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Mr. Mark Thompson

Vice President - Environmental Affairs

Montana Resources, LLP

600 Shields Avenue

Butte, Montana

USA, 59701

Dear Mark,
Re: Response by the Engineer of Record to Comments Submitted by Atlantic Richfield Company

1 - INTRODUCTION

Montana Resources, LLP (MR) is preparing a permit amendment application to provide for continued mining
beyond 2020. The proposed amendment considers the YDTI with embankments constructed to a crest elevation
of 6,450 ft (Anaconda Datum) and commencing operation of the West Embankment Drain (WED). The
amendment will provide approximately 12 years of additional mine life. Knight Piésold Ltd. (KP) developed the
YDTI Design Document to support the permit amendment application. The YDTI Design Document is comprised
of a series of technical reports covering the subject areas and content specified in Montana Code Annotated
(MCA) 82-4-376, which prescribes the design document requirements for a tailings storage facility and is the
governing legislation for preparation of a design.

MR engaged an Independent Review Panel (IRP) for review of the Design Document, as mandated by
MCA 82-4-377, early in the design process (beginning in July 2015) as it provided the opportunity for
discussions of site investigation requirements, design concepts and alternative tailings management strategies
prior to completion of the design. The IRP has statutory obligations to review the Design Document and provide
any recommended modifications to MR and the Montana Department of Environmental Quality. The panel’'s
determination in their review is conclusive, and the Engineer of Record (EOR) must modify the design document
to address the recommendations of the panel and certify the completed design document. The final review of the
completed YDTI Design Document is presently underway by the IRP.

2 — RESPONSE TO COMMENTS SUBMITTED BY ATLANTIC RICHFIELD COMPANY

MR was provided comments and recommendations from Atlantic Richfield Company (ARCO), an external
stakeholder, during preparation of the final YDTI Design Document. The ARCO comments considered revisions
of the reports comprising the Design Document that have since been superseded. Table A1 presents a summary
of the ARCO key comments and recommendations, and the associated response from the EOR and references
to information within the YDTI Design Document, where applicable. A complete copy of the ARCO comments
and recommendations ‘Final Report, Yankee Doodle Tailings Impoundment, Butte, Montana’ May 3, 2017 is
presented in Appendix B with highlighting and labels that cross-reference to Table A1.
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The IRP requested a summary of the EOR responses to the ARCO comments and recommendations, and a
copy of this letter will be provided to them as supplemental information to support their review of the YDTI
Design Document.

Yours truly,
Knight Piésold Ltd.
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Reviewed:
Roanna Stewart, P.Eng. Ken Brouwer, P.E.
Senior Engineer President

Prepared:

Approval that this document adheres to Knight Piésold Quality Systems: m

Attachments:

Appendix A Concordance Summary: Atlantic Richfield Company (ARCO) Comments/Recommendations,
Yankee Doodle Tailings Impoundment

Appendix B Annotated Version of the Final Report Yankee Doodle Tailings Impoundment, Butte,
Montana; Davidson, Morgenstern, Hippley; May 3, 2017

Copy To:  Leslie Smith, Jim Swaisgood, Dirk van Zyl
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APPENDIX A

CONCORDANCE SUMMARY: ATLANTIC RICHFIELD COMPANY (ARCO)
COMMENTS/RECOMMENDATIONS, YANKEE DOODLE TAILINGS IMPOUNDMENT

(Pages A-1 to A-16)

VA17-01525
September 8, 2017
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TABLE A1
MONTANA RESOURCES, LLP

AMENDMENT APPLICATION: YANKEE DOODLE TAILINGS IMPOUNDMENT

CONCORDANCE SUMMARY: ATLANTIC RICHFIELD COMPANY (ARCO) COMMENTS/RECOMMENDATIONS

FINAL REPORT YANKEE DOODLE TAILINGS IMPOUNDMENT (DAVIDSON, MORGENSTERN, HIPPLEY, 05/03/2017)

Section
-Note #

CLASSIFICATION

ARCO COMMENTS / RECOMMENDATIONS

ENGINEER OF RECORD (EOR) RESPONSE / DISCUSSION

2.0KEY F

INDINGS AND RECOMMENDATIONS

2-1

Comment

Significant zones of saturation exist within the non-free draining rockfill,
which appears to be more soil-like than rock-like.

This interpretation is inconsistent with the geotechnical and
hydrogeological models that have been determined for the East-West
Embankment of the Yankee Doodle Tailings Impoundment (YDTI).
Details presented in the Site Characterization Report (Rev 2) instead
indicate the obliquely stratified heterogeneous rockfill embankment has
been progressively developed by Montana Resources (MR) as a free
draining structure that is generally unsaturated except for where isolated
perched conditions exist in the rockfill and within the saturated drainage
zone that exists in the bottom 50 to 120 feet of embankment rockfill and
extends along the base of the East-West Embankment. The shear
strength function adopted for rockfill in the Stability Assessment
appropriately addresses the well graded characteristics of the
embankment fill by using shear strength characteristics representative of
angular sand instead of rockfill. This strength function was adopted for
the analyses in recognition of the potential for site-wide variability and
the potential for long-term degradation of the rockfill after closure.

Comment

The rockfill also appears to be prone to weathering that may result in
reduced shear strength. Additional embankment height may accelerate
the reduction in strength.

As described above, the shear strength function for embankment rockfill
was selected in recognition of the potential for long-term degradation at
current confining pressures and due to future increased loading. Use of
this function is conservative, particularly for the East-West Embankment
where historically the most durable rockfill materials have been placed.

2-3

Comment

The waste rock has a history of being leached.

