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Tailings Working Group: Terms of Reference

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

Proposed Casino Mine Project
Tailings Management Facility Technical Working Group
Draft Terms of Reference
1.0

Mandate

The Tailings Management Facility (TMF) Technical Working Group (TWG) is an information‐
sharing group. Casino Mining Corporation (CMC) has established the TWG to seek input on the
Best Available Technology Study for Tailings and Waste Rock Management (BAT Study), as
outlined in the attached flowchart.
2.0

Membership

Members invited to participate include technical representation from:









Selkirk First Nation
Little Salmon Carmacks First Nation
Tr’ondëk Hwëch’in
White River First Nation
Kluane First Nation
Yukon Environmental and Socio‐economic Assessment Board (YESAB)
Yukon Government
Government of Canada

Representatives from ERM (BAT Study facilitator), the TMF design engineer (Knight Piésold Ltd)
(KP), and CMC will also be participants in the TWG. Other members may be included in the
group as required.
3.0

Chair

CMC will chair the TWG.
4.0

Meeting Agenda

CMC will prepare and distribute the meeting agenda two weeks prior to the meeting date.
Meeting dates will be set to accommodate as many members of the TWG as possible. In‐person
meetings will be held in Whitehorse, or in a location to facilitate in‐person participation from as
many members as possible. On‐line participation options will also be made available, if in‐
person participation is not possible.

Proposed Casino Mine Project
Tailings Management Facility Technical Working Group
Draft Terms of Reference
5.0

Meeting Record

CMC will prepare meeting summary notes to capture and summarize discussions. The draft
notes will be emailed to members for review and comment. CMC will finalize the meeting
summaries and email the final version to members.
6.0

Tenure

The TMF TWG will be active until the CMC BAT Study is complete. Opportunities for activities
outside of the BAT Study may be evaluated at the mutual agreement of the TWG.
7.0

Confidentiality

CMC will provide available documentation relevant to the review and assessment of the tailings
and mine waste strategy. The majority of this documentation has already been provided to the
public through the YESAB assessment. However, should there be documentation issued in draft
for review by the TWG, the distribution of this material will be limited to those individuals on
the TWG.
8.0

Transparency

The outcomes of the TWG meetings, and the meetings themselves, may be documented in
detail or in summary, and those summaries and outcomes may form part of the YESAB process
and/or the permitting and regulatory process thereby becoming part of the public domain.
9.0

Prejudice

The intent of the TWG is to enable CMC to seek input into the BAT study, in the interest of
incorporating suggestions and alternative viewpoints (from First Nations, Yukon, and federal
agencies) early on, and ultimately strengthening the study. TWG members’ participation in this
process is without prejudice. Participation in the TWG does not infer consent for the Casino
Mine Project by the groups represented, nor do the participants’ views necessarily reflect the
views of the groups which they represent. Participants are not responsible for any decisions
CMC makes with respect to implementation of the results of the BAT study, and all decisions
are CMCs alone.
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Tailings Working Group: Engagement Plan and Meeting Notes

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

Proposed Casino Mine Project ‐ Engagement Plan for BAT Working Group
This engagement plan summarizes the proposed involvement of the Tailings Working Group (TWG) in the
Best Available Technology Study (BAT Study) to be conducted for the Casino Mine Project.
Where possible, 1 to 2 weeks will be provided to TWG members to review materials, although this may be
adjusted depending on the amount of information and/or other scheduling factors (e.g. upcoming
workshops), or to accommodate the TWG’s resources and availability.

Step

Task and Documentation

Proposed Engagement

Step 1:
Identify
Candidates

Threshold criteria: list of threshold
Circulate online
criteria used to develop the long‐list of ‐ Review and comment on both threshold
candidates.
criteria (Step 1) and screening criteria (Step 2)
Long‐list of candidates: table
Circulate online
providing “long‐list” of candidates
‐ Review and comment on long‐list of
(including description of location,
candidates
tailings technology, waste rock
‐ Opportunity to propose/consider additional
management, etc. for each candidate).
candidates that meet threshold criteria

Step 2:
Critical Flaw
Assessment

Screening criteria: list of screening
criteria (yes‐or‐no questions) designed
to identify immitigable flaws.

Circulate online
‐ Combined review with threshold criteria
(Step 1)

Critical flaw assessment results:
completed critical flaw assessment
table detailing results for each
candidate.

Circulate online
‐ Review and comment on the critical flaw
assessment results

Hold a WebEx meeting to discuss the
results.
Step 3: High
Level Risk
Assessment
(HLRA)

Step 4:
Characterize
1

WebEx
‐ Meeting to discuss results

HLRA definitions: definitions for
likelihood and consequence, and HLRA
components.

Circulate online
‐ Review and comment on the HLRA definitions
and components

HLRA results: a table providing
background info for each candidate
will be provided in advance.

Circulate online
‐ CMC will prepare background information for
HLRA for each candidate.

A two‐part workshop will be used to
collaboratively determine risk ratings
for each candidate, and select which
‘lower risk’ candidates to carry
forward.

Workshop (in‐person)
‐ Workshop (Part I) to assign HLRA ratings for
each candidate
‐ Workshop (Part II) to review HLRA results
and determine short‐list of candidates

Characterization criteria: list of
accounts, sub‐accounts, and

Circulate online
‐ Review and comment on the accounts, sub‐
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Step
Candidates

Task and Documentation
characterization criteria.

Proposed Engagement
accounts and characterization criteria to be
used.

Characterization results: completed
characterization tables for each
candidate.

Circulate online
‐ Review and comment on completed
characterization tables
‐ Option to complete the characterization of
Aboriginal interests (for each First Nation)

Opportunity for First Nations to
characterize Aboriginal interests/land
use related to each candidate.
Step 5A:
Multiple
Accounts
Ledger

Multiple accounts ledger set‐up:
blank ledger table listing the accounts,
sub‐accounts, and indicators, along
with six‐point scales for each
indicator.
Hold a WebEx meeting to review and
discuss the six‐point scales.
Multiple accounts ledger results:
completed ledger, scoring each
candidate according to the six‐point
scales.
Hold a WebEx meeting to review and
discuss the results, and edit as
needed.

Step 5B:
Value‐Based
Decision
Process

Circulate online
‐ Review and comment on blank table of
accounts and six‐point scales
WebEx
‐ Meeting to discuss six‐point scales
‐ Note: meeting requires advance review by all
participants to ensure discussion is focused
Circulate online
‐ Review and comment on completed ledger
WebEx
‐ Half‐day meeting to discuss scoring results
and adjust scores
‐ Note: meeting requires advance review by all
participants to ensure discussion is focused

Value‐based weightings: spreadsheet WebEx
providing CMC’s value‐based
‐ Meeting to introduce CMC’s draft weightings,
weightings for accounts, sub‐accounts,
and demonstrate the spreadsheet’s
and criteria. Spreadsheet will calculate
functionality
the weighted merit ratings based on
Circulate online
the weightings provided.
‐ Review and comment on CMC’s draft
Spreadsheet will be editable so that
weightings
participants can devise own
‐ Option to develop own weightings (for some
weightings.
or all accounts)
WebEx
‐ Meeting to discuss and compare weightings
and resulting weighted merit ratings

Step 5C:
Sensitivity
Analysis
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Sensitivity scenarios: list of sensitivity
scenarios.

Circulate online
‐ Review and comment on list of scenarios, and
suggest new scenarios

Sensitivity analysis: table of weighted

Circulate online
May 5, 2017

Step

Task and Documentation
merit ratings calculated for each
candidate based on different
sensitivity scenarios.

Proposed Engagement
‐ Review and comment on sensitivity results

Step 5D:
Preferred
Candidate

Preferred candidate: table of
weighted merit ratings and sensitivity
analysis, identifying preferred
candidates for each scenario.

Workshop (in‐person)
‐ 1 day workshop to review results and select
preferred candidate(s) to carry forward to
FMEA in Step 6

Hold a 1‐day workshop to discuss
results and select preferred candidate
for further study.
Methods of engagement for Steps 6 through 9 will be considered once Step 5 is complete.

3

May 5, 2017

Proposed Casino Mine Project
Tailings Working Group (TWG) Workshop
April 11, 2017 – 08:30 to 16:00
Waterfront Business Station, Whitehorse Yukon
Meeting Summary Notes
*Please note that these meeting notes provide a summary of the discussion; however, these are not
detailed minutes of the workshop. While we have endeavored to document the main points, some
discussion items may not be included. An audio recording of the meeting is available upon request, and
the slide deck is appended.

Participants















Mary Mioska (MM), Casino Mine Corp. (CMC)
Anna Sundby (AS), ERM
Anne Currie (AC), ERM
Julianne Madsen (JS), ERM, via teleconference
Greg Smyth (GS), Knight Piésold Ltd.
Cord Hamilton (CH), representing Selkirk First Nation
Bill Slater (BSL), representing Selkirk First Nation
Ray Sabo (RS), representing White River First Nation
David Chambers (DC), representing Tr’ondëk Hwëch’in First Nation (arrived at 14:30)
Mellissa Cyr (MC), Canadian Northern Economic Development Agency
Bernard LaRochelle (BL), Canadian Northern Economic Development Agency
Nathan Aasman (NA), YESAB
Erin Dowd (ED), Ministry of Energy, Mines and Resources, Yukon Government
Lauren Haney (LH), Development Assessment Branch, Yukon Government

Materials (appended):



DAY 1 Casino Project_BAT Study Workshop Presentation
TWG Workshop Agenda (April 11-12, 2017)

Agenda Item

Discussion

1. Welcome



MM and AS welcomed workshop participants and there were roundtable
introductions.

2. Workshop
Objectives




AS reviewed the workshop objectives.
MM noted the BAT study report will be appended to CMC’s ESE Statement.
The study will be informed by the BAT studies that have been completed
for BC mine projects.

3. Working
Group Terms
of Reference



CH noted First Nations are participating on the Tailings Working Group
(TWG) but they are not acting as advisors to CMC. Therefore the terms of
reference should be edited to reflect this, and to indicate the involvement of
First Nations is without prejudice to the YESAB process.
BSL agreed with CH’s comment and requested the terms of reference be
edited to indicate the involvement of TWG members is without prejudice to
the YESAB process.
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4. Project and
YESAB
Process
Update

5. BAT Study
Rationale

AS noted the terms of reference will be revised to indicate the participation
of Working Group members is without prejudice to the YESAB process.
MM invited further comments on the Terms of Reference, to be provided by
May 11, 2017, after which CMC will update the draft Terms of Reference.
ACTION: Updated Terms of Reference to be provided by CMC.




MM provided an update on the Project and reviewed the YSEAB process.
MM confirmed the ESE Statement will not be submitted in December 2017
as originally planned as CMC is focusing on updating the design of the
tailing management facility and the BAT study.
 CH questioned whether Casino will be undertaking an alternatives
assessment of the water treatment technologies as required by the ESE
Statement Guidelines. MM responded that Casino is not planning to
conduct an alternatives assessment of the water treatment technologies.
Subsequent to this discussion, it was confirmed that the ESE Guidelines
Statement do not require an alternatives assessment of water treatment
technologies.
 Participants commented the online video of the Casino Project is slightly
different than the version viewed at the meeting.
 BSL asked if other alternatives will be assessed using a BAT study; for
example, alternatives for water treatment. Use of multiple accounts analysis
has been used before for mine waste management, but it could also be used
to evaluate water treatment alternatives.
 NA provided an overview of the panel process and related activities, noting
the panel hearings will include hearings on both general and technical
matters.
Guidelines for dam safety:
 Discussion included dam safety guidance from Mining Association of
Canada (MAC) and Canadian Dam Association (CDA). MAC’s Towards
Sustainable Mining (TSM) program is increasingly recognized
internationally, and other countries are adopting the TSM guidance. The
TSM initiative is mandatory for MAC members, and CMC is a member.
 GS reviewed the rationale for the BAT study, and noted the MAC Tailings
Working Group is revising its Guide to the Management of Tailings Facilities
(2011), following the Mount Polley and Samarco dam failures. The Working
Group plans to release an update in the latter part of 2017. GS noted that he
is a member of the Working Group.
 MM noted CMC is a member of MAC, and also has a representative on the
Tailings Working Group.
 CH noted that he is participating on a Canadian Dam Association
Committee that is reviewing the dam classification system, noting BC
Hydro has an excellent dam classification system.
Independent Engineering Review Panel
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6. Overview of
Tailings and
Waste Rock
Management



CMC has established an Independent Engineering Review Panel (IERP) for
the Casino Project. This is a new requirement for operating mines in BC, but
CMC has chosen to establish the IERP at the planning stage for the Casino
Project.
MM distributed the Executive Summary of the IERP’s first report,
summarizing the panel’s recommendations. MM noted that a number of the
recommendations in the IERP report have led to subsequently
optimizationsof the TMF design.
In response to the slides related to CMC’s Independent Engineering Review
Panel, CH said that Selkirk First Nation is in favour of the IERP, but noted
the importance of sharing information. CH referred to the Samarco mine
failure in Brazil, noting there was an independent panel in place for this
mine but the panel’s recommendations were not communicated to the
communities and regulators. CH stressed the importance of CMC
communicating IERP recommendations to communities and regulators.
Participants asked if the ToR for the IERP can also be shared, along with the
full report. CMC will check the confidentiality of these materials and report
back about its decision to share these materials as part of the BAT study.
ACTION: MM committed to determine whether the IERP Terms and
Reference and report can by shared with the TWG. (Update: The IERP
Terms of Reference will be shared with the group).
GS reviewed general tailings and waste rock management approaches and
technologies for mines.

Post-closure consolidation
 CH referred to slide 25 and asked whether the long-term physical stability
of tailings will be considered, including potential settling or consolidation of
materials in regard to tailings and waste rock storage, noting that it is
important to consider closure and post-closure. For long-term storage,
volume stability needs to be considered.
 GS agreed that consolidation of tailings is an important factor when
considering the closure design. Spillway design also needs to accommodate
the fact that consolidation will occur over a number of years postoperations. GS noted long-term physical stability will be considered in the
closure design.
Waste rock management
 In response to CH’s comment that the waste rock is already acidic, GS
responded that the Lorax geochemistry studies will need to be reviewed to
confirm this statement, noting he recalls there is one unit that is more
reactive than others. The management decision for this particular unit was
to place it on surface and process it at the end of the mine life or place it
back in the pit upon closure, as opposed to manage it within the TMF. GS
noted that this acid-generating waste rock is a relatively small volume
3

compared to other waste rock types.
Co-disposal of mine waste
 CH referred to other mine projects where tailings and waste rock are comingled in lifts, where tailings fill the voids of the waste rock. This method
potentially results in a more stable mass, and may not require an
embankment.
 GS noted this type of co-disposal may be considered in the BAT study.
There are some studies for this type of co-mingling to result in a facility
with no embankments, but this technology needs further evaluation. For the
Casino project, co-disposal may be a more representative description than
co-mingling.
Casino project: optimized design
 GS noted that the Casino design has been progressively optimized over the
past 10 years to address environmental issues, reduce water volumes and
changing practices as it relates to tailings, waste rock and water
management.
Seepage and drainage
 MC noted the IERP recommended that alternatives to a till core be
considered, as current investigations have not identified sufficient volumes
of low permeable material in the Project area; furthermore, the IERP
identified that alternatives to the core to manage seepage should be
considered. GS noted that a key goal of the core is to minimize seepage
from the TMF during operations and closure. The IERP identified several
options including 1) find additional low permeable material from
elsewhere, 2) eliminate the core through design modification, and 3) replace
the core with alternate materials such as an asphalt core or geosynthetic
liner. GS commented a till core may not be required to manage seepage,
and will be the focus of future design optimizations.
 GS noted that a partially drained facility may be considered in the BAT
Study as there may be an opportunity to manage tailings and waste rock in
this manner while still achieving ML/ARD objectives.
 GS noted that the starter dam will act as a water retaining dam when
constructed. Once tailings are deposited into the facility, they displace the
water away from the dam, and over time the tailings become a controlling
factor for seepage; and the embankment core becomes a secondary seepage
control feature.
7. Casino Mine
Waste
Management



GS reviewed the optimized design concept for waste management for the
Casino Project. This optimized design will be evaluated further through the
BAT study and compared to different options. The optimized design is the
result of many studies and changes over the past 10 years.

