to circular or ellipsoidal, which also generated composite surfaces if a weak or impenetrable layer was
encountered. The evaluation of the LE results focused on slip surfaces on the downstream slope, given the
significantly shorter height of the upstream slope available for a critical slip surface to develop a FS less
than two.

6.2 ANALYSIS GEOMETRIES

The analysis geometries were created from a 3D model of the site, which was constructed from
topographical surveys and approximations where data was limited. Each component of the 3D model is
described briefly in the following:

e The pre-dam topography was created from the available 1956 topography.

e The thickness of the overburden was estimated from drillholes completed during various site
investigation programs (see Appendix A for references). A maximum thickness of approximately 40 ft
was encountered during drilling. The drilling data indicates the overburden is thickest along the
North-South Embankment and the central pedestal area of the East-West Embankment and thins
significantly or is absent to the west. The overburden was striped under the West Embankment during
construction. The overburden was conservatively simplified to a uniform thickness in the model that
blankets the underlying bedrock surface across the facility by offsetting the pre-dam topography by
50 ft, except along the West Embankment where it was excluded from the model.

e The dam boundaries are based on the 2020 Light Detection and Ranging (LIiDAR) survey, along with
the geometries of the HsB area, the ponded Berkeley Pit, and the various fills abutting the downstream
face of the dam. The base of the Berkeley Pit was created from the 2021 bathymetric survey. The
upstream face of the dam was approximated by digitizing from available historical construction cross-
sections and interpolating in between.

e The tailings surface was developed by considering the maximum allowable tailings discharge elevation
of 5 ft below the embankment crest. This geometry provides the maximum driving force for assessing
the stability of downstream slip surfaces.

e The geometries of the interim and final design phases were based on the YDTI LoM Design Report
(KP, 2024b). The final LoM design geometry is shown on Figure 6.1.

The 2D LE analysis models were created by cutting cross-sections through the 3D model at five locations,
as shown on Figure 6.1. The analysis locations are at Sta. 98+00W, Sta. 38+00NW, Sta. 8+00W,
Sta. 0+00, Sta. 18+00N. The slope stability analysis in the central pedestal area for the previous raise to
El. 6,450 ft was conducted at Sta. 8+00W as it is the maximum dam section. The cross-section along
Sta. 0+00 was evaluated along with Sta. 8+00W in this analysis due to its more central location in the HsB
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displacing more than the downstream point across all earthquake loading. This finding is consistent with
the expectation that the softer tailings foundation underlying the surcharge rockfill is more compliant to
deformation than the denser and more rigid foundation of historical rockfill underlying the downstream crest.
Horizontal displacement (up to 7 ft) is dominated by downstream movement into the HsB area, with
displacement contours indicating the embankment will likely deform as a block where earthquake shaking
has generated excess pore pressure in the saturated overburden and basal rockfill, as shown on Figure 7.3.

The dynamic results also indicate vertical displacements are drawn to the relocated pipeline ramp, where
settlement predictions are at a maximum value. Up to 2 ft of settlement is expected over the bulk of the
ramp fill. However, the downstream face of the ramp fill is expected to slough at greater magnitudes (up to
8 ft horizontally and up to 5 ft vertically) but to a shallow depth, as shown on Figure 7.4. This finding is
consistent with the LE analyses in suggesting further consideration at the IFC design stage to mitigate the
likelihood and reduce the risk of shallow instabilities along the ramp system.

The possibility of smaller scale instabilities is also evident. Sloughing of the downstream face above the
pipeline ramp and adjacent step-out and localized deformation at the dam toe are predicted.