An isolated portion of the rockfill was historically leached in the East-
West Embankment. This leach area was primarily located to the west of
the maximum embankment section as described in the Site
Characterization Report (Rev 2). Leaching in this area ceased in the
1990s.

Comment

The North-South Embankment was constructed on top of the leach pad.

The North-South Embankment is constructed in a downstream manner
and extends over historic leach areas. The entire leach area between
the current mine haul ramp and Rampart Mountain may eventually be
filled, which will substantially buttress the North-South Embankment
enhancing long-term stability and improving surface reclamation
potential.

2-5

Recommendation

Alternative tailings disposal strategies should be evaluated.

The Alternatives Assessment considered the most applicable and
appropriate tailings disposal strategies and identified the best tailings
storage alternative practicable for continued operation of the mine while
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limiting the potential of new environmental impacts or operational
interruptions.

Comment

Neither the design nor the operation of the embankment has precluded
ingress of tailings and seepage into the structure.

Placement of an alluvium facing on the upstream embankment slopes
has been periodically conducted to prevent the migration of tailings into
the rockfill embankment. The design drawings for the next stage include
an alluvium facing layer, which is to be constructed on all embankment
upstream slopes. Further discussion of this topic is presented in
Responses 7-9 and 8-1.

2-7

Comment

If undrained loading can occur, it will occur at some point in the life of the
facility.

Undrained loading has been assumed to occur locally at some point in
the life of the facility without having an adverse impact on the short term
stability of the impoundment and any excess pore pressures would also
dissipate over time.

Seismic loading is the only credible potential trigger to initiate an
undrained response in the YDTI at a scale larger than just a localized
pocket. The sensitivity analyses demonstrate that the embankment will
remain stable even if lower bound undrained strengths were triggered.

Historically during initial development of the YDTI embankments, an
early slide on the upstream side of what is now the North-South
Embankment indicated the potential for slope adjustments in the angle of
repose rockfill dump initiating at the base of the dump due to rapid
loading of the natural soils (Dames and Moore, 1963). This early
instability was likely due to localized undrained loading of the foundation
soils and was mitigated by stripping the foundation of shallow sage-
brush and soil in advance of dumping.

No new construction over saturated overburden is planned. The surficial
materials in the vicinity of the West Embankment have been stripped
from the foundation and stockpiled for reclamation purposes.

2-8

Comment

Given the presence of a significant saturated zone of fill and the
contractive nature during shear, the conditions for undrained failure are
likely to exist given the nature of the fill.

This comment is predicated on an incorrect assumption as indicated in
the response to Note 2-1 above. Where the term “undrained failure” is
used in the comment, the term “undrained loading” or phrase “behaving
in an undrained manner” is used as a more appropriate description.

There is a localized zone of saturation along the base of the East-West
Embankment that has been present since at least the early 1980s.
Drilling investigations indicate that interbedded fine-grained and coarse-
grained zones are present within the fill. Localized saturated, fine
grained material may behave in a contractive manner under shear.
Undrained loading under static conditions could therefore be assumed to
occur locally at some point in the life of the facility and the excess pore
pressures would dissipate over time. The favorable orientation of the
embankment fabric and the presence of well drained, stronger zones
encountered during geotechnical investigations indicates that although
weaker and stronger zones exist, a continuous weaker layer is not
credible.

2-9

Recommendation

The implications of undrained failure should be assessed for both current
and future proposed sections under both static and dynamic loading

The credibility and implications of undrained loading on the calculated
factors of safety and maximum estimated earthquake-induced

2
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conditions both including the Maximum Credible Earthquake as well as
including both the smaller and more frequent earthquakes.

deformation have been assessed and are reported in the Stability
Assessment Report (Rev 2).

2-10

Comment

Seepage supports our view that significant zones of saturation exist
within the embankment. Perched zones of saturated material likely exist
within the embankment contributing to downstream seepage.

Seepage indicates that the embankments are functioning as intended.
The embankments have been designed and constructed to facilitate and
enhance drainage and seepage from the tailings mass, rather than to
preclude it. Rockfill segregation during construction of the thick dump
lifts results in sub-horizontal zones of coarser high conductivity rockfill
along the base of the lifts which can represent preferred seepage
pathway for fluids draining from the tailings impoundment and through
the embankments. A relatively small zone of saturation is present along
the base of the East-West Embankment where seepage from the tailings
mass drains to Horseshoe Bend, as outlined in the Site Characterization
Report. Extensive zone(s) of saturation are not indicated in the upper
portions of the embankment. Relatively localized perched seepage
flows, such as those observed at Seep 10, are expected during
operations.

2-1

Comment

Lack of consistent seepage control measures (i.e. filter zone on upstream
slope) has allowed the introduction of tailings fines into the embankment
reducing the intended free-draining characteristic of the embankment.

Disagree. As detailed in Responses 7-9 and 8-1 below, alluvium facing
has been placed periodically along the embankment upstream slopes as
required (typically across the zones of coarse rockfill) to prevent tailings
migration into the embankment. As noted in Response 7-10, the
embankment rockfill VWP measurements and drilling observations
indicate the embankment continues to be free-draining, and the draining
characteristic of the rockfill material has not been compromised by
ingress of tailings fines.

2-12

Recommendation

We recommend the closure strategy be re-visited.

This recommendation is noted, and additional responses to the specific
recommendations are provided below in Responses 4-2, 10-1 and 10-2.

2-13

Comment

There are uncertainties regarding local faults that may have considerable
effects on seismic loading of the tailings impoundment.

Concur, there is uncertainty in the activity of the Continental Fault;
however, a conservative approach has been adopted for the design as
detailed in Response 6-3.