Climate change
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In response to a question from MC, GS noted climate change will be
considered in sizing the facilities. Modelling generally shows a warming
trend; generally expect to have wetter summers, and warmer winters. The
Pacific Ocean typically has a bigger effect on this region than climate
change. A trend/scenario needs to be selected and considered in the design.
The potential implications of climate change on permafrost are very
important. There is discontinuous permafrost throughout the Casino site. In
response to CH, GS noted the plan is to excavate to bedrock for the
embankment foundations so that changes to permafrost would not affect
dam stability.

Optimized design concept
 GS noted CMC presented the proposed design to the IERP and received
comments. CMC then modified the design to take into account IERP
comments. This optimized design is what has been presented in this TWG
workshop.
 GS described how there are both NAG and PAG tailings generated
separately in the mill, with separate streams being conveyed to the TMF.
The design presumes to have a bigger NAG beach that previously assumed;
the balance of material is possible to make the beach. IN response to a
question from the group, the beach slope analysis was not conducted as part
of the optimized concept.
 GS noted the conceptual design contemplates the waste rock slopes to be
constructed at angle of repose. There is consideration for dry emplacement
and lifts for the waste rock within the TMF.
 GS committed to confirm if the PAG tailings would be thickened. (Update:
PAG tailings are thickened.)
 GS clarified the location of the operating pond in the year 11 layout. GS
acknowledged that saturation is a requirement to minimize oxidation of the
PAG tailings and reactive waste rock through post-closure. The previous
design envisioned that the entire area of waste rock and PAG tailings would
be covered with NAG tailings (3 m) and then water (>0.5 m). With the
optimized design, the concept is to have substantially less water cover in an
effort to eliminate having a large water cover in the long term.
 In response to a question about the Year 16 layout, and the elevation at
5Mm3, GS committed to review the elevation in the year 16 layout to
confirm the berm and pond capacity. (Update: Berm capacity on Upstream
Waste Rock Stockpile = 11 Mm3; Pond Capacity = 5.9 Mm3.)
Closure design
 Referring to the year 22 (closure) layout, it was noted the consolidation of
tailings and waste rock needs to be considered for the closure design. GS
noted the TMF elevation will be more or less flat at closure, but
acknowledged that consolidation of tailings will occur and affect the final
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surface topography.
Details related to a water cover at closure have not yet been confirmed. The
goal is to not have a full water cover, as previously envisioned; need to
manage both geochemical and geotechnical risks in the long-term. A level of
saturation for the waste rock and the PAG tailings will be required, but the
NAG tailings cap can exist with less saturation than the underlying
materials.
In response to a question from the group, GS noted that overburden will
only be excavated to bedrock under the dam foundations.
CH noted that closure of the mine will be an issue of critical importance in
Selkirk First Nation’s review, including closure technologies and closure
management plans. It’s also important to plan for temporary closure and/or
early closure scenarios.

Make-up water requirements
 In reference to slide 65 (make-up water requirements), GS noted the water
balance includes surface water and groundwater inputs. The graph shows
make-up water requirements based on the water balance.
Bench/field-scale testing
 GS advised no bench scale or field trials related to tailings and waste rock
consolidation have been undertaken to date. However, geochemical
sampling of barrels at the Project site has been underway since
approximately 2008.
 CMC is also undertaking field studies in relation to the constructed
wetlands.
 There are no studies planned in relation to tailings consolidation as it is
contingent upon a number of factors (e.g., grind process, grain size analysis
etc.). Industry databases with similar tailings characteristics will be
reviewed to consider consolidation timeframes and computer modeling will
be undertaken to understand tailings characteristics and consolidation over
time. Various academics are working with mining companies for field-scale
trials of co-mingling.
8. BAT Study
Overview








1

AC provided an overview of the BAT study.
BSL highlighted that although the concept of BAT is well defined by
industry documents, the definition of Best Available Practice (BAP ; Slide
68), is vague and non-specific and does not provide clear direction.
In response to BSL’s comment, it was noted there are corporate and
operational considerations for BAP and these measures are project- specific
(siting, design etc.).
Note: Contingency measures or BAP identified during the BAT study1 for
New Gold’s Blackwater project in British Columbia included: reducing risk

2015. Evaluation of Alternative Tailings Technologies for the Blackwater Mine Project.
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9. BAT Study
Methodology














10. Closing



by preventing overtopping during extreme participation and runoff events
and dewatering the TSF if an emergency situation was imminent.
AC confirmed BAP will be selected based on the preferred BAT, which is
identified after the Failure Mode Effects Analysis (FMEA).
ACTION: CMC to revise the definition of BAP for use in the study.
AC provided an overview of the BAT study methodology, which will be
discussed in more detail on Day 2, including a preliminary proposal for
TWG involvement.
Members of the TWG expressed interest to being more involved than
indicated on the figure describing the steps of the BAT Study.
Participants would like to be involved in the process of selecting the
preferred candidate, including the development of the assessment criteria.
Most of the BAT steps could benefit from TWG involvement; they would
prefer to be involved throughout rather than providing comments at the
end (at which time it is more difficult to make changes or thoroughly
consider new information).
There will be a better chance for agreement on a concept, or candidate, if the
TWG has the opportunity to provide early and proactive feedback. The
TWG ToR should reflect how they will be involved throughout the BAT
study. Participants asked that CMC consider how the TWG can be involved
in reviewing and commenting on the inputs and/or outputs of each step.
For example, the TWG would like to provide input on the threshold criteria
to identify the long list of BAT candidates, critical flaw criteria, high level
risk assessment criteria, selection of candidates to carry forward from the
high level risk assessment, and through the multiple accounts ledger (Note:
See April 12 meeting summary for further discussion related to TWG
involvement in the BAT study).
In regard to Step 1, participants questioned the number of candidates that
would comprise the “long list”, and expressed interested to consider a
variety of alternatives. For example, efforts should be made to develop
viable alternatives for different tailings technologies including dry closures.
Certain technologies should not necessarily be dismissed outright at this
step and not evaluated further.
Participants also raised the question of whether the IERP can (or should) be
involved in the BAT Study. It was noted that the IERP’s role is more related
to the review of the proposed design, rather than the assessment of
alternatives, but CMC will connect with the panel members to discuss.
AS thanked participants and reviewed the Day 2 agenda.

Summary of Actions (Day 1)
 Updated Terms of Reference to be provided by CMC.
‐ May 12 update: updated terms of reference provided with these meeting notes.
 CMC to consider Working Group’s request for IERP Terms of Reference, and IERP Report No. 1:
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‐ May 12 update: The IERP Terms of Reference will be shared with the group.
Greg Smyth to confirm if PAG tailings will be thickened, and to review the elevation in the year
16 layout to confirm the berm and pond capacity.
‐ May 12 update: confirmed that PAG tailings are thickened; Berm capacity on Upstream Waste
Rock Stockpile = 11 Mm3; Pond Capacity = 5.9 Mm3.
CMC and ERM to re-evaluate additional opportunities for Working Group to provide feedback
throughout BAT study.
‐ May 12 update: draft Engagement Plan is provided together with these meeting notes.
CMC to consider involvement of IERP in BAT study.
‐ May 12 update: Under ongoing consideration.
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Proposed Casino Mine Project
Tailings Working Group (TWG) Workshop
April 12, 2017 – 09:00 to 12:00
Waterfront Business Station, Whitehorse Yukon
Meeting Summary Notes
Participants














Mary Mioska (MM), Casino Mine Corp. (CMC)
Anna Sundby (AS), ERM
Anne Currie (AC), ERM
Julianne Madsen (JS), ERM, via teleconference
Greg Smyth (GS), Knight Piésold Ltd.
Cord Hamilton (CH), representing Selkirk First Nation
Bill Slater (BSL), representing Selkirk First Nation
Ray Sabo, representing White River First Nation
David Chambers (DC), representing Tr’ondëk Hwëch’in First Nation
Bernard LaRochelle (BS), Canadian Northern Economic Development Agency
Nathan Aasman (NA), YESAB
Erin Dowd (ED), Ministry of Energy, Mines and Resources, Yukon Government
Lauren Haney, Development Assessment Branch, Yukon Government

Materials (appended):



DAY 2 Casino Project_BAT Study Workshop Presentation
TWG Workshop Agenda (April 11-12, 2017)

Agenda Item

Discussion

1. Welcome




AS welcomed meeting participants.
This session focuses on the nine-steps of the BAT study, including additional
opportunities for TWG involvement (as some TWG participants expressed
interest in being engaged throughout the BAT study).

2. BAT Study:
Step by Step



AC/GS jointly presented the BAT study methodology.

Step 1: Identify BAT Candidates
 AC noted the threshold criteria to inform the identification of potential tailings
and waste rock sites have not yet been defined.
 Previous alternatives assessment defined the following threshold criteria:
‐ Sites must be within 20 km radial distance from the deposit area; and
‐ Sites must have sufficient capacity for tailings and waste rock volumes
generated by the project.
‐ An additional criterion specified that only conventional tailings slurry
deposition was considered; however, CMC noted that this will not be a
factor in the BAT study.
 CH recommended the TWG should have an opportunity to review and
comment on the draft threshold criteria. The TWG should also review the
long-list of BAT candidates as well as the criteria for the critical flaw
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assessment.
With respect to Step 1, the TWG recommended the BAT candidates include
dry closures with different tailings technologies. These candidates need to be
carried into the evaluation.

Step 2: Critical Flaw Assessment
 The TWG noted the importance of including safety as one of the critical flaw
assessment criteria. Potential failure consequences on humans and
environment are important considerations. Evaluation of safety (and other)
risks are a key part of the high-level risk assessment in Step 3, but there may
also be safety questions that could be critical flaws.
 There was discussion about including sterilization of mineral resources as one
of the critical flaw assessment criteria, as suggested by the EC Guidelines
(2011). Candidates sterilizing mineral resources would be scoped out of the
assessment if this criteria is included. GS noted there is likely to be some
sterilization due to backfill of the open pit. TWG participants recommended
this not be included as one of the fatal flaw criteria. However, GS noted that
the rationale is that the Crown would not want mineral resources to be
sterilized (inaccessible) as they are a resource for everyone.
 With regard to storage capacity, MM noted it is interested in tailings
management systems, including potential use of multiple facilities as part of a
candidate.
 As for the threshold criteria in Step 1, participants expressed an interest in
developing the list of yes-no questions used in the critical flaw assessment,
and reviewing the results of this assessment.
Step 3: High Level Risk Assessment
 The TWG agreed technical execution, environment, and safety are appropriate
categories for the high level risk assessment (HLRA).
 CH suggested operational and closure risk be considered, including ability to
adapt to early closure. Risks associated with closure would be sufficient to
screen out a candidate.
 GS noted the HLRA would be based on a high level of understanding of each
candidate. Further characterization will be done for the ‘short-list’ of
candidates chosen to move forward to Step 4.
 Participants suggested there should be different consequence categories for
each of the categories (i.e., consequence will be measured differently for safety,
technical execution and environment).
 GS commented the BAT study will focus on operations and closure. The TWG
had no objections to this approach.
 The final step of the HLRA is determining which of the “lower risk”
candidates will move forward to the next step. The TWG commented that they
would like to be involved in this decision.
 Participants also suggested that CMC could provide the HLRA inputs
10



(including proposed definitions for likelihood and consequence) for review
and comment in advance of conducting the risk assessment.
A workshop was suggested as a way to collaboratively conduct the HLRA;
background information could be compiled and entered by CMC, and the
TWG could participate in assigning the ratings of consequence and likelihood,
and choosing which of the lower-risk candidates move forward to the next
steps.

Step 4: Characterize Candidates
 CH and BSL suggested that characterization criteria should include (a)
adaptability to early closure, and (b) closure success.
Step 5A: Multiple accounts ledger
 AC confirmed the scoring scales for the multiple account analysis have not yet
been defined. The EC guidelines recommend even number scales so that the
“middle” is not an option.
 Scale to be used will be confirmed and reviewed with the TWG, but
participants generally felt the six-point scale (shown on Slide 25) is reasonable.
 TWG proposed involvement in developing the indicator scales for each
indicator. It would be most efficient for CMC to populate the table and
circulate for review and comment.
 In addition to reviewing the basic scales, the determination of where each
candidate is on each scale may also be up for discussion. Some may be very
straightforward (e.g., very quantitative scales) but the qualitative scales may
be subject to debate. Again, CMC can populate the table and circulate for
review, and further discussion (online or in person) can focus on specific
issues.
Step 5B: Valued-based decision process
 Discussion included the influence of the weightings on the final scores for each
candidate. Participants noted that, in previous examples (from other projects),
it was difficult to see how the weighting was considered in the resulting merit
ratings.
 CMC noted that the EC Guidelines provide a formula to calculate the final
scores. In effect, weightings are applied to each group of indicators, subaccounts and accounts, progressively ‘rolling up’ each subset based on the
scores and weightings. If two indicators have the same score, but their subaccounts have different weightings, their overall influence on the result will be
different.
 Participants suggested that it may be useful to see the basic, ‘no-weightings’
merit ratings after the ledger is initially developed. ERM noted that this is also
generally part of the sensitivity analysis (Step 5C), where all criteria are given
the same weight.
 The TWG would like the opportunity to discuss scoring and weighting.
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Through discussion, the parties can hopefully come to a consensus. There
would be value in sitting down and discussing the scores for each of the
accounts.
There will be different opinions on weightings. If weightings by a stakeholder
agree with the weightings that CMCs uses, there is no issue. But some
stakeholders may want to use different weights for some or all accounts/subaccounts/indicators.
ERM noted that other projects have provided First Nations with the
opportunity to develop their own weightings, which would also be used to
calculate weighted merit ratings for the comparison. Some proponents have
also deferred all criteria related to Aboriginal interests and traditional land use
to be weighted by First Nations.
DC suggested that it would be useful to provide the MAA spreadsheet (with
calculation capability) to interested participants so that they can adjust
weightings and see how the results change.

Step 5C: Sensitivity Analysis; and 5D: Selection of Preferred Candidate







The sensitivity analysis can incorporate the TWG’s weighting scenarios to
compare against CMC’s results.
Participants questioned whether more than one candidate could be carried
forward to the FMEA in Step 6. Although this is not conventionally done, it
may be something to consider if there are two candidates with similar merit
ratings. CMC noted that this was not out of the question, although a decision
would ultimately need to be made (e.g. following further study in the FMEA).
The TWG expressed interest to provide input into the list of scenarios
considered in the sensitivity analysis, as well as the selection of the preferred
BAT candidate(s).
Participants recommended a workshop to review the results of the valuebased decision process and sensitivity analysis, compare and contrast the
candidates, and select one (or more) candidate to move forward.

Step 6: Failure Modes Effects Analysis
 The TWG discussed the possibility of considering more than one option in
FMEA step.
 Participants supported the concept of doing an FMEA and considered this a
reasonable step to optimize the preferred candidate. Potential involvement of
the TWG in the FMEA and later steps was deferred until earlier steps have
been completed.
Proposed engagement with TWG
 Based on discussion during the workshop, CMC will seek input from the TWG
throughout the BAT study. CMC and ERM will draft an engagement plan that
describes how and when engagement will occur, based on the comments from
the workshop.
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Participants agreed that there could be different forms of engagement for
different steps (e.g., email, teleconference, workshop).
First Nations representatives (BSL, CH, DC and RS) re-affirmed their
preference to be involved and engaged throughout the BAT study, providing
feedback on inputs and outputs along the way. Government participants may
not desire the same degree of involvement, and will determine when and
where they focus their efforts.
It was agreed the TWG would not provide comments on the handout
(provided prior to the meeting) describing the BAT study methodology. CMC
and ERM will update the methodology based on the discussion from the
workshop.
Overall, all participants were in agreement that it is best to keep the process
moving, provide information and feedback in small portions, and focus on the
immediate tasks (rather than later steps).
BSL suggested that it would be useful to establish a SharePoint site to store
and share information related to the BAT study. CMC agreed this was a good
idea, and will investigate.