Similar conclusions regarding the deformation response of the dam are drawn from the shear strain
contours, provided in Appendix J2, which also provide additional insights. High strains are concentrated in
the downstream half of the relocated pipeline ramp, the dam toe, and the downstream face above the
pipeline ramp and adjacent step-out. Shear bands are evident at the interface with the step-out and extends
to the overburden foundation, suggesting straining in the overburden is propagating into the overlying
rockfill embankment. In a similar fashion, deformation of the compliant tailings leads to shear bands in the
rigid rockfill that forms the overlying surcharge loading at the dam crest. The shear bands in the shear strain
contours suggest a possibility for retrogressive failure as a result of the relatively weak overburden that
concentrates strain under earthquake shaking. Additionally, the influence of the phreatic line is notable with
higher strains predicted below the phreatic surface.
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Figure 7.3 Horizontal Displacement for MCE 5
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Figure 7.4 Vertical Displacement for MCE 4

7.6 POST-EARTHQUAKE STABILITY

The effect of strength loss in the liquefied material was evaluated through a post-earthquake analysis. At
the end of the dynamic analysis, zones were conservatively defined as liquefied if the ru was greater than
0.7 or if shear strains were greater than 3%. These zones were assigned the Mohr-Coulomb constitutive
model with residual strength. The dynamic boundary conditions were removed in preparation for a static
analysis with fixed base and roller side boundaries. The model was run under gravitational loading.

Shear band formation in the results, illustrated on Figure 7.5, suggest the potential for multiple scales of
failure if liquefaction degrades the strength of the overburden near the toe of the dam. The potential for
retrogression is suggested once toe support is reduced.
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Figure 7.5 Post-Earthquake Stability Strain Contours (MCE 5)

The predicted deformation pattern is generally consistent with expectations for the conditions modeled. The
lower part of the embankment (Stage 1 HsB RDS) and pipeline ramp system are predicted to deform
horizontally towards the HsB area and settle. The deformations along the embankment toe and mid-slope
reduce support of the upper embankment areas and increase shear strains in those regions, suggesting
retrogressive and additional post-earthquake crest settlement.

The predicted displacements are an order of magnitude greater than the dynamic results over the range of
earthquake motions evaluated. The post-earthquake displacement and estimated shear strain results are
provided in Appendix J3. The lower part of the dam is predicted to displace up to 30 ft horizontally into the
remaining open and unbuttressed HsB area. Crest settlements up to 8 ft are estimated if earthquake
shaking triggers significant strength loss in the overburden. The predicted crest settlement is accompanied
by limited horizontal displacement of the crest.

The deformations predicted by the post-earthquake stability analysis are not expected to result in a loss of
containment or uncontrolled release of impounded materials. Field data suggests that the tailings adjacent
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to the embankment in the central pedestal area have little flow potential since the upper 100 to 200 ft of
tailings are not saturated. The supernatant pond is also located over 5,000 ft to the north and maintained
at least 20 ft (or substantially more during most of the operating period) below the crest due to storm storage
freeboard requirements. Tailings slurry water infiltrating into the tailings beach during operations provides
the primary source of recharge to the phreatic surface within the impoundment. During closure, the level of
saturation within the tailings will be further reduced without active tailings discharge and the supernatant
pond volume and elevation will also be drawn down, further limiting the flow potential of the tailings and
proximity of the supernatant pond.

The post-earthquake stability results further highlight the potential importance of expanding buttressing at
dam toe as soon as practicable and at least concurrently with development of the relocated ramp system.
The results also highlight the importance of continued evaluation of the potential range of residual strength
of the overburden. The findings suggest additional strength testing should prioritize increasing the
confidence of the residual strength definition and further evaluating the impact of material variability on the
strength definition.

7.7 SUMMARY

The dynamic analysis results indicate earthquake-induced deformations are not expected to result in an
uncontrolled release of tailings. The crest is predicted to settle to 2 ft, which can be accommodated by the
design freeboard. The bulk of the dam is predicted to displace horizontally into the HsB area up to 4 ft, as
a result of excess pore pressures generated in the underlying saturated overburden. Shear bands are
expected to propagate into the overlying rockfill as a result of high strain accumulation in the overburden.
These deformations will be mitigated as the HsB area is infilled, following relocation of the pipeline.