2-14

Comment

The water quantity currently retained within the embankment, combined
with the infrastructure and activities downstream of the impoundment
and in the town nearby, may result in severe consequences if a failure
occurs.

The consequences of a hypothetical failure (dam breach) involving
release of water from the supernatant pond would potentially be severe
and is classified as Major to Catastrophic in the Dam Breach Risk
Assessment Report. The potential consequences of failure associated
with undrained loading at the East-West Embankment are less severe,
and additional details on the potential for limited flowability of some
saturated tailings in this area of the impoundment are provided in
Appendix A of the Dam Breach Risk Assessment (Rev 2).

2-15

Recommendation

More instrumentation sections and monitoring devices are warranted to
adequately monitor the facility in the future.

The Engineer of Record (EOR) agrees with this recommendation. A
phased site investigation program began in 2015 and is presently
underway to supplement the existing embankment monitoring network.
The monitoring network will be progressively expanded as required to
meet the monitoring and surveillance requirements as stipulated by the

3
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EOR with input from the Independent Review Panel (IRP). Further detail
is presented in Responses 12-1 and 12-5.

of safety considering the undrained conditions that do not meet Montana
law or industry accepted standards.

2-16 Comment Preliminary calculations presented to us by MR (April 21, 2017) indicate Incorrect. The Stability Assessment Report (Rev 2) confirms the factor of
that the requirement of 1.5 for static loading is not likely to be satisfied safety (FoS) requirements for static loading are achieved for current and
for the current condition. future normal operating conditions. The YDTI embankments are stable

with a FoS of 2.0 or greater.

2-17 Comment Modelling performed by MR and KP, and presented to us, shows factors | The Stability Assessment Report (Rev 2) presents the analysis of

undrained conditions and assesses the credibility and implications of
applying these theoretical conditions to the stability assessment of the
YDTI. The extreme sensitivity analyses performed using lower bound
undrained strengths indicate the embankment will remain stable even if
large scale undrained loading is triggered. Seismic loading is the only
credible potential trigger to initiate an undrained response for the YDTI at
a scale more than local. Montana Code Annotated (MCA) 82-4-376
requires a FoS of at least 1.2 for post-earthquake conditions. This
criteria is satisfied even if these lower bound undrained strengths were
triggered at a large scale.

Establishing this extreme condition as the base case for static normal
operating conditions for the YDTI, while it would lead to a more
conservative design, is not a reasonable and appropriate use of
undrained strength analysis. Selective and strategic placement of rockfill
to further improve embankment stability and to support reclamation
objectives should be considered while evaluating options for storage of
excess rockfill produced during mining of the Continental Pit.

3.0 GEOTECHNICAL CHARACTERIZATION

3-1

Comment

..from sonic drillholes DH15-S1 — DH15-S5, it appears that there are
various perched water levels as well as the phreatic surface. Constant
seepage is observed at the toe.

Concur. Constant seepage at the toe of the embankment is a design
objective for the free draining embankments, as is the zone of saturation
along the base of the East-West Embankment as the majority of the
drainage from the tailings mass reports to the seepage collections
systems downstream of the toe at Horseshoe Bend.

Routine seepage draining through the obliquely stratified heterogeneous
rockfill embankments is expected to result in localized zones of
saturation along the seepage flow paths. Drilling and piezometric
monitoring confirm the presence of some localized perched water levels
within the largely unsaturated embankment rockfill.

3-2

Comment

There are no borehole permeability tests in the rockfill, but piezometric
measurements suggest some perched conditions and a strong
downward gradient.

A limited number of permeability (falling head) tests were conducted in
boreholes situated within the East-West Embankment in 1995 (Braun
Intertec, 1995). These test results are summarized in Section 4.5 of the
Site Characterization Report (Rev 2).

4
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We agree that a strong downward gradient is to be expected below any
localized zones of saturation within the unsaturated/partially saturated
rockfill mass.

3-3 Comment The questions to be addressed by the Engineer of Record (EOR) are The EOR has conducted extensive investigations and analyses to
whether the degraded rockfill is really free draining and does it possess a | evaluate the nature and characteristics of the free draining rockfill as
high enough degree of saturation and sufficient fines content to behave reported in the Site Characterization Report (Rev 2), and has also
in an undrained manner near the base and elsewhere and be potentially | considered site specific seismic loading and the potential for undrained
vulnerable to the high seismic loading at the site. conditions in the Stability Assessment Report (Rev 2).

4.0 ALTERNATIVES ASSESSMENT
4-1 Recommendation It is our view that ... additional stakeholders should have collaboration MR has been in communication and consultation with numerous
and input to the assessment. stakeholders since September 2015. To date the following groups have
been engaged:
* MR Employees * Montana Economic
« EPA Revitalization and
* Atlantic Richfield Development Corporation.
* Moulton Road Residents  Butte Chief Executive
* Montana Standard * Butte Planning Director
+ City Commissioners * LT Governor
» Major Employers Group * Chamber of Commerce
+ State Legislative Delegation » Butte Kwanis — 2
* Federal Legislators * Butte Public Works Director
» Butte Local Development » Butte Natural Resource
» School Board Council
- MDEQ * Rotary Club
+ KBOW (radio station) * Clark Fork Watershed
» Butte Sports.com Protection Program
* Butte Realtors
4-2 Comment A number of issues related to technological risk merit more detailed The closure strategy is provided in the Reclamation Overview (Rev 1).
evaluation than is apparent in the Report. For example: The reclamation strategy includes a dry tailings impoundment surface
4-2a - Adry closure has increased stability and benefit over the long with a small (8% of total impoundment area) stormwater management /
term. evaporation pond. The reclamation activities includes placement of a
surface cap and vegetative cover on the tailings beach surface, which is
4-2b - Is there merit in considering depyritization of the tailings to consistent with a typical dry non-flooded cover philosophy. Amending the
facilitate this objective? reclamation strategy to eliminate the localized ponded water within the
impoundment is not considered practicable, especially given that
- could a capillary break be used instead to ensure vegetation approximately 50% of all post-closure water entering the impoundment is
4-2c does not wick metal-acid salts to the surface? from direct precipitation onto the impoundment surface.
- There might be merit in separating the sand from the slimes Tailings de-pyritization is not being considered, and specific cap
4-2d and only storing the slimes in the pond structure details for closure capping have not yet been developed and
are not the subject of the design documents.
- Alternative tailings disposal strategies... One potential concept | The tailings solids segregate within the impoundment after deposition
4-2e would be to utilize the Berkeley Pit for tailings disposal. using the multiple discharge points. Sandy tailings are deposited near