Summary of Actions (Day 2)
 CMC committed to develop an engagement plan to identify TWG involvement in the BAT study,
including anticipated timing and methods (e.g., email, teleconference, workshop).
‐ May 12 update: draft Engagement Plan provided with these meeting notes.
 CMC to target organizing a teleconference in the near future.
‐ May 12 update: Date and time TBD
 CMC and ERM committed to establish a SharePoint site for the TWG.
‐ May 12 update: Ongoing
 CMC will distribute slides and meeting notes from the workshop.
‐ May 12 update: Presentation slides are appended to these meeting notes.
 CMC will circulate a draft TWG terms of reference based on the workshop discussion and any
additional comments that may be received.
‐ May 12 update: Updated terms of reference provided with these meeting notes.
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Proposed Casino Mine Project
Tailings Working Group (TWG) Webex
October 10, 2017 – 10:00 to 11:15
Meeting Summary Notes
*Please note that these meeting notes provide a summary of the discussion; however, these are not detailed minutes of the
workshop. While we have endeavored to document the main points, some discussion items may not be included.

Participants
•
•
•
•
•
•
•
•
•

Mary Mioska (MM), Casino Mine Corp. (CMC)
Anna Sundby (AS), ERM
Anne Currie (AC), ERM
Julianne Madsen (JM), ERM
Greg Smyth (GS), Knight Piésold Ltd.
Cord Hamilton (CH), representing Selkirk First Nation
Bill Slater (BS), representing Selkirk First Nation
David Chambers (DC), representing Tr’ondëk Hwëch’in First Nation
Kirsten Scott (KS), representing Tr’ondëk Hwëch’in First Nation

Reference Documents:
•
•

PowerPoint presentation: Casino BAT Study_Oct 10 Webex Slides.pdf
Report: Long List and Critical Flaw Assessment_22Sept2017.pdf

Topic
Step 1 – Conceptual
Configurations:
Subaerial waste rock
storage

Step 1 – Conceptual
Configurations:
Distributed tailings
storage options
(multiple sites)

Step 1 – Conceptual
Configurations:

Discussion
CH commented that there were no options presented for dry (sub-aerial) storage of
waste rock.
• GS replied that based on Lorax’s recommendations, waste rock for the Casino
project should be stored in a subaqueous facility for prevention of metal
leaching and acid rock drainage (ML/ARD), therefore subaerial
configurations were not considered for waste rock.
CH inquired whether options incorporating multiple sites were considered, such as
multiple valleys with mine waste storage in the upper reaches as opposed to the
lower valley areas. This would provide waste storage spread across numerous
smaller sites rather than one large site. There are some obvious drawbacks to this
option but he would like to see it considered.
• GS replied that the long-list of candidates did not include multiple sites as an
option, and chose to keep footprints as small as possible.
• CH indicated that it may be advantageous for consequence of failure, as it
would reduce the size of any given facility. Thus, it would be good to
consider a distributed storage concept. It may not be the best option but it
would be good to include it and compare the advantages and disadvantages.
• Action: ERM, KP and CMC will discuss this idea and provide an update at
the forthcoming HLRA workshop (October 18-19, 2017).
DC questioned the assumption that PAG tailings are best stored sub-aqueously,
citing comments from the Mount Polley Investigation report (Section 9.3.3) which

1

Mount Polley
panel’s statements
considering physical
stability over
geochemical
management

indicate the Mount Polley panel’s consideration that physical stability should be
considered more important than long-term geochemical management.
• This discussion called into question the screening criterion of “Will the
candidate exclude the application of best available technology for
management of metal leaching and acid rock drainage?” which indicates a
preference for subaqueous storage of PAG and metal leaching materials.
• DC and others agreed that this topic would be better discussed in-person at
the forthcoming HLRA workshop.
• Action: AS will add to the agenda for the first day of the workshop.

Step 1 – Threshold
Criteria (Site
Characteristics):
Elimination of paste
tailings technology
(and associated
candidates) on the
basis of climatic
conditions

GS discussed how paste tailings would not remain as paste given the climatic
conditions for Casino, and would increase in water content, and thereby not meet
intended design.
• CH questioned whether the area’s precipitation levels are enough to warrant
the elimination of paste tailings technology from the study. CH stated a
preference to explore all options with less water, and would like to see
additional rationale for removal of paste technology. It seems premature to
eliminate paste alternatives entirely, at least not without a stronger
argument.
• DC indicated that a similar argument could potentially be applied to filtered
candidates, yet filtered candidates were not eliminated at this stage.
• GS commented that additional rationale for paste tailings removal could be
provided. GS agreed that precipitation is also a factor with filtered tailings,
but keeping filtered tailings at intended water content is less complex than
keeping paste tailings as paste.
• Action: Further discussion (including rationale and context for elimination of
paste technology at the threshold stage) will be included in the forthcoming
HLRA workshop.
CH noted that a segment of Canadian Creek will flow to the pit once developed, and
will become an orphaned catchment of Canadian Creek. CH questioned whether
this orphaned catchment should be considered for mine waste storage.
• GS confirmed the future existence of the orphaned catchment and indicated
that it has a low storage volume; however, it could potentially be utilized in
some manner. For example, it could be used for placement of the heap leach
facility or other facilities.
• Action: GS indicated that he would look at the storage capacity at this
location and evaluate potential to use it for mine waste storage. An update on
this topic will be provided at the forthcoming HLRA workshop.
CH disagreed with removal of filtered PAG options at the critical flaw stage,
suggesting that such a facility could be retained if a wet cover was proposed for
closure. The rationale is that a wet closure of a filtered pile is geochemically
preferable to a dry cover, and failure of a wet closure to a dry stack would not result
in the same remobilization that would be expected for wet closure of a slurry tailings

Step 2 – Critical
Flaws:
Mine waste storage
options for
orphaned segment
of Canadian Creek
which will flow to
the open pit once
developed
Step 2 – Critical
Flaws:
Removal of filtered
PAG candidates at
the critical flaw

2

stage

Remaining
Candidates:
Potential phased
development of pit
to allow for in-pit
waste rock disposal
Preparing for
HRLA Workshop:
Attendance

facility; CH suggested that this approach would improve resilience.
• GS commented that such an option (i.e., filtered stack with dry closure)
would require a standalone water containing structure with a water cover
and spillway, but as the tailings themselves have less water, there may be
advantages over wet closure of a slurry tailings facility.
• CH indicated that he considered wet closure as the best option for PAG
material, and commented that DC would prefer dry closure.
• CH indicated that filtered tailings with a wet closure is a suitable option to
carry past the critical flaw stage, and that it is too early to remove filtered
PAG tailings at the critical flaw stage.
• Action: ERM, KP and CMC will discuss this idea and provide an update at
the forthcoming HLRA workshop.
CH inquired about the possibility of mine sequencing which could allow for in-pit
disposal of some waste rock.
• Action: GS will check with the mine development team to determine what
possibilities could exist for in-pit waste rock disposal in the mine plan. An
update will be provided at the forthcoming HLRA workshop.
BS asked if it will be possible to dial into the HLRA workshop. He cannot attend in
person but may be able to join remotely.
• AS will ensure that a WebEx is available for those who cannot join the
meeting in Whitehorse.
• DC and CH confirmed they will join the workshop in person.

Summary of Actions
KP, CMC, and ERM will review and consider the following topics and provide updates at the HLRA
workshop, scheduled for October 17 and 18 in Whitehorse:
• Potential to use a combination of multiple, smaller (up-valley) sites and implications for the remainder
of the study.
• Discussion of PAG tailings storage options, including recommendations of Mt Polley panel report for
physical versus geochemical stability.
• Additional rationale for eliminating paste tailings based on climate considerations.
• Potential storage capacity of the future orphaned catchment area of Canadian Creek, and possible use
for mine waste storage.
• Potential storage of PAG tailings as filtered pile, with a wet closure cover.
• Potential for mine sequencing and in-pit waste rock storage.
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Proposed Casino Mine Project
Tailings Working Group (TWG) Workshop
October 18-19, 2017
Meeting Summary Notes
*Please note that these meeting notes provide a summary of the discussion; however, these are not detailed minutes of the workshop. While
we have endeavored to document the main points, some discussion items may not be included.

Selkirk First Nation
• Cord Hamilton (CH)
• Leslie Gomm (LG)
• Bill Slater (BS) – by phone, Day 1 only
Tr’ondëk Hwëch’in First Nation
• David Chambers (DC)
• Kirsten Scott (KS)
Provincial and Federal Governments
• Nathan Aasman (NA), YESAB
• Bernard LaRochelle (BL), Canadian Northern
Economic Development Agency
• Paul Christman, Yukon Government, Department
of Energy, Mines and Resources

Participants
Casino Mine Corp. (CMC)
• Mary Mioska (MM)
• Cam Brown (CB) – by phone, Day 1 only
Environmental Resource Management (ERM)
• Anna Sundby (AS)
• Anne Currie (AC)
• Julianne Madsen (JM) – by phone
Knight Piésold (KP)
• Greg Smyth (GS)

Reference Documents:
•
•
•

PowerPoint presentation: HLRA Workshop Slides_Day 1 and 2.pdf
Document: Long List and Critical Flaw Assessment_22Sept2017.pdf
Document: TWG WebEx_10Oct2017_meeting notes.pdf

Key Terms and Abbreviations
Best Available Technology (BAT)

Potentially Acid Generating (PAG)

Acid Rock Drainage (ARD)

High-Level Risk Assessment (HLRA)

Non-Acid Generating (NAG)

Metal Leaching (ML)

Executive Summary
The objective of the second TWG workshop was to narrow down the existing list of 21 candidates remaining after
the critical flaw assessment, thereby selecting the candidates that will be investigated in further detail through the
multiple accounts analysis. A high-level risk assessment (HLRA) was proposed as a way to compare and
eliminate higher risk candidates. However, in discussion with the working group, more information was
requested in order to differentiate the candidates and more accurately consider the risks associated with each one.
Based on a high level comparison of locations, the Upper Casino site was eliminated as it offered no advantage,
and numerous disadvantages, compared to Middle Casino and Lower Casino sites. The Upper Dip Creek location
was reinstated following review of the critical flaw assessment to be considered for a potential Multiple Sites
option, but it was ultimately eliminated on the basis that it offered no clear advantage compared to the Lower
Casino site, and would unnecessarily impact a new catchment area. In regard to the configurations, type B was
eliminated as it offered no advantage over the other configuration types. Candidate MC-2 was also eliminated
due to space constraints.
The workshop also provided an opportunity for follow-up discussion related to the elimination of candidates
involving filtered PAG tailings, and a supplementary memorandum will be developed to provide the
geochemical information to support this conclusion.
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Candidates remaining at the end of the workshop include: LC-2, MC-14, LC-14, MC-25, LC-25, MC-28, LC-28,
MC-34, and LC-34, and potentially multiple sites/distributed storage candidates to be developed (DS-2, DS-14,
DS-25, DS-28, DS-34, and DS-37).
To support further evaluation and comparison of the remaining candidates, KP will develop a technical memo
describing a multiple sites option(s) in the Casino Creek catchment, as well as a NAG filtered tailings option with
additional detail, and descriptions and maps for each of the other remaining candidates. The risk assessment
approach will also be adjusted to ensure that the differences between candidates are appropriately distinguished.
DAY 1 – October 18, 2017
Topic

Discussion

Introduction

•
•
•
•

MM welcomed participants and provided a safety moment.
Roundtable introductions
Review of workshop objectives and agenda.
AS provided overview of Steps 1 and 2 of the BAT study, as detailed in the most recent
document (Identification of BAT Candidates and Critical Flaw Assessment) and discussed
in the WebEx meeting on October 10, 2017.

Follow-up from
WebEx

•

The group was referred to the notes from the WebEx on October 10, 2017, and the list of
topics for follow-up discussion.

Distributed
storage
(multiple
sites/catchmen
ts)
Slides 15-16

•
•

GS reviewed potential options for storing mine waste in multiple catchment areas.
CH suggested that ‘multiple sites’ or ‘distributed storage’ options could consider smaller
catchments with numerous smaller facilities. For example, the Brynelson catchment. We do
not necessarily need to store all PAG, or all NAG, etc., in one location but can consider a
candidate that utilizes 5 or 6 smaller sites. There are economic and incremental risks to
managing multiple sites, but there may also be benefits (e.g. lower dam height) and these
options should be evaluated under the same process as the other candidates. Overall,
would like to see other opportunities for distributed storage, beyond what has been
presented so far.
CH confirmed that he is not interested in candidates that flow towards the Yukon River.

•
Dam height
and safety

•

•

•
Backfilling

•

DC and CH noted that dam height is correlated with safety, so it will be necessary to
consider dam heights. Multiple sites could have benefits of lowering the height of any
single embankment. Perhaps considering a maximum dam height could be an approach to
identify suitable sites for a ‘distributed storage’ option.
CH was interested in the relationship between embankment height and storage volumes in
regard to placement with a catchment. CH referred to a risk concept proposed by Andy
Roberston (Robertson GeoConsultants) wherein Andy purported that consequence is
roughly proportional to the volume of mine waste stored, and likelihood is roughly
equivalent to dam height.
GS agreed to look at other areas within the Casino Creek catchment for a distributed
storage option, with consideration to embankment heights and storage volumes.
In response to questions, GS confirmed that all waste rock is either ML or PAG, and that
there will be “a lot” of water in the pit after closure (in the order of 80 to 90 years to fill the
pit).
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Isolated
Canadian
Creek
catchment
Slide 17
Upper Dip
Creek

•

CH noted that if more waste is stored in the pit, there will be less time to fill the pit.

•

DC commented that if PAG tailings were stored in the isolated Canadian Creek area, a
failure into the pit may stop the solids, but could displace water in the pit and cause a
flood wave. CH agreed but noted that if non-flowable tailings were stored, this risk would
be reduced.

•

DC and CH commented that the elimination of the Upper Dip Creek site in the critical flaw
assessment (due to the presence of an active placer mining operation) is questionable, as
the placer operator could be compensated. Thus, this isn’t really a critical flaw.
Following discussion, the participants agreed that Upper Dip Creek site should pass the
critical flaw assessment and remain a valid site for consideration.