The post-earthquake stability modeling results indicate that although seismic loading from the MCE and
potential liquefaction of zones within the overburden foundation could cause significant horizontal
displacement and bulging on the downstream side of the embankment and up to 10 ft of combined vertical
deformation of the embankment crest, the deformations would not be expected to result in a loss of
containment or uncontrolled release of impounded materials. Priority should be given to further evaluation
of the residual strength of the overburden materials and the potential variability of the material at the site.
Additionally, the shear strain results indicate sensitivity to piezometric variability should be evaluated in
future assessments.

The results also support previous conclusions that refinements of the design fill configuration for relocating
the pipeline ramp and/or incorporating additional buttressing in the HsB area concurrently with ramp
construction at the IFC design stage could minimize the likelihood of shallow sloughing and reduce the risk
of smaller scale instabilities if significant strength loss is triggered in the overburden foundation.

) . VA101-126/24-5 Rev 0
Q ') Knight Piésold 45 0f 52 September 23, 2024

CONSULTING



Montana Resources, LLC
Montana Resources
Yankee Doodle Tailings Impoundment - Stability Assessment Report for 6,560 Amendment Design Document

8.0 FINDINGS AND RECOMMENDATIONS

8.1 GENERAL

The stability assessment for the Design Document comprised the following:

e Review of previous work that included stability analyses, site investigation data and observations,
monitoring data.

e Material characterization for the mechanical response and undrained shear strength of the saturated
overburden and basal embankment rockfill.

e Evaluation of piezometric conditions and definition of a phreatic surface for the analyses.

e Evaluation of the liqguefaction potential of the overburden, rockfill, and tailings.

e 2D and 3D limit equilibrium analyses for normal operating and post-earthquake conditions.

¢ 2D dynamic analysis for normal operating conditions that evaluated the sensitivity of five earthquake
time histories.

The findings of the analyses and material characterization are summarized below, along with
recommendations for ongoing refinement of site characterization to refine future stability assessments.

8.2 CONCLUSIONS

The material constituents of the YDTI comprise three soil units that overlie bedrock. Of the three soil units,
the overburden and rockfill govern stability results when saturated. Although the tailings unit is the weakest,
the stability results are not sensitive to the tailings due to the size of the rockfill embankment. Microstructure
evident in the SCPT data reduces reliability of empirically-derived undrained strength correlations. Existing
laboratory data was supplemented and used to constrain the peak undrained strength of saturated
overburden and rockfill. Notable in the laboratory data set is the lack of strength loss post-peak for the
rockfill and a small strength loss for the overburden at low confining pressures. Reduced strengths were
estimated to evaluate the sensitivity of the analysis results. Residual strengths were constrained from
laboratory data for the saturated overburden and rockfill and SCPT data for the tailings. Dynamic properties
of saturated tailings and overburden were estimated from cyclic laboratory testing. Cyclic testing of rockfill
proved challenging and as a result, index testing and SPT data were used to estimate dynamic properties.

Monitoring data and site observations were used to evaluate the piezometric conditions of the facility. Two
hydrogeological regimes are evident, with an upper phreatic surface defined in the tailings and a lower that
subdivided the rockfill embankment at its base. Monitoring data indicated a vertical transition between the
two regimes where the tailings phreatic surface intersects the upstream face of the dam is an appropriately
conservative representation of the piezometric conditions within the embankment.