5
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the discharge points with finer slimes tailings migrating and settling
closer to the supernatant pond. It is unclear from the comment where the
reviewers are suggesting the sands be stored under present operating
conditions.

Tailings storage in the Berkeley Pit was discussed in the Alternatives
Assessment; however, the present regulatory requirements and judicial
commitments preclude it as a viable alternative. Selective disposal of a
portion of the future tailings stream into Berkeley Pit could have merit for
long range planning if jurisdictional and logistical issues can be resolved.

43

Recommendation

The alternative evaluation should consider all available technologies and
alternatives, and their risks, to address these concerns rather than just
raising the impoundment.

The Alternatives Assessment (Rev 2) considered the most applicable,
appropriate, and current technologies and techniques that are
practicable given site-specific conditions and concerns. The assessment
included options other than raising the Yankee Doodle Tailings
Impoundment such as off-site storage, thickened and filtered tailings.

5.0 DESIGN BASIS REPORT

5-1

Recommendation

BC Guidelines for the design of tailings dams should be adopted in the
design basis criteria pursuant to MCA 82-4-376(2)(e) (requiring a design
that uses the most applicable, appropriate and current technologies and
techniques).

Adherence to MCA 82-4-376 is a fundamental requirement for the
design of the YDTI. The Design Basis Report (Rev 2) delineates the
specific design objectives and requirements to comply with these
regulations and other relevant guidelines. The Montana statute cannot
be replaced by the statute or law of another state or country.

The Design Basis Report (Rev 2) includes a comparison of the British
Columbia (BC) Guidelines with MCA 82-4-376 in Section 1.8.3. The
comparison shows the BC Guidelines are generally consistent with the
Montana regulations, and at times the Montana regulations are more
conservative. The BC Guidelines are considered as a useful reference
only, as are guidelines and regulations from other relevant North
American sources.

6.0 SEISMIC HAZARD ASSESSMENT

6-1

Comment

The SHA recommended that a fault study be performed to evaluate
whether the Continental Fault is active or not. We have not found any
evidence that such a study has been performed.

The potential activity of the Continental Fault was examined in Section
2.4 of the Site Characterization Report, and relied on information
compiled by the Montana Bureau of Mines and Geology and the Seismic
Hazard Assessment performed for the project. The Continental Fault
was included in the seismic hazard source models for the design of the
embankments primarily due to the proximity to the YDTI site and
because it was included as an active source in past studies.

MR has examined the Continental Fault in areas of the Continental Pit
highwalls where it has been exposed. The EOR and Jim Swaisgood of
the IRP have also had the opportunity to examine an exposure of the
Continental Fault in the Continental Pit highwall. These investigations
have not determined conclusively the fault is inactive (nor that it is
active). KP have therefore chosen to maintain a conservative approach
and consider the fault to be potentially active for stability analyses
conducted to date. Additional studies to evaluate fault activity or
inactivity may be performed later to support future evaluations. The

6
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approach may be modified in the future if further investigations
determine the fault to be inactive.

to 100,000 years. The State of Montana may be open to discussion on a
lower design ground motion.

6-2 Comment Both of those fault sources (Continental and Rocker Faults) contribute Concur. This is to be expected.
substantially to the results of the probabilistic SHA (PSHA) and the
Continental Fault dominates the results of the deterministic SHA (DSHA).
6-3 Comment The precedent of assuming fault activity without field confirmation can Agree, the YDTI stability analyses completed adopt a conservative
lead to excessively conservative results. approach. The stability analyses however demonstrate appropriate
Factors of Safety and tolerable displacements, in spite of this
conservative approach. It is not intended to form a precedent for other
sites. As noted above in Response 6-1, the assumption that these faults
were active was made as early as the 1980s by IECO and is currently
included as an active source because it cannot presently be disproved.
6-4 Comment MR and their consultant have adopted the conservative position that the Correct.
fault is active
6-5 Comment The 84th percentile design case corresponds to a return period of close Agree, adopting the 84" percentile ground motion, which corresponds to

a return period of close to 100,000 years is a very conservative
approach for seismic design. The EOR and IRP have discussed this at
length and concluded this is a reasonable approach at this time for
closure conditions at the YDTI.

7.0 STABILITY ASSESSMENT RE

PORT

7-1

Comment

Portions of the rockfill embankment may not be free-draining. While
undoubtedly heterogeneous, portions of the embankment are not free-
draining.

The historical YDTI was designed and constructed to allow the tailings
mass to drain laterally and vertically into the more permeable rockfill
embankment zones. The heterogeneous nature of the obliquely layered
rockfill results in zones of high hydraulic conductivity that allow the
overall embankment structure to drain freely by gravity. It is anticipated
that some relatively smaller zones of finer grained material will drain
more slowly due to the lower permeability as compared to the coarser
stratifications within the embankment fill. These finer grained zones are
still expected to be free-draining, albeit more slowly. The heterogeneous
and obliquely stratified nature of the rockfill is described by Applied
Geologic Services (2017), and as summarized in the Site
Characterization Report (Rev 2).