•
Filtered PAG
with wet
closure
Slide 25

•

•

•

•

Sequenced
mine
development
Slide 28

•

•
•

•
•
Structural vs.
geochemical
considerations
Slide 29

•

GS explained the rationale behind the elimination of configurations B, C, and D in regard
to the possible wet closure of filtered PAG tailings. CH agreed that PAG material requires
more robust management, and that co-mingling waste rock with PAG tailings would
reduce the benefits of filtered PAG tailings.
CH asked how long it would take for compacted, filtered PAG product to become acid
generating, considering an exposed surface and limited oxygen. The Raglan mine is using
filtered PAG at a northern site; what experience have they had?
GS noted that there is a high sulphide content which will lead to oxidation very quickly. It
is also important to consider that the mill will be segregating sulphides from the NAG
tailings stream and preferentially directing them to the PAG tailings stream.
GS committed to working with the geochemist (Lorax) to calculate the timeframe for
onset of ARD and provide additional technical detail to support the elimination of
filtered PAG tailings as a viable technology for the Casino Project.
CH commented that there seems to be one part of the pit that is significantly lower than
the rest, and could this be optimized to develop that area earlier so it can be used for
storage. It is important to focus on the current mine plan rather than future mine
expansion opportunities.
GS noted that this would be nearer to the end of mine life, but anything to utilize the pit
for storage would have both environmental and economic benefits.
The participants considered whether this issue could be useful for optimization later
(across all potential candidates), or if it would fundamentally affect the selection of
candidates at this time. CH and LG noted that the answer would depend on the volume
that could potentially be stored.
CH commented that there is a hole in the process if they cannot calculate the potential
volume that could be backfilled if the pit development was sequenced differently.
GS committed to reviewing mine plan (last five years of mining) and calculating the
volume that could be backfilled and implications for dam height and stored volumes.
DC reviewed the recommendations of the Mt Polley Expert Panel report, which stated that
physical stability should be the primary design consideration, and should be considered
separate to cost. Overall, need to look at what poses the greatest risk to society. Over the
past several decades, ARD became the focus as the greatest risk, but since Mt Polley this
focus has shifted to physical stability. Thus, consideration to what the geochemical risk is
must be placed in the context of physical stability.
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•

•

•
•

•
•
•

•

•

DC commented that, in his view, stability is the primary concern, and this drives the need
for a dry closure. However, dry closure does not mean dry tailings. Drained tailings
storage facilities must also be considered, and he would like to see more of this.
DC noted that the only reason to use an upstream or centre-line dam design is to save
money. PC added that for centreline dam construction, footprint and storage capacity are
also important engineering considerations.
GS provided excerpts from a past conference presentation (Mine Waste Management: the
Balancing Act between Geochemistry & Geotechnical Design)
DC noted that he largely agrees with the interpretation provided by GS, but would like to
consider both geotechnical and geochemical factors in this BAT study. Safety needs to be
paramount.
Concern about closure issues associated with dam failures is not diminishing. Based on
DC’s research, more dams are failing. Safety cannot be ignored.
DC would like to see a drained option; this is not new technology but something that
achieves both structural and geochemical stability.
GS referred to the preliminary closure concepts, and numbers of water retaining
impoundments during operation/closure, as provided in Tables 4-1 and 4-4 respectively
(Identification of BAT Candidates and Critical Flaw Assessment).
In responding to the comments from DC about wanting to see a drained concept, GS
mentioned that the ESE Guidelines specifically require CMC to consider a drained concept
in the Middle Casino Creek site as part of the BAT study. NA responded noting that it may
be possible for CMC to vary the approach subject to discussion with YESAB in this regard,
or on other matters as well.
CH asked how it is that configuration 25 can have zero water-retaining structures at
closure (in regard to Table 4-4). GS clarified, with reference to CMC’s optimized design,
that this involves a dry closure using a NAG tailings cover, maintaining saturated or
partially saturated conditions post closure for the underlying PAG tailings and waste rock.

Elimination of
paste
technology
Slide 31

•
•
•

GS described the challenges associated with paste tailings in the Yukon environment.
PS commented that the operational challenges of paste tailings cannot be overstated.
DC and CH agreed that they did not see advantage to paste technology relative to other
options, from structural or geochemical perspectives. The broader group supported this
conclusion.

HLRA
overview

•

AS reviewed the objectives of the HLRA (Step 3 of the BAT Study). The HLRA is included
as a tool to narrow down the list of candidates prior to more detailed investigation in the
multiple accounts analysis (Step 4).
LG asked if the new ‘multiple sites’ candidates were included in the worksheet. AS
clarified that they were not included in the version sent to the working group in advance,
but they are included in the working version at the workshop.
The group agreed to include the Upper Dip Creek candidates in the discussion, following
the earlier decision to not eliminate this location in the critical flaw assessment.

•

•
Risk
assessment
definitions

•
•

The working definitions of ‘likelihood’ and ‘consequence’ are provided in Tables 4-1 and 42 of Identification of BAT Candidates and Critical Flaw Assessment.
BS asked how the ‘safety’ hazard scores were considered for candidates with multiple
impoundments. AS noted that they would likely be added, to reflect the added level of risk
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•

•

•

Revised
approach

•

•

•

•

Comparison:
Casino
catchment

•

•

•

•

•

associated with managing multiple impoundments, but that this was open to discussion.
BS noted that the consequence definitions considered both ‘cost’ and ‘production delay’
and questioned whether this double-counted the same issue. AS clarified that these are two
different aspects, as ‘cost’ focused on restoration/reconstruction rather than lost
production time due to temporary shut-down (for example).
BS asked where the ratings came from; for example, how was it decided that cost of over
$100M would be ‘catastrophic’? This does not seem to consider the post-closure period,
when a smaller cost may still be catastrophic for the Yukon government to finance after the
proponent has returned the site to the Territory.
GS noted that the descriptive ratings were developed based on past risk assessments,
industry guidance, and considering the scale of the Casino Project. For example, a dam
failure could easily require $100M to restore the receiving environment, regardless of
rebuilding costs. However, they only looked at the proponent’s costs, and did not consider
the possibility of costs to other parties (such as Yukon government).
CH noted that—at this stage—the objective is to determine the relative risk of the various
candidates. Other than the base case (i.e., CMC’s optimized design), there is not a lot of
information about the various candidates. It may be premature to look at costs.
CH suggested that it may be more advantageous, at this stage, to consider whether options
offer particular advantages or disadvantages. CH also noted that this process should not
compromise or bias any more fulsome risk assessments at a later stage of the BAT study,
when more information is available.
Therefore, the participants agreed to consider the sites and configurations relative to each
other, and see whether certain options could be discarded based on the relative
comparison.
LG questioned if each of the 7 remaining configurations would target the same objectives
for geochemical performance. GS confirmed that they were designed (in concept) to
perform similarly, so safety and technical execution risks are the focus.
Slide 22 was used to compare relative dam heights, footprints, and catchment areas for
Upper, Lower, and Middle Casino Creek sites. Following the re-introduction of Upper Dip
Creek, this site was also considered alongside the Casino Creek sites, as well as the yet-tobe-defined multiple sites.
Comparing the three locations in the Casino catchment, the group agreed that there was no
discernable advantage to Upper Casino Creek compared to the Middle Casino Creek site,
although it did have a number of disadvantages (including higher dam, less expansion
potential).
In terms of failure consequences, Upper Casino and Middle Casino would likely be similar
in terms of how far material would travel; Lower Casino could be better or worse
depending on whether it is a sunny-day or rainy-day scenario (i.e., larger reporting
catchment means greater inflow design flood (IDF), and therefore more energy, during a
storm event).
In the Casino Creek valley, there is generally more overburden in lower levels of the valley
compared to the upper elevations. Thus, it is reasonable to assume that there would be
greater construction challenges for a starter facility in the Lower Casino Creek site.
The group considered potential advantages associated with the Upper Casino location. It
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•

•

Comparison:
Upper Dip
catchment

•
•

•

•

•

•

Summary of
comparison

•
•
•

Multiple sites

•
•

would have a slightly smaller upstream catchment, therefore lower IDF, but it would also
require a much higher dam. Referencing the prior discussion relating likelihood of failure
to dam height, and consequence of failure to storage volume, the group noted that Upper
Casino would have a greater dam height and the same storage volume when compared to
Middle or Lower Casino sites.
CH commented that he saw no strong advantage to Upper Casino, noting that considering
a dam with a greater height than the Middle Casino site didn’t seem reasonable. However,
a smaller site in the Upper Casino catchment could be conceived as part of a multiple sites
/distributed storage option.
On the basis of this discussion, the participants agreed that the Upper Casino location (and
associated candidates, as described in Identification of BAT Candidates and Critical Flaw
Assessment) should be eliminated from the BAT study.
In the Dip Creek valley, challenging permafrost conditions were noted.
A conceptual candidate in Upper Dip Creek would have a dam height of 144 m, 15 km2
footprint, and 93 km2 upstream catchment. Compared to Lower Casino Creek (another
“down-valley” location), this is a smaller dam, and larger catchment area. It also
incorporates a new catchment that would not otherwise be affected by the project, and is
further away from the pit, leading to increased risks of transporting tailings and waste rock
further distances.
Thus, compared to Lower Casino, Upper Dip only offers the benefit of a modestly lower
dam height (approximately 40 m less). But it would require a longer transport distance for
pipeline, trucking and/or conveyor.
The Dip Creek watershed would also have different values for fish habitat and other
environmental factors. Based on the available maps and participants’ knowledge, Dip
Creek likely has higher value for fish habitat and wetlands.
CH noted that, when comparing Lower Casino and Upper Dip, the latter did not make
much sense. The benefit of having a slightly lower dam was outweighed by many other
negative aspects.
Participants agreed that the Upper Dip location (and associated candidates, as described in
Identification of BAT Candidates and Critical Flaw Assessment) should be eliminated from the
BAT study.
Participants agreed to eliminate the Upper Casino and Upper Dip locations as the
disadvantages clearly outweighed the advantages for these locations.
The group agreed that Upper Casino and Upper Dip may present viable candidates in
terms of multiple site (distributed storage) options.
The group agreed that the remaining locations—Lower Casino, Middle Casino, and a
potential multiple sites option—represented the best-case alternatives for a lower valley
site (Lower Casino), upper valley site (Middle Casino), and distributed storage (multiple
sites, to be further developed).
GS committed to developing a plausible distributed storage/multiple sites candidate in
further detail, in accordance with the group’s earlier discussion.
GS will look at possible ways to manage waste over 5 or 6 separate sites, considering a
maximum dam height (e.g. 100 m) and smaller catchment areas. The multiple sites option
will be focused in the Casino Creek catchment, to avoid unnecessary impacts on other
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•

•

Filtered tailings

•

•

•

•

Configurations:
separate
storage

•

•

Configurations:
comparison

•

•
•

catchments (e.g. Dip Creek). Possible use of the isolated Canadian Creek catchment and/or
backfilling in the pit, will also be incorporated where practical.
CH clarified that the working group is looking for a plausible multiple sites candidate to
consider in the BAT process. It should look different than the existing candidates. It can be
optimized later if it makes it through to the next step. It may not be the best alternative, but
it should be subject to the same rigour as the other candidates.
DC noted that dry closure would continue to be an important consideration for any
multiple site option, and questioned if this would be possible for a multiple sites option;
i.e., it would be harder to maintain the necessary saturation in a smaller facility, to allow
for dry closure. CH noted that, in the context of the Casino project, ‘smaller’ is still quite
large.
CH commented that another benefit of a distributed candidate would be to utilize multiple
technologies, for example to treat a portion of the tailings stream as filtered tailings. This
could have benefits for costs, material, seasonal variation, etc. CH asked if any work had
been done to consider filtered tailings.
GS replied that they would need to see what could be filtered, and then determine how it
would be transported (e.g. will the material stay on a conveyor). CH noted that filtered
tailings were used at the Minto Mine in the Yukon, though GS noted that he believed that
they transported tailings by truck and that would not be feasible at the scale of the Casino
project.
GS noted that there are seasonal constraints to consider; namely, placement of filtered
tailings will be limited by winter conditions, when temperatures are below a certain
temperature. CH noted that any candidate to be considered in the study needs to be
plausible.
GS noted that there are also issues of scale-ability, and risks associated with a technology
never having been applied at such a scale before. But these issues will be explored in more
detail later in the process.
Regarding the five “configuration types” (A through E), GS explained that ‘separate
storage’ meant that materials were physically separated either in different facilities or
partitioned within a facility using an independent material (e.g. cyclone sand or borrow
material). There is a confining embankment of some form.
GS explained that non-separated configurations could also partition materials by using the
waste materials themselves. For example, the optimized design uses Configuration C and
partitions NAG, PAG and waste rock using these materials, rather than standalone
partitions.
CH noted that there appears to be an advantage to comingling waste rock with NAG
and/or PAG. Thus, is there any advantage to Configuration A? GS agreed that that there
are advantages to managing waste rock and PAG together as they have the same
management strategy regarding prevention of ARD.
CH noted that, given the effort to segregate NAG and PAG streams (depyritizing NAG for
cycloning), there would be no benefit to comingling them.
Configuration B was noted to have NAG and PAG comingled, but this would still be
flowable as waste rock was stored separately. Therefore, B offers no benefit over A, and
provides less robust tailings management.

7

•
•
•

•
•

•

•

•

Filtered PAG
with wet
closure

•

•
•
Documentation
of discussion

•

•

Configuration D allows for the downstream environment to be protected from PAG, in
case of dam failure, unlike the B configuration.
Overall, Configurations C and D provide integrated mitigation containing PAG tailings in
case of dam failure; Configurations A, B and E do not.
BS noted that relative volumes are also important. If tailings and waste rock are comingled,
Configuration B requires storage of 700 Mm3 material, while Configuration D requires 460
Mm3 storage; the waste rock volume is substantially greater than the NAG tailings.
Configuration B also has the potential for two impoundments with ARD, whilst
Configuration D limits ARD to one impoundment.
Thus, Configuration B represents significantly higher risk than Configuration D. BS noted
that if pros and cons were balanced between Configurations B and D, it would make sense
to take them both forward; but all cons are associated with Configuration B. Thus, all
participants agreed that Configuration B offers no advantages, and numerous
disadvantages, and should be eliminated from the study moving forward.
Configuration A was also determined to have numerous disadvantages, including two
impoundments with ARD potential, separate embankments for each material, and an
inability to use the waste materials to manage each other. An advantage may be that
management could be tailored to the specific needs of each material; also, while there are
three separate embankments, the consequence of any one embankment failure would be
diminished. However, there would also be no feasible dry closure option.
Regarding Configuration E, PAG tailings are unprotected. DC suggested that PAG could
be stored in a lined impoundment with robust treatment of PAG on its own, but the
feasibility of storing 140 Mm3 PAG in a lined impoundment was questioned.
Based on the above discussion, participants agreed to eliminate Configuration B. However,
despite the disadvantages associated with some other configurations, the participants
agreed that they should be investigated further before a decision to eliminate further
configurations is made.
CH, DC and GS discussed how wet closure would affect water content of filtered tailings.
DC commented that stability of tailings would not be certain if re-saturated, and noted that
a similar objective could be achieved through thickened tailings in a drained facility. CH
commented that an advantage of filtered tailings would be a smaller initial footprint.
CH requested more information about the geochemical characteristics of filtered tailings
for the project.
GS committed to providing a geochemical summary to better understand ARD potential
specific to Casino project PAG tailings.
The participants agreed that the above discussion, and decision to eliminate selected
sites/configurations, was useful. Even though it did not follow the anticipated HLRA
process, the discussion of locations and configurations in comparison to one another
allowed the group to identify clear advantages and disadvantages.
ERM and CMC will ensure that the discussion and outcomes are clearly documented and
incorporated into the ultimate BAT Study Report.
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DAY 2– October 19, 2017
Topic

Discussion

Recap of Day 1

•

GS provided a recap of the previous day, reviewing the sites and configurations that were
eliminated based on the previous day’s discussion. Remaining for discussion are the Lower
Casino and Middle Casino locations, and configurations A, C, D, and E, plus a multiple
sites/distributed storage candidate to be developed.