The liquefaction potential of the soil units to the MCE was evaluated first with a screening-level effort (index
properties and SCPT data) and followed with a 1D site response analysis that considered linear and
non-linear methods. The MCE represents an 84th percentile deterministic event, involving the Continental-
Elk Park fault. The rockfill was limited in data to complete the 1D site response but available data suggested
susceptibility when saturated and in the absence of microstructure. Saturated overburden and tailings
exhibited liquefaction susceptibility in the screening-level evaluation and the 1D site response. The results
of the liquefaction assessment support the consideration of post-earthquake conditions in the stability
assessment and completion of a dynamic analysis to evaluate the deformation response of the dam.
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Static stability was analyzed with the LE method in 2D for the final LoM configuration and four key
construction stages that included the currently constructed geometry (crest El. 6,450 ft). The stability of the
embankment geometry along five sections was evaluated. The central pedestal area (Sta. 0+00 and
Sta. 8+00W) governs stability of the YDTI with critical slips predicted to toe out into the unconfined saturated
overburden north of the HsB area mine facilities (e.g. truck maintenance workshop). The analyses
demonstrated the sensitivity of dam stability to the strength of the saturated overburden foundation, which
controls the depth, dimension, and shape of the base of the critical slip surface. The analysis results show
that the design of the embankment dam raise presented in the Design Document is sufficiently dimensioned
to satisfy the regulated targets for both normal operating and post-earthquake loading conditions. The 3D
results, which considers the important lateral constraint of the HsB area, corroborates the 2D LE findings
in demonstrating the effectiveness of infilling the HsB area to buttress the dam toe and the continuous
improvement provided by the proposed construction sequencing. In addition, both analyses predict
potential for shallow sloughing of the steep downstream face of the relocated pipeline ramp with the crest
at El. 6,500 ft indicating that refinements of the design fill configuration for relocating the pipeline ramp
and/or incorporating additional buttressing in the HsB area concurrently with ramp construction at the IFC
design stage would be beneficial.

The dynamic analysis considers an interim construction stage required for relocating the tailings pipeline
prior to the El. 6,560 ft embankment raise. Excess pore pressure generation in the unconfined overburden
at the toe of the dam resulted from seismic loading is predicted, which suggests the possibility of liquefaction
due to earthquake loading and the consequential accumulation of shear strain. As a result, the dam is
estimated to displace horizontally up to 4 ft into the HsB area in this configuration. The location of the
relocated pipeline ramp likely contributes to the dominant downstream movement of the dam as the ramp
fill is coincident with the largest downwards displacement and shear bands propagating from the
overburden foundation form upstream of the ramp fill. In addition, surficial sloughing of the steep ramp fill
is indicated in the results. The crest is predicted to settle to 2 ft during the MCE, which is lower than the
available freeboard requirements and indicates earthquake-induced deformation will not result in loss of
containment or uncontrolled release of impounded tailings or water. Post-earthquake deformations
estimating following the dynamic analysis are exacerbated in the absence of additional buttressing fill in the
HsB area and in response to the potential strength loss of a continuous overburden foundation. These
deformation results corroborate the key recommendation from the stability analysis of refining the
configuration and fill sequencing during IFC design for mitigating deformations and thereby, increasing the
FS of the dam.

8.3 RECOMMENDATIONS

The stability assessment identified two key areas of uncertainty that could improve the rigour and
confidence of future evaluations. Uncertainty remains in the characterization of material response
(contractive or dilative) and residual strengths of the soil units controlling stability and deformation. Related
to improving material characterization is the uncertainty of the piezometric definition at the upstream face
of the dam. The following are recommended for ongoing augmentation of the site characterization:

e Continue the incremental addition of laboratory data to capture the site variability (mineralogical
influences, construction history, depositional source/age) for:
o Constraining the peak and post-peak undrained shear strengths of the overburden and rockfill with
a greater focus on the DSS mode of shear.
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o Refining the understanding of mechanical response (contractive or dilative) of the saturated
overburden and rockfill.

o Defining cyclic material properties for saturated rockfill and expanding the overburden definition to
include higher confining pressures.

o Drawing conclusions on the effect of specimen size and sub-unit differences (older and recent
alluvium, older and newer rockfill).

e Install additional high-resolution piezometric instrumentation (e.g., Geo4Sight or multi-point VWPSs)
through the upstream face of the embankment into the overburden, if possible.

e Continue to evaluate piezometer data for verifying and refining, where required, the piezometric
conditions utilized in the stability analyses.

e Consider sensitivity analyses for variable piezometric conditions.

e Additional improvements related to piezometric conditions that may improve the stability assessment
include further ongoing piezometric characterization, calibrated seepage analysis, and evaluating the
influence of transient conditions.

e Continue to utilize stability analyses to assist with design refinement in the IFC stage for determining
optimal fill geometry and construction sequencing for fill placement to achieve the LoM configuration.
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APPENDIX A

Site Characterization Overview

(Pages A-1 to A-8)
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