7-2

Recommendation

(Embankment rockfill) must be regarded as potentially loose, segregated
compressible, and contractive when subjected to shear stress.

Embankment rockfill has typically been placed in relatively loose end-
dumped lifts ranging from about 30 feet to approximately 100 feet in
height, in order to promote segregation and to incorporate highly
permeable stratified zones of coarser rockfill and thus facilitate the free
draining nature of the embankments. These rockfill materials have been
compressed under self-weight loading, such that the deeper rockfill is
considerably denser and more compact than the upper rockfill materials.
The determination of appropriate shear strength parameters has
considered both the nature and characteristics of the rockfill materials,
as well as the free draining nature of the emplaced embankment fill,
when considering the behavior of these materials when subjected to
shear stresses.

7
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7-3

Comment

High pressure effects are expected to enhance the contractive nature
during shear of the fill forming the YDTI embankment.

High pressures occur in the deeper sections of the embankments, due to
static self-weight loading caused by the progressive expansions to the
facility. Similar gravitational processes have also occurred in the
adjacent hydraulically emplaced tailings sands/silts within the
impoundment, where in-situ CPTs (as discussed in the Site
Characterization Report) have confirmed the increasing density with
depth due to high pressures from self-weight loading and tailings
drainage.

Comment

The fill comprising the embankment is chemically reactive.

The rockfill materials used for embankment construction, both historically
and currently, is acid generating, as are other waste dumps at the mine
site. The sulfide bearing rockfill materials have higher acid potential than
the leached capping rockfill materials. The neutralization potential in
most of the embankment rockfill is low.

The potential for long-term physical and geochemical degradation of the
embankment fill was a fundamental consideration when defining the
shear strength function for rockfill that was used in the stability
assessment. A conservative strength function was adopted for the
analyses in recognition of the potential for site-wide variability and
potential for long-term degradation in closure.

7-5

Comment

High stress and geochemical processes affect the durability of the rockfill
to a degree that its future geomechanical behavior is of concern.

The nature and characteristics of the embankment rockfill materials,
which are under high stress conditions and are prone to geochemical
weathering processes have been considered, and factored into the
designs and stability assessments.

7-6

Comment

Any assessment of consequences of failure would result in an "extreme"
rating.

The risks and consequences of hypothetical embankment failure have
been evaluated in the Dam Breach Risk Assessment (Rev 2). The
consequences of an embankment failure could be considered to be
‘Extreme’ for certain locations within the YDTI, i.e. at the north end of the
North-South Embankment under flooded conditions, where the
hypothetical instability could allow for the sudden uncontrolled release of
ponded water and fluid tailings slimes. The consequences of a
hypothetical failure with a normal operating pond volume where the
embankments are abutted by extensive drained tailings beaches i.e.
along the East-West Embankment would receive a ‘moderate’ or ‘major’
rating as the consequences would be limited to localized deformation of
the rockfill embankment and adjacent drained tailings beaches.

7-7

Comment

Seepage History
Neither the design nor the operation of the embankment has precluded
ingress of tailings and seepage into the structure.

The embankments have been designed and constructed to facilitate and
enhance drainage and seepage from the tailings mass, rather than to
preclude it. Rockfill segregation during construction of the thick dump
lifts results in sub-horizontal zones of coarser high conductivity rockfill
along the base of the lifts which can represent preferred seepage
pathway for fluids draining from the tailings impoundment and through
the embankments.

Comment

A significant zone of saturation exists within the structure, particularly
within the East-West Embankment.

Incorrect. A relatively thin/shallow zone of saturation is present along the
base of the East-West Embankment where seepage from the tailings
mass drains to Horseshoe Bend, as outlined in the Site Characterization
Report. Extensive zone(s) of saturation are not indicated in the upper

8
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portions of the embankment. Relatively localized perched seepage
flows, such as those observed at Seep 10, are expected during
operations.

7-9

Comment

Four separate incidents of seepage up to 1000 gpm and tailings flow
through the North-South Embankment and related slumps were
highlighted in the 2016 EOR inspection report

Horizontal zones of coarse, high permeability rockfill are created by
natural segregation of the rockfill during embankment construction and
occur approximately every 50 ft horizontally in the embankment. The
2016 tailings seepage incidents occurred when the YDTI tailings beach
and active discharge stream were at the same elevation as a coarse,
high permeability zone. The active tailings stream was therefore able to
migrate laterally into the coarse zone, through the embankment along
the base of the rockfill lift and discharge at the downstream face of the
embankment.

Descriptions of the 2016 incidents and mitigation measure implemented
are described in the 2016 EOR Annual Inspection Report (AIR). The
design of the next stage includes construction of the YDTI embankments
with an alluvium facing layer to mitigate tailings migration into these
coarse rockfill zones in the future.

7-10

Comment

The postulated phreatic surface, as well as additional water elevation
data that show water levels elevated within the embankment, as
supportive of our view that substantial zones of saturated fill exist within
the embankment.

The phreatic surface postulated by ARCO is not supported by drilling
observations or piezometric records. Detailed inspection of continuous
sonic drill core show the rockfill to be predominantly unsaturated (free-
draining) above a relatively small basal saturated zone. Isolated perched
saturated zones have been observed in drill core and by piezometers
above the main phreatic surface; however, these are inferred to be
localized occurrences and are disconnected from the basal saturated
zone below. These observations preclude the delineation of the
substantial zones of saturated fill as hypothesized by ARCO.