Cyclone sand
and slurry
production

•

CH asked for clarification on the production and use of cyclone sand. NAG tailings will be
cycloned, and sand will be removed. However, the overflow (non-sand portion) will be
slurry. Will this overflow slurry be re-thickened, or will it be deposited as conventional
(unthickened) slurry)?
GS confirmed that the overflow will be conventional slurry, comprising the finer (nonsand) fraction of NAG tailings. Cycloning will only be done for 9 months of the year; for
the remainder of the year, NAG tailings will remain thickened.
CH commented that this meant that NAG will be primarily conventional slurry, rather
than thickened slurry. GS noted that this will vary seasonally, and as the deposition rises.
Given that the NAG tailings deposited within the facility will have a combination of
unthickened overflow (for 9 months) as well as the full tailings stream as thickened tailings
(for 3 months), the solids content of the tailings mass will be somewhere between
conventional and thickened.
GS confirmed that PAG tailings will always be thickened.
CH asked if the ability to place sand in cells was the limiting factor for cycloning. GS
responded that experience at projects where cycloning occurs at colder climates (e.g.,
Kemess mine) show that running cyclones in very cold temperatures does work, but not as
well, and the larger bottleneck is cell construction.
CH noted that use of cyclone sand is similar to dry placement (e.g., of filtered tailings). It
may be advantageous to cyclone year-round and stockpile sand over the colder months.
GS committed to reviewing constraints in more detail.
CH asked whether plans for dry closure would be supported or detracted considering the
high proportion of fines in the NAG slurry. GS responded that there are two aspects to
consider. Firstly, dam construction will be completed before the end of mining, so the
demand for cyclone sand as a construction material will decease towards the end of the
mine life; hence, the full tailings stream as a thickened product would be placed within the
facility. Secondly, the thickness of the NAG tailings cover will be an important component
to achieve this closure concept.
CH asked if the terms used to describe NAG tailings could be revisited, to be clear about
the nature of these tailings after cycloning, i.e., tailings placed in the facility are a
combination of overflow conventional slurry (9 months), along with the full tailings stream
that is thickened (3 months).
GS agreed to develop a definition for “thickened NAG tailings”, for the Casino Project,
to provide this clarity. This definition will be provided in the BAT Study report.
DC asked what proportion of NAG tailings would be directed to the cyclones. GS
responded that it would be the full NAG stream over 9 months/year, so around 33M
tonnes per year. Sand will be hydraulically placed; it will be transported to the cells by
pipe and placed using dozers.

•

•

•
•

•
•
•

•

•
•
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Core material

•

CH asked if tailings product could be used as a low-permeability core material to control
seepage. GS agreed this was possible, and noted that the Independent Engineering Review
Panel has suggested looking at alternate sources of material, or possible removal of the
low-permeability core altogether. This would support a drained facility and will be
evaluated further.

Impoundments
during
operation and
closure

•

GS reviewed table (Slide 7) summarizing use of impoundments and stacks for the
remaining configurations.
CH asked for clarification of how filtered tailings would be stored. GS explained that there
would need to be a confining structure, made of borrow material or cyclone sand.

Filtered
candidate

•

•

•

GS described the filtered candidate previously developed (For the 2010 alternatives
assessment). This filtered candidate was designed for the Middle Casino site and
corresponds with Candidate MC-34 (configuration type D).
CH commented that PAG material is stored at a higher elevation than NAG in this
example; there is a ‘step up’ in the cross section. Why not store them at the same elevation
so that PAG doesn’t potentially overtop NAG in the event of PAG impoundment failure.
NAG could even be higher than PAG to provide added protection.

Comparison of
candidates

•

The group discussed the remaining candidates (as described on Slide 7) to determine if any
further conclusions could be drawn at a high level.

MC-2 and LC-2

•

Candidate MC-2 was eliminated on the basis that the configuration (separate storage of
NAG (thickened), PAG (thickened), and waste rock) was not realistic for Middle Casino
due to space constraints, in the same manner as this isn’t a viable alternative due to space
constraints at the Upper Casino site. However, participants felt that this configuration
could be better achieved at Lower Casino (LC-2) due to the larger, down-valley location.

MC-37 and LC37

•

Configuration E (including MC-37 and LC-37) comprises combined storage of NAG
(thickened) and waste rock, with separate storage of PAG (thickened). Participants noted
that there was no advantage to this configuration as it resulted in two ARD-generating
impoundments.
Thus, MC-37 and LC-37 were eliminated from the study.
However, the participants noted that this configuration should be considered in regard to
the potential multiple sites/distributed storage candidate (to be developed).

•
•
MC-25

•
•

•

•

MC-28 and LC28

•

GS explained that MC-25 (configuration C) represents CMC’s optimized design.
DC supported the dry closure concept as part of the optimized design. DC and CH also
supported the placement of the process water pond at the most upstream end of the facility
behind waste rock.
DC and CH questioned the moisture content of NAG, and asked whether there would be a
layering effect within the NAG material; i.e., with the higher proportion of fine particles
(slimes) in tailings associated with cycloning, versus months when no cycloning occurs.
DC asked how the NAG tailings might be dried as quickly as possible, and how a
hydraulic barrier could be established for the waste rock in order to confine contamination.
“Slimes” are harder to drain and have the lowest hydraulic conductivity. Therefore, there
may need to be a hydraulic barrier between NAG and waste rock so that contaminated
water doesn’t flow from waste rock to NAG.
The group considered eliminating candidates MC-28 and LC-29 (both configuration D) as
they are similar in design to configuration C and the optimized candidate, but with an
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additional barrier between NAG and comingled PAG/waste rock.
However, the participants elected to retain these candidates at this time, in the interest of
comparing the use of an impermeable barrier for NAG tailings.
The group elected to forgo the pre-prepared risk assessment tables and instead have a
comparative discussion of the remaining candidates.
Remaining candidates include: LC-2, MC-14, LC-14, MC-25, LC-25, MC-28, LC-28, MC-34,
and LC-34.
In addition, KP will also develop a plausible candidate for multiple sites/distributed
storage.
Multiple sites/distributed storage candidates may include configurations A, C, D, and E;
and would be located within the Casino Creek catchment, and/or isolated Canadian
catchment, and/or utilizing backfill.
Participants noted that as the candidates were all in the Casino Creek catchment, it may be
difficult to differentiate in terms of ‘consequence’ ratings. Also considering that the same
design standards would be used, many of the ‘likelihood’ ratings (particularly in regard to
dam breach would likely be similar. There was concern that the HLRA process as currently
described would not provide meaningful differentiation of the remaining candidates.

Participants elected to begin with a comparison of various physical, environmental, and
technical execution parameters. MC-25 (the optimized design) was considered as the base
case, and other candidates were compared to MC-25.
• The discussion began with LC-25, assuming the same general configuration as MC-25 but
at the Lower Casino location. LC-25 was noted to have a better (i.e., lower) embankment
height, but likely worse in regards to crest length, total footprint, and upstream catchment
area. It was considered to be better in regard to the ability to mitigate a potential failure
after closure, but worse in regard to the IDF. It would have less impact on alpine habitat,
but greater impact on valley habitat. LC-25 would have more available space and therefore
be more flexible and adaptable for construction, and have greater expansion potential.
However, it would be further from the pit, and require management of a greater volume of
contact water.
• Discussion next focused on MC-34, representing the filtered tailings option developed for
the 2010 alternative assessment. Relative to MC-25, this candidate was noted to potentially
be beneficial in terms of the consequence of dam failure, but disadvantaged by a high level
of technical complexity. There were also a number of unknowns that did now allow for
easy comparison of the two candidates at this time.
GS committed to following up on questions raised in the afternoon’s discussion (responses
to be provided at next workshop):
• How many months will the desulphurization circuit run?
• How well will a slurry NAG facility perform and will there be challenges regarding
‘lensing’ effects with NAG material of different density and hydraulic conductivity?
• What thickness of NAG is needed to maintain saturation?
•

•

•

The participants agreed that more detailed information about each candidate, including
layout, placement within the catchment, configuration of waste materials and/or
embankments, height of embankments, etc.
GS will prepare more robust concepts, including maps and descriptions, for each of the
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•

remaining candidates.
Acknowledging the limitations of the HRLA process, and concerns that it would not
meaningfully differentiate the candidates, ERM will revise the approach and/or criteria.

Summary of Actions

Who

Review mine plan (last five years of mining) and calculating the volume that could be backfilled and
implications for dam height and catchment areas.

KP

Develop plausible distributed storage/multiple sites candidate(s) in further detail, with the goal of
utilizing lower dam heights, in further detail.

KP

Provide geochemical summary to better understand ARD-potential specific to Casino project PAG
tailings.

KP

Review constraints of cycloning/sand placement in more detail.

KP

Develop definition for “thickened NAG tailings” for the Casino Project

KP

Follow-up with responses to questions re: desulphurization, NAG lensing, and saturation.

KP

Prepare more robust concepts, including maps and descriptions, for each of the remaining candidates
(LC-2, MC-14, LC-14, MC-25, LC-25, MC-28, LC-28, MC-34, and LC-34; plus multiple sites/distributed
storage).

KP

Revise the approach and/or criteria used for the HRLA, maintaining the objective of narrowing down
the list of candidates.

ERM
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Proposed Casino Mine Project
Tailings Working Group (TWG) Workshop 2
January 25, 2018 (Part 2.2), and February 2, 2018 (Part 2.3)
Meeting Summary Notes
*Please note that these meeting notes provide a summary of the discussion; however, these are not detailed minutes of the workshop.
While we have endeavored to document the main points, some discussion items may not be included.
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“TWG Workshop 2” engaged the TWG in regard to the High-Level Risk Assessment (HLRA), and was
conducted over three parts:




Part 2.1 comprised a 1.5-day in-person workshop in Whitehorse, October 18-19, 2017.
Part 2.2 comprised a half-day WebEx meeting held on January 25, 2018, with an option for TWG
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Acid Rock Drainage (ARD)
Metal Leaching (ML)

Executive Summary
The second TWG workshop continued by Web-Ex on January 25, 2018 and February 2, 2018. These meetings
provided a continuation of the risk assessment process started in the in-person workshop held in Whitehorse
on October 18 and 19, 2017. Objectives included follow-up on action items identified at the October workshop,
presentation of an updated HLRA methodology, completion of the HLRA, and identification of the candidates
to move forward to the multiple accounts analysis. Since the October 2017 workshop, the HLRA approach was
adjusted to allow the relative hazard differences between candidates to be distinguished relative first to a base
case configuration (MC-25) and then be compared to the other candidates through discussion with the TWG.
In response to the actions and information requests identified in the October workshop, KP and Lorax
prepared several technical documents, including: a technical memo on the geochemical implications of
unsaturated tailings storage (Lorax); a technical memo describing the feasibility of multiple sites (i.e.,
distributed storage) option(s) in the Casino Creek catchment (KP); a technical memo describing a mechanically
filtered NAG tailings option (KP); and concept sheets for the nine remaining candidates including design,
closure and hazard information (KP). The concept sheets included schematic cross-sections and plan maps
depicting full extent and closure configurations, and provide the background needed to consider the relative
risk ratings in the HLRA.
The January and February portions of the HLRA workshop allowed for discussion between the TWG members
and CMC to address issues raised in previous meetings. The relative risk assessment proceeded to compare the
physical stability, environmental, and technical execution hazards of the remaining candidates. In general,
participants agreed on the ranking of relative risks between the candidates, although there was one notable
point of disagreement regarding the behaviour of a downstream filtered stack in the event of an upstream dam
failure, and that degree that filtered tailings could be mobilized in this scenario.
Ultimately, the TWG agreed on five candidates to carry forward to the multiple accounts analysis (Steps 4 and
5 of the BAT study). These candidates will provide a robust comparison of Middle Casino versus Lower Casino
locations, and “dry closure” (i.e., drained facility) versus “wet closure” (i.e., water cover/pond). One filtered
NAG tailings candidate was also selected. Thus, the five remaining candidates are summarized below.
Candidate

Location

NAG Tailings

Internal Embankment

Closure Concept

Middle Casino

Thickened slurry

No

Dry (drained facility)

LC-25

Lower Casino

Thickened slurry

No

Dry (drained facility)

MC-28

Middle Casino

Thickened slurry

Yes

Wet (water cover)

LC-28

Lower Casino

Thickened slurry

Yes

Wet (water cover)

MC-25 (base case)

LC-34
Lower Casino
Filtered stack*
Yes
Wet (water cover)
Note: (*) LC-34 as described for the HLRA involved processing and storing the full NAG tailings stream as a filtered stack. However,
based on discussion in Part 2.3 of the workshop, CMC and the TWG agreed to optimize this candidate as a hybrid, employing filtered
stack for a reasonably achievable volume of NAG tailings (considering climate-related constraints for tailings placement) to reduce the
volume of NAG tailings stored as thickened slurry. This hybrid candidate will be described in further detail in future steps of the BAT
study.

Prior to the multiple accounts analysis, the conceptual design of these candidates will be further optimized
based on the outcomes of discussion with the TWG.
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HLRA Workshop Part 2.2 – January 25, 2018
Topic
Introduction

Follow-up
from October
Workshop









Discussion
AS welcomed participants
Roundtable introductions
Review of workshop objectives and agenda
JM provided a safety moment
AS reviewed the outcomes of Steps 1 and 2 of the BAT study, as detailed in the most
recent document (Identification of BAT Candidates and Critical Flaw Assessment) and
discussed in the WebEx meeting on October 10, 2017.
The group was referred to the notes from the WebEx on October 10, 2017, and the list of
topics for follow-up discussion.

Multiple Sites candidates (slides 6-8)












GS reviewed the results of the multiple sites assessment, documented in VA17-01953.pdf.
KP’s investigation of potential multiple sites configurations concluded that in order to
store the full volume of mine waste, six impoundments, each with dams exceeding 200
m, would be required in the Casino Creek and isolated Canadian Creek catchments, in
addition to pit backfill in the last three years of operations, thus offering no substantive
benefit over the existing options.
CH asked why the ‘multiple sites’ options do not include Upper Dip creek. The group
had decided in October to keep Upper Dip in consideration for a potential multiple sites
candidate, although it was eliminated as a standalone candidate.
GS noted that including Upper Dip would require disturbance of otherwise unaffected
catchment, which was why we eliminated it as a standalone candidate. The same effect
would apply as a multiple-sites candidate.
CH requested evaluation of a multiple sites option, which includes Upper Dip Creek, as
well as consideration of candidates that relocate dams 2 and 4 further up the valley. This
analysis should be sufficient to show if the up-valley locations would provide additional
benefit, and fully rule them out if they do not.
GS commented that dams 2 and 4 if moved up-valley would have less efficient storage.
DC indicated he is concerned with the safety aspects of multiple sites and does not
require additional evaluation.
GS agreed to re-evaluate dams 2 and 4, and Upper Dip Creek, as part of an updated
multiple sites assessment. This is included in VA18-00267.pdf

55-year pit outline (slide 7)



DC requested clarification on the 55-year pit outline shown on selected figures, and
included in the multiple sites memo.
GS indicated that outline was placed on the map as a limit of potential future expansion
and to help scope the Isolated Canadian Creek option.

Isolated Canadian Creek (IC) catchment


BS inquired about combination of the IC and MC options to determine if there is an
advantage to making a distributed storage candidate with Middle Casino Creek and the
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Isolated Canadian Creek catchment. The consequences of dam failure for a dam at
Isolate Canadian would be quite different than for other multiple-sites options, as
material would flow into the pit. Can this option be used to reduce risk for the
standalone Middle Casino and Lower Casino candidates?
GS noted that while there would be a reduction in the MC dam height overall for an
MC+IC or LC+IC option, the change would be small and would not change the
conclusions of the overall analysis. GS also noted that the IC combination may be a good
consideration within the Failure Modes Effects Analysis (FMEA) in Step 6.
CH commented that in the Samarco failure example, there was no contingency facility to
assist overall tailings management flexibility, and that having the Isolated Canadian
Catchment would allow flexibility.
CH commented that depending on what is stored in the IC, it may further reduce risk
from the primary facility. GS noted that, while there would be a modest reduction of
storage volume at a Primary Facility if IC was incorporated in the overall design, and
that it would increase flexibility in the management of tailings given that a second
facility exists, there would also be increased complexity and risk resulting from having
two separate facilities. As a result, a more detailed evaluation would need to be
conducted to determine if there would be a significant advantage of including IC as a
secondary system over a single site option.
CH and BS advocated for the development of a candidate utilizing the Isolated Canadian
catchment, rather than deferring this to the FMEA as a potential means of optimizing the
selected candidate.
AS indicated that this discussion will be tabled in the interest of proceeding with the
workshop.

Geochemistry and Geochemical implications of unsaturated tailings storage (slides 9-13)





JD reviewed his findings regarding ARD-potential specific to Casino PAG tailings and
geochemical implications of unsaturated tailings storage (Lorax, Dec. 2017).
BS questioned the reason for showing metallurgical supernatant chemistry as it is not
indicative of how the seepage/facility water will look over time and after exposure to
air. JD indicated it is important as a water source to be recycled through the mill, and
does provide a proxy of the liquid, which will be supplied in the tailings waste stream.
Aging tests have been completed. BS noted that was true and it would give an indication
of what would be in the tailings waste stream in the short term, although it does not
reflect what the seepage chemistry would be over time, for example.
DC commented that the Selenium was on the high end for all tailings streams and
questioned what longer term Selenium concentrations would be, and questioned Se
levels from humidity cell results. JD indicated that Selenium is an impurity and tracks
with sulphate (SO4), and that it will decrease over time but still be present in the
samples.

Humidity Cell Results (slide 14)


JD indicated that the humidity cell tests did not show acidification for 20-30 years for the
depyritized and rougher tailings.
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JD commented that there were no humidity cells done on the Py concentrate tailings and
that ML would be greater for PAG materials.
BS commented that Pyrite concentrate would generate acid more quickly, and asked if
there was any acid onset information for this type of concentrate. JD commented that the
Pyrite concentrate tailings are approximately 10 times higher in sulphide but does not
want to speculate on lag time.
BS questioned if the Pyrite concentrate tailings would be submerged immediately. GS
noted that they would be submerged immediately, and reminded the group that Lorax
attempted to use existing data to give an indication of expected lag times for these
various modified configurations, and that the geochemical data were developed from
studies that were based on the Feasibility Study configuration from the project proposal.
CH asked whether it was feasible to dewater (filter) the Pyrite tailings, stack them in the
interim and submerge them later, and wondered if there were similar data from other
sites that would provide indication of lag time. JD was not willing to speculate on lag
time for onset of acid generation, given that the geochemical study designs had never
been designed to address this question.
DC asked to define the cycle time. JD reported it is one week, humidity cells done over
60 weeks, varying time lengths.
AS indicated that this topic could be revisited for further discussion after the workshop.

Dry closure cover concept (Slide 17)




In response to a question from the October workshop: What thickness of NAG is needed to
maintain saturation for the “dry” closure concept? JD commented that NAG tailings covers
have been used elsewhere, and cited Detour lake example which uses desulphurized
tailings over a PAG beach (15 years old) but no long term data set. Tailings sand at
Detour is coarser grained, so Casino would have less oxygen infiltration potentially; and
JD also indicated there are design features such as capillary breaks to optimize the NAG
cover and increase effectiveness that can be added to the design to reduce oxygen
infiltration.
CH asked for the modelling plots on slide 17 to be explained, how was it done and how
is it relevant. JD indicated the modelling was completed for tailings sands from the
original Casino TMF design for tailings sand embankment, and would need to be re-run
for establishing depth of NAG cover; should be remodelled for whole NAG tailings to be
more representative. JD indicated the model was for coarser grained material than
would be used for Casino.

Cycloning schedule



GS responded to a question from the October workshop: Can cycloning occur year-round,
and sand be stockpiled over winter months?
CH asked how long the Pyrite circuit would run for. GS noted the Pyrite circuit would
run when the cyclones are running, and that the seasonal use proposed was not because
the cyclone plant could not run, but because placement in the dam would not be
preferred in the winter months. If the cyclone sand plant runs 9 months of the year, then
the Pyrite concentrate would be produced also 9 months of the year. GS commented that
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it would be possible to run the cyclone sand plant year-round and store the sand for dam
construction at more suitable times of the year.
CH asked for the concepts we are bringing forward, what is the assumption regarding
operation of the Pyrite circuit? GS noted the assumption that the Pyrite circuit would run
when the cyclones run and did not stipulate when it was running. GS acknowledged
that one assumption should be selected moving forward (i.e., year-round operation).
LG commented that all rougher tailings, if they do not go through the pyrite circuit, are
PAG, therefore if the pyrite circuit is not running, all tailings are PAG. CB commented
that when tailings are PAG, they will be placed in the appropriate spot in the facility for
ML/ARD protection.
GS suggested an assumption that the depyritization circuit should run for the full NAG
stream 100% when not running the cyclone sand plant.
CH asked if the NAG volumes previously provided are correct. Greg commented that
80%/20% still stands, and to assume the desulphidization circuit runs year-round.
CH requested confirmation that the 80/20% split was still correct. GS confirmed yes, this
is still the correct proportion of NAG to PAG tailings.

NAG storage facility (slide 18)






HLRA Recap
(slides 20-25)



GS responded to a question from the October workshop: How well will a slurry NAG
facility perform and will there be challenges re: ‘lensing’ in NAG material of different density and
hydraulic conductivity? In short, CH had inquired about sand lensing and facility
heterogeneity in slurry tailings when the pyrite circuit would not be operated year
round, and whether this would result in sand lensing or differential seepage in some
areas.
GS commented that for a singular slurry facility there would be greater pressures at the
base of the pile and lesser pressures at the top, and these pressures have a substantial
effect on the hydraulic conductivity. GS indicated that some layering would be noted;
particularly at the top layers of the facility where the overall in-situ density is not as
great as the lower depths of the deposit; however the designs will include large beaches
and the pond as small as possible. With a low phreatic surface and minimized pond,
preferential drainage paths will not likely be a concern for closure as the singular facility
will be drained.
DF commented that tailings storage facilities all inherently have some heterogeneity but
that does not indicate problems for dam safety or stability. CH clarified he was
accounting for performance risks associated with slurry tailings, and that these risks
need to be accounted for. DF stated in short that there are different conditions and
heterogeneities that could exist in a slurry tailings option, and that these points should
be considered however all facilities have some degree of heterogeneity.
AS summarized the candidates that were eliminated based on the risk discussion during
the October workshop:
o Upper Casino site: had the highest dams, least areas for expansion, and no
significant advantage over Middle Casino Creek.
o Upper Dip Creek site: Problematic permafrost conditions, larger catchment, new
catchment disturbance, location of higher value habitat, and no significant
advantage over lower Casino Creek.
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Configuration B (NAG+PAG tailings and separate Waste Rock) was removed
based on its disadvantages for ML/ARD, large flowable tailings mass.
o Configuration E (comingled NAG tailings +WR with separate PAG tailings
storage) was removed because there was no opportunity to use WR to protect PAG
tailings, and would result in two acid-generating impoundments, and offered no
advantages over the C configuration.
AS summarized previous conversations regarding the A configuration, citing the
disadvantages as three separate impoundments, no feasible dry closure option, and no
opportunities to use waste materials to manage each other. The group was close to
eliminating configuration A based on these disadvantages, but decided to keep it in
pending further details. However, candidate MC-2 was eliminated due to spatial
constraints, including need for 3 impoundments including 2 slurries; LC-2 was retained
for the HLRA.
AS recapped the remaining 9 candidates and three configurations.
o




Updated
HLRA
Methodology
(Slides 27-30)



AS summarized the new proposed HLRA methodology, wherein a relative rating scale
would be used to compare each candidate to the “base case” (MC-25) in terms of
whether safety, environmental, and technical execution hazards are more or less likely to
occur, and more or less serious if they do occur.

LC-02
(Slide 32)




GS summarized the LC-02 configuration
CH asked to confirm that the cores in the internal embankments are water retaining. GS
responded yes, there are cores in the internal embankments, and the beach minimized
seepage but there is no core in the main embankment so will not be water retaining at
closure.
CH requested clarification on drainage. GS commented there will be finger drains and
foundation underdrains to promote drainage, but design is conceptual at this stage.


Early Closure





Closure
supernatant
ponds



MC-14
(Slide 33)





CH asked whether different configurations had different advantages or disadvantages
for early closure. Which options would require more material rehandling or relocation?
GS commented that this was not considered quantitatively and would mostly be related
to waste rock. Because facilities will be built in stages, that level of sequencing was not
considered from an early closure standpoint.
CH commented that early closure should be considered and differentiated for the
different candidates. GM noted that overall simpler staging equates to simpler closure
(or early closure); options with more separation between facilities would have more
difficult early closures. Although there is no year-by-year staging presented in the
concept sheets, as a rule of thumb, more complex staging and construction requirements
would result in more complex early closure.
CH requested volumes of closure supernatant ponds. GM stated this was not quantified.
GS also noted that long-term climate change should be considered.
CH noted that evaporation could be an issue for a large closure pond.
CH asked if it was possible to filter the overflow from slimes. GS noted that testwork
was not done for this specifically but there is no evidence that it could not be done. CB
noted that it is possible to filter much smaller products successfully, but he is doubtful
about the practicality of filtering materials finer than the size of the overflow.
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Other
candidates
(Slides 34-40)
HLRA
Worksheet



LC-02 vs.
LC-28









LC-28 vs.
MC-25

MC-34 vs.
MC-25

GS briefly described each remaining candidates: LC-14, MC-25, LC-25, MC-28, LC-28,
MC-34, and LC-34.

The workshop transitioned to the HLRA worksheet (spreadsheet), and the group compared and
discussed the remaining candidates, and provided comparative ratings of likelihood and consequence
for each hazard.



MC-28 vs.
MC-25

CH noted that in MC-14 the PAG impoundment is at a higher elevation than the waste
rock impoundment. GS agreed.
CH asked if the closure pond is two ponds or one large pond. GS noted that the PAG
pond will spill into the WR pond.

GS commented that LC-2 and LC-28 are similar. The main difference is that LC-28 has
one less impoundment.
CH asked what the advantage would be for the internal embankment. GS commented
that it adds some flexibility, but also adds execution risk compared to LC-28.
CH noted that LC-2 appears more complex without a significant benefit.
Conclusion: the group agreed to eliminate LC-02 as it provides no notable advantages
over LC-28.
GS summarized that MC-25 has a safer closure, but may have more environmental risk
without the water cover. MC-28 has a wet closure so is not as good for safety but may be
better environmentally over the long term.
CH would like to retain MC-28 as an option.
JD indicated that a dry closure has more geochemical risk; NAG tailings have neutral
metal leaching potential but is overall inert under saturated conditions.

Physical hazard:
 Catchment area and embankment height were highlighted as key differences between
MC-25 and LC-28. Other considerations are thickness of tailings after consolidation, and
energy for mobilization of tailings in the case of a dam breach scenario.
 Participants agreed that catchment area resulted in the greatest physical risk. The
catchment area for LC-28 (77 km2) is significantly larger than that for MC -25 (36 km2).
Environmental hazard:
 Similar to MC-28, LC-28 is less likely to pose a risk of ML/ARD (compared to MC-25)
due to water cover at closure.
Technical execution hazard:
 LC-28 has slower rate of rise, and better storage efficiency. However, tailings and waste
rock have to be transported further from the mill and open pit for LC-28. It is likely a
trade-off.
Physical hazard:
 Participants shared differing opinions as to whether an MC-34 failure would release
more tailings than in an MC-25 failure. The group decided to rate the consequence as
“neutral”.
Environmental hazard:
 Equivalent to closure scenario for other water covers, “less likely” and “more serious”
than MC-25. [Note: Discussion in workshop part 2.3 resulted in changes to the consequence of
environmental hazard, for all candidates, to be “neutral”]

8

Technical execution hazard:
 Day 1: Filtered tailings throughput beyond precedent for MC-34, therefore likelihood of
technical execution hazard is “most likely” compared to MC-25, and consequence
considered “more serious” because effectively looking at a single embankment structure,
and if you catch the problem early enough, then essentially MC-34 design would migrate
to a version of the MC-25 design.
Due to time constraints, participants agreed to defer the assessment of the remaining
candidates to February 2, 2018. See HLRA Workshop Part 2.3 for continuation of the
discussion.
HLRA Workshop Part 2.3 – February 8, 2017
Topic
Recap of
HLRA
Workshop
Part 2.2

Discussion
AS provided a recap of the previous session, including the process for assigning relative risk
ratings. Information has also been added (for each candidate) regarding annual inflows,
probable maximum flood (PMF), and closure pond volume.
Relative assignments are based on 5-point scale of likelihood (most likely, more likely,
neutral, less likely, least likely) and consequence (most serious, more serious, neutral, less
serious, and least serious).
 CB questioned the use of a 5-point scale and whether it was adequate to assess the
candidates. Some risk scenarios are significantly greater and a 5-point scale does not
capture “fatal flaws”. Some of the remaining candidates are not practical or feasible and
they should be reflected as such. AS noted that the HLRA is a decision making tool.
There is no hard/fast rule for candidate selection to pass, it will be subject to discussion
about which ones are the best candidates to take forward. Fatally flawed candidates can
be identified through discussion if not through the HLRA scores. It is in everyone’s
interest to ensure that the candidates evaluated in the MAA are reasonable.

Discussion on
candidate
designs







CH requested clarification from KP if all dams are downstream construction, and
whether some were centreline dams, to understand the implications for closure and
water management. GS reported 3:1 slopes were used for downstream faces, and they
wanted to be consistent for all candidates. Re: centreline construction, at this design
level, dams were shown as full section dams. As design progresses, there is opportunity
to do centerline to save volume on upstream side, but for simplicity KP put full section
embankments for all candidates; this can be a later design refinement.
CH asked why, given that MC-28 and MC-25 have the same embankment, storage
volume numbers differ from MC-25. GM replied that MC-28 has 2 embankments. The
134 Mm3 indicated on the concept sheets would be centerline construction. The MC-25
candidate design is more refined than the other concepts and has modeled center line
construction, but embankment volumes are predicted to be the same. All candidates will
be refined, the 3:1 H:V was used for simplicity.
CH noted that candidates with dry closure are associated with a non-water retaining
embankment. Is that a required approach? Does wet closure require an internal (waterretaining) embankment? GS confirmed that a water-retaining internal embankment is
required for a candidates with closure water covers, as they are needed to maintain a
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surface pond. For candidates with dry closure, the tailings mass will drain because of
the non-water retaining embankment.

Water balance





Environmental
hazard and
consequences







Predictions







HLRA
Worksheet

CH inquired if Middle Casino candidates would have a water deficit during operations
and if Lower Casino would be in a surplus. GS indicated that Middle Casino would
definitely be in water deficit; Lower Casino would be either in balance or surplus, but
would need to release water during freshet. GS commented that for Lower Casino, there
may or may not be a need for makeup water from the Yukon River. Detailed water
balances have not been completed, but Lower Casino sites are much more likely to be in
surplus.
CH commented that Lower Casino sites may be more likely to require water treatment
during operations, and GS agreed.
GS clarified that candidates with a dry closure cover will be designed to maintain
saturated conditions to limit oxygen, and that the thickness of the NAG tailings cover
will also provide an oxygen barrier.
Reflecting on the previous session, the group discussed whether the consequence of an
environmental hazard (i.e., inability to manage ML/ARD post-closure) would be more
serious for a candidate with a dry cover vs. wet cover. The loss of water cover would be
challenging to address, but these candidates would require water-retaining
embankments and are therefore more likely to maintain saturation. JD noted that if the
water cover fails, the consequence would likely be similar to having an ineffective NAG
cover. So the consequence of the failure is probably similar. The footprint of a facility
also affects the amount of contact water, besides just the inflow and water balance.
Optimization would include diversion of final PAG to the pit, and NAG would be on top
whether there is a cover or not.
CH noted his opinion regarding which candidates should progress to the MAA. He
rationalized that both dry closure and wet closure options should be evaluated for
Middle Casino and Lower Casino: MC-25 (dry) and MC-28 (wet); and LC-25 (dry) and
LC-28 (wet). This would facilitate comparison of dry and wet closure approaches in both
Middle and Lower Casino Creek. Suggested taking all four forward.
CH further commented that he would like to carry forward a filtered stack candidate as
well, and that the most sensible tailings stack would be the “configuration 34”
candidates.
CH’s comments were noted and the group agreed to proceed with reviewing all
candidates to provide a transparent analysis.