7-11a

7-11b

Comment

Dawson, et al. (1998) have described liquefaction flow slides in Rocky
Mountain coal mine waste dumps and Valenzuela, et al. (2011) discuss
potential instability of high waste dumps undergoing leaching and
subjected to earthquake loading...

These papers support our view that even if zones of saturation are
limited, undrained failure can develop.

KP has considered the limited precedent outlined in these referenced
papers and has commented on the relevance of the suggested
precedent to the YDTI embankments in the Stability Assessment Report
(Rev 2). The ARCO hypothesis for potential undrained loading
conditions has been evaluated as part of the sensitivity analyses
described in this report.

Saturation does not mean a material will behave in an undrained
manner, and behavior in an undrained manner does not imply failure has
occurred. The extreme sensitivity analyses performed using lower bound
undrained strengths indicate the embankment will remain stable even if
large scale undrained loading is triggered.

7-12

Comment

Given the presence of a significant saturated zone of fill and the
contractive nature during shear, the conditions for undrained failure exist.

The information presented in the Site Characterization Report indicates
that this ARCO premise of significant zones of saturation in the rockfill is
unsupported. There is a localized zone of saturation along the base of
the East-West Embankment that has been present since at least the
early 1980s.

Interbedded fine-grained and coarse-grained zones are present within
the fill. Coarse-grained zones are present even in zones of high
pressure. Saturated, fine grained material may behave in a contractive

9
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manner under shear. Undrained loading therefore could theoretically
occur locally at some point in the life of the facility without impacting the
stability of the impoundment. Any excess pore pressures generated
during the hypothetical undrained loading condition would dissipate over
time. The favorable orientation of the embankment fabric and presence
of well drained, stronger zones encountered during geotechnical
investigations surrounding fine grained material indicates that although
weaker and stronger zones exist, a continuous weaker layer is not
credible.

Comment

Undrained shear strength properties are required for stability analyses.
Both of the references cited above and theoretical considerations
suggest undrained strength ratios over the range of 0.25 to 0.3.

Undrained stability analyses have been conducted as sensitivity
analyses to the base case stability evaluations and are presented in the
Stability Assessment Report in Section 5.4.3. Appropriate undrained
shear strength properties have been selected based on site specific
laboratory testwork as well as other appropriate precedents.

7-15

7-15a

7-15b

7-15¢c

Comment

Performed screening-level analyses based on the cross-sections

presented on Figure 5.2(c) and 5.2(d) of the Stability Assessment

Report.
- For Case 1, the calculated factors of safety range from 0.89 to

1.03 compared with 1.7 to 2.0 given in Table 5.2 of the Stability

Assessment Report. A factor of safety of less than 1.0 would

indicate failure.

- For Case 2 the undrained strength ratio for the degraded
rockfill is modeled with an anisotropic strength ranging from
0.25 for horizontal portions of the shear surface and 0.30 for
the steeper portions of the failure surface...

- For Case 2, the calculated factors of safety range from 0.95 to
0.96, which also indicate failure.

The screening level stability analyses are based on the incorrect
geotechnical and hydrogeological models of the East-West
Embankment.

The hydrogeological (pore pressure) conditions applied in the ARCO
screening level assessment apply hydrostatic pore pressure conditions
to the embankment fill below the piezometric line. This characterization
of pore pressures is not supported by measured piezometric data or
observations within the drill core during sonic drilling. A summary of the
appropriate piezometric characterization for the East-West Embankment
is provided in the Site Characterization Report (Rev 2) and the Stability
Assessment Report (Rev 2).

An incorrect application of undrained shear strengths has compounded
the inaccuracy of the screening level calculations. ARCO has incorrectly
applied undrained shear strengths to well drained rockfill materials below
the incorrectly inferred piezometric line. These low shear strength values
are unrealistic for the drained rockfill materials that have been utilized to
construct the embankment.

The ARCO FoS are based on a geotechnical model with embankment
materials having undrained shear strength characteristics equivalent to a
weak normally consolidated clay material. The analyses assume that
these materials exist as a massive zone of embankment fill comprising
approximately half of the embankment. ARCO has not properly
accounted for the true nature of the embankment fill material, the
orientation of the rockfill fabric, nor the free draining nature of the
materials.

Recommendation

We believe similar factors of safety may exist for the existing
embankment and strongly encourage the Engineer of Record to perform
those calculations for an undrained condition for existing conditions and
geometry.

ARCO'’s stability analyses are unrealistic as noted above in Response
7-15. The Stability Assessment Report (Rev 2) confirms the FoS
requirements for static loading are achieved for current and future
normal operating conditions. The YDTI embankments are stable with a
FoS of 2.0 or greater.

10
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KP has completed sensitivity analyses evaluating undrained loading for
the East-West Embankment for both the existing and future conditions
and geometry using a conservative conceptual model that KP considers
is more appropriate than the analysis presented by ARCO. These
analyses confirm the stability of the current and proposed embankment
will remain stable even if large scale undrained loading is triggered.

have to be evaluated with respect to earthquake induced embankment
deformation.

7-17 Comment ...the Guidance Document for the Health, Safety, and Reclamation Code | The Montana law cannot be replaced by guidance or law of another
for Mines in British Columbia, which is becoming a leading reference for | state or country.
tailings dam designs, presents in their Table 3-2 a minimum static factor
of safety of 1.5 for tailings dam design (2016a). We believe this reflects The controlling section of MCA 82-4-376 for factors of safety against
the most current applicable technology or techniques for safe dam slope instability in an existing facility is (I) which states “ for expansion of
design. This guidance, and Montana legal requirements to use the most | an existing tailings storage facility, either an analysis showing the
current technologies and techniques under MCA 82-4-376(e), require a proposed expansion meets the minimum design requirements for a new
factor of safety of 1.5 for operating conditions at the YDTI. tailings storage facility under this section or an analysis showing the
proposed expansion does not reduce the tailings storage facility’s
original design factors of safety and seismic event design criteria;”. The
Stability Assessment Report (Rev 2) details the relevant MCA legislative
requirements.
7-18 Recommendation It is our view that the implications of undrained failure should be The Stability Assessment Report (Rev 2) presents sensitivity stability
assessed for both current and future proposed sections under both static | analyses that consider undrained loading conditions.
and dynamic loading conditions.
7-19 Comment If the ground motions include components that are somewhat oblique to The Dam Breach Risk Assessment (Rev 2) considers the risk and
the East-West Embankment they could tear the embankment apart. At consequences of a hypothetical transverse tear developing in the
this point it would not be able to contain the liquefied tailings. embankments from extreme seismic loading. Appendix A of the report
also includes an assessment of the potential flowability of the in-situ
tailings in the event of a hypothetical tear propagating deep into the
embankment section. The assessment identifies the potential for very
limited tailings liquefaction and no loss of containment in the YDTI as the
nature and characteristics of the in-situ tailings would prohibit this from
occeurring.
7-20 Recommendation The implication of the adopted undrained failure mechanism will also The Stability Assessment Report (Rev 2) and the Dam Breach Risk

Assessment (Rev 2) provide additional analyses and discussions with
respect to undrained loading conditions and the potential implications on
the estimated earthquake-induced embankment deformation. The
analyses indicate the deformation will remain within design tolerances.

8.0 EOR 2015 ANNUAL INSPECTI

ON REPORT

8-1

Comment

The alluvium separation zone has not been considered an integral part
of the design of the embankment, but more as a mitigation measure
when waste and tailings were observed to flow into the structure.

The alluvium separation zone was historically selectively placed as
required to mitigate migration of the active tailings stream into and
through the more coarse zones in porous rockfill structure. The active
tailings stream has occasionally found a low pressure drainage pathway
and migrated through open rockfill layering that had been deliberately
developed to promote pervious drainage pathways within the
embankment. The flow that has migrated through periodically during
these leak events, is from the tailings stream and is captured on the
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benches below. Downcutting or mobilization of tailings from the adjacent
settled tailings beach within the impoundment has not been observed,
nor has erosion within the embankment structure or in the base of the lift
at the leak outlet. Localized and minor erosion of the downstream bench
slope beyond the outlet of the leak has occasionally occurred. The
alluvium separation zone, when placed, effectively mitigates and
eliminates the potential for tailings flow through these pervious drainage
pathways while still maintaining the free draining nature of the
embankment fill.

8-2

Comment

A particularly serious leakage event occurred on 16 November 2015...
Seepage was observed from Station 13+00 to 20+00. Ponding
developed on the 6300 Lift.

The November 2015 tailings leakage event is described in detail in the
2015 AIR. It was considered carefully and treated as a serious dam
safety event. The leak presented / daylighted on the embankment
downstream slope and tailings solids accumulated on the EL. 6350 lift;
however, the overall implications were largely cosmetic in nature. The
event did initiate EOR recommendations in 2015 for advanced mitigation
measures including placement of alluvium facing to reduce the likelihood
of repeat occurrences. Further response regarding these tailings leak
events and the mitigation measures implemented are presented in
Responses 7-9 and 8-1, and detailed in the 2015 and 2016 AIRs.

8-3

Comment

Considerable seepage is collected about 250 ft. above the toe and at the
Horseshoe Bend (HSB).

Seep 10 is a perched seepage flow comprising of clear water that is
monitored and collected at a location situated approximately 250 feet
above Horseshoe Bend (HsB), which is the lowest point in the valley.
The Seep 10 flow monitoring weir indicates a relatively constant flow rate
of approximately 220 gpm.

All seepage flows from the free draining rockfill embankments ultimately
report to the low point of the valley at HsB as per the design intent.

The seepage flow rates have been monitored for several decades and
are consistent with design expectations for this free draining
heterogeneous tailings impoundment. These flow rates do not imply
extensive zones of saturation within the embankment rockfill.

Comment

Piezometers in the East-West Embankment indicate levels as high as
6300 ft.

Incorrect. The piezometers do not suggest a phreatic surface elevated to
6300 ft in the East-West Embankment.

The highest piezometric elevation recorded in East-West Embankment
rockfill is approximately 6030 ft (DH15-S5, VW3). This value is from the
central section near the embankment crest and is interpreted to be a
perched water level. Piezometric elevations recorded elsewhere in the
East-West Embankment rockfill range between 5,600 ft and 6030 ft;
many of which are also interpreted to be perched water levels. The main
phreatic surface within the embankment is expected to range in
elevation between approximately 5,850 ft upstream to 5,650 ft at the
downstream toe.
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There are a number of VWP instrumentation sites installed in the tailings
mass adjacent to the East-West Embankment. These sites record
piezometric elevations within the tailings ranging from 6,270 ft to

6,280 ft. Piezometric elevations in the rockfill drop off sharply due to the
relatively higher hydraulic conductivity of rockfill material compared to
tailings.

assessed as to whether any lateral displacements are likely, and if so, if
they are of consequence.