The workshop transitioned to the HLRA worksheet (spreadsheet), and the group compared and
discussed the remaining candidates, and provided comparative ratings of likelihood and consequence
for each hazard.
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Many discussion points are summarized in the text below. However, given the open nature of debate
and discussion, not all discussion points are included. Refer to “Comparative HLRA_summary of
results.pdf” for more information.
LC-25 vs.
MC-25

Physical hazard:
 CH noted that a larger flood (for LC-25) may not be associated with a higher likelihood
of dam failure, compared to MC-25 (the base case). Spillway design criteria will meet
requirements in both cases. GM agreed, this is consistent with recommendation to
consider the likelihood of physical failure to be “neutral” for all candidates. The design
criteria are all the same, so likelihood is effectively the same across candidates. Although
a larger spillway would be required for LC, it would be built to the same design criteria.
However, it may have greater consequence in the event a failure does occur.
 DC asked how much expansion capacity the Middle Casino candidates would have,
given physical constraints higher in the valley. GS responded that both Middle Casino
and Lower Casino provide expansion potential, though the magnitude is not currently
available. GM further clarified that expansion at Middle Casino would be limited by the
55-year pit outline, and has ~20-30 m elevation. Conceptually, Lower Casino sites would
require dam raises for expansion, while the MC candidates could be expanded
somewhat through an embankment raise, with further expansion by building a second
embankment downstream.
Environmental hazard:
 GS reflected that the main geochemical hazard is the inability to manage ML/ARD in the
long term, i.e., post-closure. Compared to MC-25, LC-25 also has a dry (non-flooded)
closure cover. Therefore, LC-25 is neutral compared to MC-25.
Technical hazard:



LC-34 vs.
MC-25

Considering the technical execution hazard for LC-25 compared to MC-25, LC-25 would
have a lower embankment. The sequence of placement is the same, but LC-25 is further
from the pit, and at a lower elevation. Transportation of tailings, waste rock, and reclaim
water would be longer and more complex. Technical execution was scored as “neutral”
compared to MC-25.

GS noted that the main difference between MC-25 and LC-34/MC-34 is placement of filtered
NAG tailings in a stack. The embankment upstream of the filtered tailings stack would be
water retaining, providing a wet closure cover concept. The filtered tailings is also a different
NAG tailings technology compared to MC-25.
Physical hazard:
 Embankment height for LC-34 is lower than for MC-25, although the catchment area is
larger. There is a trade off.
 As for other candidates, likelihood is considered to be neutral, and consequence is the
potential differentiator. BS asked if the presence of the filtered stack could enhance
stability, making failure less likely. GM noted that it is possible to destabilize the filter
stack, and we had previously assumed that all embankments and stacks were designed
to the same standards and design criteria, so does not impact likelihood; i.e., cannot
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claim that one is safer or more stable than another. CB noted that there is no precedent
that would give any assurance that downstream stacking meets design criteria in a
reliable way, and the downstream stack itself could be unstable. Because there is no
precedent, there is low confidence to predict the behaviour. Thus, cannot assume a
‘buttressing’ effect would occur.
CH commented that the consequence of a failure would be lower for LC-34 because the
filtered stack would not be flowable. Water would cut through the stack ‘like a knife
through butter’, making a ravine; a limited amount of tailings material would be
transported, but not all.
CB, GM, VM and others disagreed, and predicted that filtered materials would be resuspended and become flowable in the event of a failure. GS noted that NAG tailings
volume in the stack would be less than the volume of NAG tailings that would be
downstream of the waste rock in MC-25 and LC-25. The consequence could be similar to
LC-25, as they are both down-valley candidates. Or, it could be neutral in the absence of
more information about mobilization.
GM noted that a drained cyclone sand embankment (as in MC-25) would have
approximately the same moisture content as a filtered stack. CB added that cyclone sand
is a known material with predictable qualities, whereas dry-stacked tailings would have
less predictable qualities.
GM noted that, comparing the Lower Casino and Middle Casino sites, a failure at Lower
Casino would more easily reach Dip Creek, whereas a failure at Middle Casino would
have more opportunity to settle prior to reaching Dip Creek, and therefore may have less
consequence.
The behaviour of filtered tailings stack in the event of failure was not agreed, and the
consequence was set as “neutral”.

Environmental hazard:
 With a neutral consequence for all candidates, the discussion focused on the likelihood
that a candidate may face an inability to manage ML/ARD.
 LC-34 has a water cover at closure, and therefore is less likely to lose the saturated
conditions required to manage ML/ARD.
 CH noted that LC-34 has a longer seepage path compared to MC-25 because of the
distance between the dam and the toe of the filtered stack. GS noted that although there
was a longer seepage path, there was also a larger catchment area, and more
groundwater upwelling to potentially interact with materials, and a larger footprint area
of exposed materials that could become reactive.
 Environmental Hazard for LC-34 stated as “Least Likely” and “Neutral”; MC-34 was
rescored to “Less likely”, and “Neutral”
Technical execution hazard:
 As for MC-34, LC-34 is most likely to have technical execution challenges compared to
MC-25.
 CH commented that there would be more water management issues with MC-34
compared to LC-34 because of the relative location of Brynelson creek with respect to
those configurations, and is in a difficult position for the MC-34 configuration. LC-34
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Physical
stability
hazard and
consequence







would likely have simpler water management during operations. MC-34 has less
catchment area, but more challenging water management. GS commented that the main
differentiator between the two 34 candidates is water management, and there is a tradeoff to consider.
LC-34 for technical execution was scored “Most Likely”, “More Serious”
In general, Lower Casino candidates are expected to have higher consequence than
Middle Casino candidates due to the larger upstream catchment.
Participants agreed to consider Lower Casino candidates as one step higher consequence
(“more serious”) than MC-25.
The other factor is closure water cover, which would also result in “more serious”
consequence compared to MC-25 (with a dry cover).
A candidate that has a water cover and is located at Lower Casino would have two
disadvantages, and would be “most serious”.
The physical stability ratings for all candidates were adjusted in accordance with this
approach.

MC-14 and
LC-14



Candidates MC-14 and LC-14 were reviewed and rated in accordance with the
discussion points identified for other candidates.

Filtered stack
concept



CH expressed a desire to ensure that a filtered candidate is included in the multiple
accounts analysis. A “drained” facility is hindered by the fact that there is no evidence
that NAG tailings overflow will drain as predicted. GM noted that 100% of NAG tailings
could be cycloned; conceptually, the overflow could be confined behind waste rock with
PAG tailings, while NAG sands could be stored as the dam.
CB asked the TWG if anyone could describe a feasible concept for a filtered tailings stack
on the scale of the project. CB cited his extensive work experience in many projects, and
finds it inconceivable to filter stack tailings on a large scale in this environment. The
Pogo project has been used as an example, but the scale are not comparable, and the
filtered tailings were coupled with paste backfill.
CB asked the TWG what information would be required to assess the feasibility of a
filtered stack to their satisfaction, noting that—in theory—CMC could design, build and
construct a filter plant, and a way to transport and place (material handling system), but
the limitation is the amount of time when the conditions do not allow for placement of
the tailings. Those conditions cannot always be predicted and can change quickly.
Therefore, there would need to be a full back- up system; the filter plant would be under
utilized, and not cost effective.
CH indicated that CMC does not necessarily have to filter all the NAG tailings. Filtering
a portion of the NAG stream is a concept that has not been optimized. Filtered NAG
tailings could be placed as a wide and stable beach, even if it is only filtered for 3 months
of the year. It could provide for lower risk and lower consequence.
CH would like to see a stacking option carried through, and it may require optimization.
CH requested than an option considering how filtered tailings technology could be
feasibly incorporated into the project be developed; for example, to allow for some use of
a filtered stack.
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Conclusions







GS noted some generic benefits of filtering, indicating that dewatering may be useful in
deficit conditions, and that physical stability is a possible benefit. However, a similar
stability may be achieved through other means more reliable in these climatic conditions,
such as producing cyclone sand from NAG tailings. Physical stability is an important
driver, but geochemistry cannot be forgotten. In considering climate and scale it’s likely
than we can optimize the remaining options to move towards and equal the physical
stability of a smaller scale stack elsewhere.
CH stated that participants may have to “agree to disagree” on the merits of filtered
stacks in the context of the Casino Project. Selkirk First Nation would prefer long-term
stability of a filtered stack, rather than having to rely on consolidation over time with a
drained facility. But more work needs to be done.
MM commented that it is not uncommon to carry a filtered candidate through the
multiple accounts analysis. CMC can look at how to optimize a filtered candidate based
on the requirement that not all NAG tailings be filtered. They will consider if a filtered
stack could be incorporated, to some degree.
DC agreed it would be worthwhile to consider filtered tailings at a significantly lower
rate of production, and look for advantageous ways to incorporate into project design.
Participants agreed to carry forward the four candidates with the lowest total risk
ratings: MC-25 (the base case), LC-25 (a direct comparison at Lower Casino), and MC-28
and LC-28 (comparable candidates with wet closure).
In addition, participants agreed to carry forward one filtered stack candidate, which will
be optimized in accordance with the day’s discussion to provide a hybrid configuration
that uses filtered tailings technology for a reasonable portion of the NAG tailings stream,
considering the site, climate, and comparable examples from other mines.
CMC asked the TWG to select which filtered candidate is optimized and carried
forward; the TWG selected LC-34.

Summary of Actions
Updates to the assessment of ‘multiple sites’ candidates to include Upper Dip Creek, as well as
potential to move multiple sites candidates (especially dams 2 and 4) further up-valley in Middle
Casino and Lower Casino catchments.
Provide updated concept for filtered candidate and filter technology consideration (LC-34) subject to
revision to reduce the throughput of filtered tailings. The details will be benchmarked with other
practicing mines.

Who
KP

KP

Parked Items
Discussion regarding whether to incorporate Isolated Canadian Creek catchment for one or more candidates at
this time, or to address during the optimization of the preferred candidate in the FMEA.
Detailed discussion regarding geochemical predictions and humidity cell results (slides 9 to 14).
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Appendix C
Location Maps (11 Sites)

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management
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Alternative Sites for Casino Project Tailings
Management Facility (TMF): Middle Casino Creek
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Figure C-3
Alternative Sites for Casino Project Tailings Management Facility (TMF): Canadian Creek
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Alternative Sites for Casino Project Tailings Management Facility (TMF): Upper Brittania Creek
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Alternative Sites for Casino Project Tailings Management Facility (TMF): Excelsior Creek
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Alternative Sites for Casino Project Tailings
Management Facility (TMF): Coffee Creek
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Alternative Sites for Casino Project Tailings
Management Facility (TMF): Upper Dip Creek
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Figure C-8
Alternative Sites for Casino Project Tailings Management Facility (TMF): Lower Dip Creek
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Figure C-9
Alternative Sites for Casino Project Tailings
Management Facility (TMF): Lower Brittania Creek
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Figure C-10
Alternative Sites for Casino Project Tailings Management Facility (TMF): Sunshine Creek
#

621000

623000

625000

627000

629000
25
0

3500

631000

0
30

±

0

0

300
0

0

# #

0
35

6965000

250

1500
2000

2500
0

Creek
Sun shine

#

6965000

619000

#
2500

#

0

0
350

3500

ac

Cr

35
0

0

35
0

6963000

0

ee
k

6963000

200
0

0
400

350

3500

a
Is

6961000

6961000

3000

3500

500 foot contour
50 foot contour
Sunshine Creek
Wetland
1,000

Metres
300
0

Contains information licensed under the Open Government Licence – British Columbia and Canada
619000

CASINO MINE

621000

623000

Date: August 15, 2018
Projection: NAD 1983 UTM Zone 7N

625000

627000

629000

6959000

500

0

6959000

0

0
35

400
0

3500

1:50,000

631000

Proj # 0376359-0002 | GIS # CAS-15-006j

610000

#

611000

612000

613000

350

6956000

609000

0

# #

±

6955000

6955000

4000

6956000

Figure C-11
Alternative Sites for Casino Project Tailings
Management Facility (TMF): Lower Casino Creek
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Appendix D
Multiple Sites Assessment memorandum
(December 2017)

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management
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MEMORANDUM
To:

Ms. Mary Mioska

Date:

December 6, 2017

File No.:

VA101-00325/26-A.01

Cont. No.:

VA17-01953

From:

Greg Magoon

Re:

Casino Copper-Gold Project – BAT Study – Multiple Sites Assessment (Update)

1 – INTRODUCTION
Knight Piésold (KP) has completed a Tailings Management Facility (TMF) multiple sites assessment for the Casino
Project. The Casino project is a proposed copper-gold-molybdenum mine located approximately 300 km northwest
of Whitehorse, Yukon Territory, Canada. The deposit will be mined using open pit methods with a nominal mill
throughput of approximately 120,000 tonnes/day of ore over a 22 year operating life.
The purpose of the assessment is to determine whether the generated volumes of Non-Acid Generating (NAG)
tailings, Potentially Acid Generating (PAG) tailings, waste rock, and supernatant water can be stored in multiple
facilities with confining embankments that are each smaller in height than what could be achieved with a single
TMF. The Tailings Working Group (TWG) that has been established by Casino Mining Corporation (CMC)
questioned whether the cumulative risk for each of the categories (safety, environmental and technical) from
multiple ‘smaller’ TMFs may be less than the risk associated with a single ‘larger’ TMF. This memo was developed
to provide information to the TWG regarding the metrics of such a multiple sites concept and therefore to assist in
making this relative risk determination.
The assessment identifies five storage locations within the Casino Creek valley and a single location in an isolated
arm of the Canadian Creek valley. Additionally, an allowance for some pit backfill towards the final years of mine
operations is accounted for as well. Through the TWG workshop in October 2017, the only sites that remained for
consideration for tailings and waste rock management for the BAT Study were in Lower Casino Creek and Middle
Casino Creek. As such, other than the isolated Canadian Creek site and pit backfill, only potential sub-sites within
the Casino Creek catchment were sought out for the Multiple Sites Assessment. It is anticipated that the
information presented here will be used as part of the Casino Best Available Technology (BAT) Study, which is
being conducted to support the Environmental and Socio-economic Statement (ESE).
2 – SITE ASSESSMENT
Five sites were identified within the Casino Creek valley that could potentially be used for tailings, waste rock and
supernatant pond storage. Additionally, a portion of the Canadian Creek valley that will be isolated by the open pit
development was included in the assessment as a potential tailings/waste rock storage area. These sites are
shown schematically on Figure 2.1 and are labelled as Sites 01 to 05 and “IC” (Isolated Canadian). Each site is a
valley that can be closed off with a single embankment while maintaining a substantial basin area.
The following assumptions and parameters were used as the basis for the assessment:
 Embankments will be constructed with cyclone sand from the NAG tailings fraction:
o Approximately 50% of the NAG tailings will be suitable for cyclone sand production (KP Report
VA101-325/08-10 “Report on Feasibility Design of the Tailings Management Facility”, 20DEC’12); this is
equivalent to approximately 279 Mm 3 of tailings
 Embankments will be constructed at a 3H:1V downstream slope
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55 Year Pit
Expansion Outline
Catchment IC
(3.5 Mm2)

IC
Catchment 04
(19.7 Mm2)

Catchment 02
(24.5 Mm2)

Catchment 03
(7.9 Mm2)

04
03

05

02

Catchment 05
(2.5 Mm2)

Catchment 01
(7.4 Mm2)

01

NOTES:
1.
2.

Embankments shown are 150 m in height.
IC site is offset approximately 400 m from the 55 year pit expansion outline.