8-5 Comment All of the above supports our view that significant zones of saturation Incorrect. This view is not supported by design, construction records,
exist within the embankment. drilling investigations, nor operational monitoring of piezometric data.
8-6 Comment The pattern of cracking, particularly in Photo 6, looks like a system of The similarity in cracking pattern has been noted.
Riedel shears, that would be symptomatic of differential lateral
deformation. The potential for differential lateral shear displacement was considered
and discounted by the EOR. The cracking was deemed to have resulted
from differential settlement within the rockfill lift and was locally
influenced by settlements within tailings beach materials at this North-
South Embankment location.
8-7 Recommendation Recommend that the cracking pattern be presented in plan and Concur.

9.0 DAM BREACH RISK ASSESSMENT

a suitable dry closure landform.

In the short-term other risk mitigation measures may be warranted
including reduction of water in the tailings impoundment, development of
alternative disposal locations, buttressing, and/or alternative disposal
technologies.

9-1 Comment If a dam breach consequence report is not going to be prepared, Section (n) of MCA 82-4-376 (n) requires development of a dam breach
information regarding the potential consequences of a breach is still analysis, a failure modes and effects analysis or other appropriate
needed to evaluate potential actions to mitigate the risk. detailed risk assessment, and an observational method plan addressing

residual risk. A detailed dam breach risk assessment was considered the
most appropriate and applicable approach for the YDTI facility
amendment application. The Dam Breach Risk Assessment (Rev 2) is
part of the YDTI Design Document package.

9-2 Comment We draw attention to the merit of some of the alternatives for creation of The current reclamation strategy includes an extensive tailings capping

layer over the maximum extent of trafficable tailings beaches with a
significantly reduced water pond that will vary seasonally. The closure
water balance identified an average post-closure stormwater
management/evaporation pond volume of approximately 500 ac-ft with
an estimated surface area of 140 acres (8% of the total impoundment
area). The reclamation activities includes placement of a surface cap
and vegetative cover on the tailings beach surface to promote
evapotranspiration, which is consistent with a typical dry non-flooded
cover philosophy.

Many other risk mitigation measures are already underway, as detailed
below:

e MR committed to gradually reduce the volume of supernatant water
stored in the YDTI in 2015 and began reducing its use of Silver Lake
Water in April 2016. A study to evaluate and optimize fresh water needs
at the mill was completed in Q2 2017. The reduction in the freshwater
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use that has been achieved by MR to date, has surpassed expectations,
and is therefore well ahead of target. In July 2017, MR maintained an
overall average daily SLWS flowrate of 1.0 Mgpd for the entire month.

The tailings distribution system has been expanded from the single
southern discharge point at the center of the impoundment to include 8
discharge points to develop extensive drained tailings beaches adjacent
to all three embankments. New beach development is progressing well
along West Embankment and at the end of the North-South
Embankment while maintaining the robust beaches separating the East-
West Embankment from the supernatant pond.

The static and seismic stability of the East-West Embankment has been
improved by constructing the rockfill surcharge, which also acts as a
lead off berm for the tailings discharge and has increased the thickness
of the unsaturated tailings zone adjacent to the embankment and
reduced perched pore pressure conditions measured in the
embankment.

Selective and strategic placement of rockfill to further improve
embankment stability and to support reclamation objectives will be
considered while evaluating options for storage of excess rockfill
produced during mining of the Continental Pit.

10.0 RECLAMATION OVERVIEW

evaluate dry closure alternatives.

10-1 Comment A focus on feasibility of dry closure would clarify the options available, The current YDTI reclamation strategy is considered to be a dry closure
particularly for the long term. with a small stormwater management /evaporation pond located on the
north side of the facility. See Responses 4-2 and 9-2 above.
10-2 Recommendation We recommend that the closure strategy be re-visited... to further See Responses 4-2 and 9-2 above.
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11.0 POTENTIAL MITIGATIONS

11-1a

11-1b

11-1¢c

11-1d

Mitigation
Recommendation

MR should consider...evaluating some high-level conceptual designs
such as:

- Add a buttress at the toe and along the downstream face as
necessary.

- Develop an "improving stability approach" by storing tailings in
the Berkeley Pit or elsewhere while building the buttress.

- Develop a "no harm" approach to expansion, such as
constructing a buttress, or recognizing that as the impoundment
is expanded the calculated factor of safety increases with time...
It is recognized that the buttress construction would need to be
a priority and proceed as soon as practicable, but incrementally,
based on availability of material from the mine plan.

- Construct leadoff berms to allow for deposition further from the
crest.

MR has evaluated rockfill disposal site layouts that would provide
additional buttressing along the toe of the embankments. Selective and
strategic placement of rockfill to further improve embankment stability
and to support reclamation objectives will be considered while evaluating
options for storage of excess rockfill produced during mining of the open
pit.

The current design and construction philosophy is consistent with this
proposed approach as described in the Stability Assessment Report
(Rev 2). It is noted the surcharge loading along the East-West
Embankment is one example of this staged development approach. MR
continues to expound on their robust embankment design/construction
philosophy — ‘When in Doubt, Build it Stout’.

The rockfill surcharge that has been developed over the last few years is
an example where this type of tailings deposition strategy has already
been implemented. MR has made significant advancements in their
tailings deposition practices over the last several years and particular
over the past several months as the multiple tailings discharge points
have been commissioned.

12.0 RECENT DISCUSSIONS

condition analysis post earthquake may be acceptable but as
summarized above this is - .inconsistent with the regulatory
requirements.

12-1 Recommendation Future monitoring of the performance of piezometers and observation Concur. A phased site investigation program is underway to supplement
wells is essential to confirming adequate slope stability under various the existing embankment monitoring network as noted in Response 2-15
types of loading...More instrumentation sections are warranted. and 12-5a.

12-2a Comment The saturated zone adopted for past stability studies is likely more The hydrogeological mo