Figure 2.1

Embankment Locations

A total of 1,026 Mm3 of tailings and waste rock will be generated over the life of the mine, as follows:
 NAG tailings = 558 Mm3
 PAG tailings = 139 Mm3, and
 Waste rock = 329 Mm3.
Waste rock will be mined during pre-production and will continue until year 19 of operations, as shown on Figure
2.2. The peak generation of waste rock will occur between years 3 and 16. All waste rock is considered PAG
material and will need to be submerged by tailings, water or a combination of both to minimize the oxidation of the
materials.
For the purpose of this assessment, it is assumed that waste rock generated from years 17 to 22 (approximately
17 Mm3) can and will be backfilled into the open pit. Additionally, it is assumed that PAG tailings generated from
years 20 to 22 (approximately 16 Mm 3) will be stored in the open pit. After accounting for in-pit storage of waste
rock and PAG tailings, approximately 993 Mm 3 of tailings and waste rock will require storage in one or more TMFs.
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NOTES:
1.

Waste rock production volumes are provided in the feasibility design report (KP Ref. No. VA101-325/8-10, Rev 0, December 20, 2012).

Figure 2.2
2.1

Waste Rock Production

CAPACITY MODELLING

Embankments were modelled at heights of 50 m, 100 m, 150 m, and 200 m at each of the six locations. The
volume of embankment fill, basin capacity, footprint areas and catchment areas for each site and embankment
height were calculated using the Muck3D software developed by MineBridge Software Inc. Table 2.1 shows a
summary of the site characteristics for each location and embankment height.
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Table 2.1
Site

1

2

3

4

5

Isolated
Canadian

Summary of Site Characteristics

Embankment
Height
(m)

Embankment
Volume
(Mm 3)

Basin Storage
Capacity
(Mm 3)

Total Capacity(1)
(Mm 3)

Storage
Efficiency

Footprint Area
(Mm 2)

50

1

2

3

3.0

0.2

100

4

26

30

7.5

1.2

150

20

93

112

5.6

2.6

200

54

141

195

3.6

3.4

50

2

8

10

5.0

0.6

100

8

45

53

6.6

1.5

150

22

113

135

6.1

2.8

200

51

224

275

5.4

4.3

50

1

1

2

2.0

0.1

100

4

13

17

4.3

0.7

150

12

40

52

4.3

1.3

200

27

87

115

4.3

2.0

50

1

2

3

3.0

0.3

100

5

16

21

4.2

0.8

150

13

48

61

4.7

1.7

200

27

126

153

5.7

3.1

50

0.5

0.3

1

2.0

0.1

100

3

4

6

2.0

0.3

150

8

13

21

2.6

0.7

200

17

26

43

2.5

1.0

50

1

2

4

4.0

0.3

100

8

19

27

3.4

0.9

150

23

51

74

3.2

1.7

200

48

104

152

3.2

2.4

Catchment Area
(Mm 2)

8

25

8

20

2

4

NOTES:
1.

Total capacity includes the volume of NAG tailings used for cyclone sand embankment fill that will not require storage upstream of the
confining embankment.
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The combined capacity of all six sites for each embankment height is summarized in Table 2.2.
Table 2.2

Summary of Total Storage Capacity by Embankment Height

Embankment
Height

Cyclone Sand
Embankment Volumes

Basin Storage
Capacity

Combined Storage
Capacity

(m)

(Mm3)

(Mm3)

(Mm3)

50

6

16

22

3.7

100

32

123

155

4.8

150

97

357

454

4.7

200

224

708

932

4.2

Storage
Efficiency

The combination of six structures each at 200 m begin to approach the required total storage. Hence, the confining
embankments for one or more of the facilities (likely Sites 01 and 02) could be constructed higher than 200 m to
fully contain the total volume of tailings, waste rock and supernatant water for the life of mine.
Figure 2.3 shows the combined capacity of all sites (with consideration for the volume of NAG tailings used for
cyclone sand fill) compared to the total tailings and waste rock generated, and the reduced storage volume
required if in-pit storage is utilized during the latter years of the mine life.

NOTES:
1.
2.

“Cumulative Capacity vs. Embankment Height” considers the cyclone sand volumes that would come from NAG tailings.
“Capacity Required with In-Pit Storage” assumes waste rock from years 17-22 and PAG tailings from years 20-22 are stored in the open
pit.

Figure 2.3

Storage Capacity vs. Embankment Height

3 – CONCLUSIONS
The multiple sites assessment was conducted to identify if there is a combination of locations within the Casino
Creek catchment and the Isolated Canadian Creek catchment that can be combined with open pit backfill in the
last few years of operation to result in:
 Smaller embankments
 Smaller reporting catchment areas for each TMF, and
 Lesser stored volumes in any one TMF.
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File No.:VA101-00325/26-A.01
Cont. No.:VA18-00267

Mr. Cameron Brown
Vice President, Engineering
Casino Mining Corporation
15th Floor, 1040 West Georgia Street
Vancouver, British Columbia
Canada, V6E 4H1
Dear Cameron,
Re:

Casino Copper-Gold Project – BAT Study – Multiple Sites Assessment – Including Upper Dip Creek
Catchment

1 – INTRODUCTION
Knight Piésold (KP) has completed a Tailings Management Facility (TMF) multiple sites assessment for the Casino
Project. The Casino project is a proposed copper-gold-molybdenum mine located approximately 300 km northwest
of Whitehorse, Yukon Territory, Canada. The deposit will be mined using open pit methods with a nominal mill
throughput of approximately 120,000 tonnes/day of ore over a 22 year operating life.
The purpose of the assessment is to determine whether the generated volumes of Non-Acid Generating (NAG)
tailings, Potentially Acid Generating (PAG) tailings, waste rock, and supernatant water can be stored in multiple
facilities with confining embankments that are each smaller in height than what could be achieved with a single
TMF. The Tailings Working Group (TWG) that has been established by Casino Mining Corporation (CMC)
questioned whether the cumulative risk for each of the categories (safety, environmental and technical) from
multiple ‘smaller’ TMFs may be less than the risk associated with a single ‘larger’ TMF. This multiple sites
assessment was completed to provide information to the TWG regarding the metrics of such a multiple sites
concept and therefore to assist in making this relative risk determination.
Through the TWG workshop in October 2017, the only sites that remained for consideration for management of
the full volume of tailings and waste rock as part of the BAT Study were in Lower Casino Creek and Middle Casino
Creek. As such, other than the isolated Canadian Creek site and pit backfill, only potential sub-sites within the
Casino Creek catchment were sought out for the initial Multiple Sites Assessment. The initial multiple sites
assessment was completed in December 2017, and the results were presented in a memo to the TWG (KP Ref.
No. VA17-01953, 06DEC’17).
The initial multiple sites assessment identified five storage locations within the Casino Creek valley and a single
location in an isolated arm of the Canadian Creek valley. Following review of this memo by the TWG, and
recognizing that there was an opportunity to manage a portion of the tailings, waste rock and/or supernatant water
in the Upper Dip catchment without triggering any of the pre-defined fatal flows, the TWG requested that the scope
of the multiple sites assessment be updated to include the Upper Dip Creek catchment for management of some
materials, as well as further upstream within several sub-catchments of the Casino Creek catchment. An allowance
for some pit backfill of waste rock and PAG tailings towards the final years of mine operations has been accounted
for in both the initial assessment and this updated assessment.
It is anticipated that the information presented here will be used as part of the Casino Best Available Technology
(BAT) Study, which is being conducted to support the Environmental and Socio-economic Statement (ESE).
2 – SITE ASSESSMENT
The following assumptions and parameters were used as the basis for the assessment:
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Embankments will be constructed with cyclone sand from the NAG tailings fraction:
o Approximately 50% of the NAG tailings will be suitable for cyclone sand production (KP Report
VA101-325/08-10 “Report on Feasibility Design of the Tailings Management Facility”, 20DEC’12); this is
equivalent to approximately 279 Mm 3 of tailings
Embankments will be constructed at a 3H:1V downstream slope

A total of 1,026 Mm 3 of tailings and waste rock will be generated over the life of the mine, as follows:
 NAG tailings = 558 Mm3
 PAG tailings = 139 Mm3, and
 Waste rock = 329 Mm3.
Waste rock will be mined during pre-production and will continue until year 19 of operations, as shown on Figure
2.1. The peak generation of waste rock will occur between years 3 and 16. All waste rock is considered PAG
material and will need to be submerged by tailings, water or a combination of both to minimize the oxidation of the
materials.
For the purpose of this assessment, it is assumed that waste rock generated from years 17 to 22 (approximately
17 Mm3) can and will be backfilled into the open pit. Additionally, it is assumed that PAG tailings generated from
years 20 to 22 (approximately 16 Mm 3) will be stored in the open pit. After accounting for in-pit storage of waste
rock and PAG tailings, approximately 993 Mm 3 of tailings and waste rock will require storage in one or more TMFs.

NOTES:
1.

Waste rock production volumes are provided in the feasibility design report (KP Ref. No. VA101-325/8-10, Rev 0, December 20, 2012).

Figure 2.1
2.1

Waste Rock Production

INITIAL MULTIPLE SITES ASSESSMENT

Five sites were identified within the Casino Creek valley that could potentially be used for tailings, waste rock and
supernatant pond storage. Additionally, a portion of the Canadian Creek valley that will be isolated by the open pit
development was included in the assessment as a potential tailings/waste rock storage area. These sites are
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shown schematically on Figure 2.2 and are labelled as Sites 01 to 05 and “IC” (Isolated Canadian). Each site is a
valley that can be closed off with a single embankment while maintaining a substantial basin area.
55 Year Pit
Expansion Outline
Catchment IC
(3.5 Mm2)

IC
Catchment 04
(19.7 Mm2)

Catchment 02
(24.5 Mm2)

Catchment 03
(7.9 Mm2)

04
03

05

02

Catchment 05
(2.5 Mm2)

Catchment 01
(7.4 Mm2)

01

NOTES:
1.
2.

Embankments shown are 150 m in height.
IC site is offset approximately 400 m from the 55 year pit expansion outline.

Figure 2.2

Embankment Locations

Embankments were modelled at heights of 50 m, 100 m, 150 m, and 200 m at each of the six locations. The
volume of embankment fill, basin capacity, footprint areas and catchment areas for each site and embankment
height were calculated using the Muck3D software developed by MineBridge Software Inc. Table 2.1 shows a
summary of the site characteristics for each location and embankment height.
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Table 2.1
Site

1

2

3

4

5

Isolated
Canadian

Summary of Site Characteristics

Embankment
Height
(m)

Embankment
Volume
(Mm 3)

Basin Storage
Capacity
(Mm 3)

Total Capacity(1)
(Mm 3)

Storage
Efficiency

Footprint Area
(Mm 2)

50

1

2

3

3.0

0.2

100

4

26

30

7.5

1.2

150

20

93

112

5.6

2.6

200

54

141

195

3.6

3.4

50

2

8

10

5.0

0.6

100

8

45

53

6.6

1.5

150

22

113

135

6.1

2.8

200

51

224

275

5.4

4.3

50

1

1

2

2.0

0.1

100

4

13

17

4.3

0.7

150

12

40

52

4.3

1.3

200

27

87

115

4.3

2.0

50

1

2

3

3.0

0.3

100

5

16

21

4.2

0.8

150

13

48

61

4.7

1.7

200

27

126

153

5.7

3.1

50

0.5

0.3

1

2.0

0.1

100

3

4

6

2.0

0.3

150

8

13

21

2.6

0.7

200

17

26

43

2.5

1.0

50

1

2

4

4.0

0.3

100

8

19

27

3.4

0.9

150

23

51

74

3.2

1.7

200

48

104

152

3.2

2.4

Catchment Area
(Mm 2)

8

25

8

20

2

4

NOTES:
1.

Total capacity includes the volume of NAG tailings used for cyclone sand embankment fill that will not require storage upstream of the
confining embankment.
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The combined capacity of all six sites for each embankment height is summarized in Table 2.2.
Table 2.2

Summary of Total Storage Capacity by Embankment Height

Embankment
Height

Cyclone Sand
Embankment Volumes

Basin Storage
Capacity

Combined Storage
Capacity

(m)

(Mm3)

(Mm3)

(Mm3)

50

6

16

22

3.7

100

32

123

155

4.8

150

97

357

454

4.7

200

224

708

932

4.2

Storage
Efficiency

The combination of the six structures at 200 m are approximately 60 Mm 3 short of being able to store the total
volume of tailings and waste rock generated over the life of the mine (after accounting for in-pit backfill). Increasing
the height of the confining embankments for one or more of the facilities (likely Sites 01 and 02) to approximately
200 m would allow for full containment of the total volume of tailings, waste rock and supernatant water for the life
of mine.
Figure 2.3 shows the combined capacity of all sites (with consideration for the volume of NAG tailings used for
cyclone sand fill) compared to the total tailings and waste rock generated, and the reduced storage volume
required if in-pit storage is utilized during the latter years of the mine life.

NOTES:
1.
2.

“Cumulative Capacity vs. Embankment Height” considers the cyclone sand volumes that would come from NAG tailings.
“Capacity Required with In-Pit Storage” assumes waste rock from years 17-22 and PAG tailings from years 20-22 are stored in the open
pit.

Figure 2.3
2.2

Storage Capacity vs. Embankment Height

ADDITIONAL SITES REVIEWED

The TWG group requested that some additional locations be considered as part of the multiple sites analysis. The
additional locations requested for review are as follows:
 Upstream of Casino Creek Site 02 (to determine if similar storage could be achieved with a smaller upstream
catchment area)
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Upstream of Casino Creek Site 04 (to determine if similar storage could be achieved with a smaller upstream
catchment area), and
Assess viable sites within the Upper Dip Creek Catchment.

KP identified:
1. Two additional sites within the Casino Creek Site 02 catchment, referred to as “2a” and “2b”
2. One additional site within the Casino Creek Site 04 catchment, referred to as “4a”, and
3. Three sites within the Upper Dip Creek Catchment, referred to as “D1”, “D2”, and “D3”. The locations of these
additional sites are shown on Figure 2.4.
Catchment 4a
(13.4 Mm2)

Catchment D2
(11.1 Mm2)

Catchment 2b
(10.9 Mm2)

Catchment D1
(19.8 Mm2)

Catchment 2a
(19.1 Mm2)

Catchment D3
(3.8 Mm2)

Figure 2.4

Additional Sites Assessed

All embankments were modelled at a height of 200 m in order to maximize the storage capacity at each site and
provide a best case comparison to the initial assessment. The embankment volumes and storage capacities for
the 200 m embankments are summarized in Table 2.3 (all sites from the initial assessment are also shown in this
table).
The data identify that sites 2a and 2b, which are located upstream of Site 02 from the initial analysis, have
significantly reduced storage capacities, with moderate to significant reduction in the catchment size. Site 4a,
located upstream of Site 04, has a moderately reduced storage capacity than Site 04, with a similar catchment
area.
Three viable locations were identified in the Upper Dip Creek catchment. Site D1 offers the largest storage
potential, with a total capacity of 452 Mm 3 (including NAG consumed for cyclone sand embankment fill), however
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the catchment area is significantly large at ~20 Mm2. Site D2 provides ~100 Mm 3 of total storage, and site D3 for
~30 Mm3.
Table 2.3

Summary of Site Characteristics 200 m Embankments w. Additional Locations

Site

Embankment
Height
(m)

Embankment
Volume
(Mm 3)

Basin Storage
Capacity
(Mm 3)

Total Capacity(1)
(Mm 3)

Storage
Efficiency

Footprint
Area
(Mm 2)

Catchment
Area
(Mm 2)

1

200

54

141

195

3.6

3.4

8

2

200

51

224

275

5.4

4.3

25

2a

200

34

99

134

3.9

2.0

19

2b

200

33

53

86

2.6

1.5

11

3

200

27

87

115

4.3

2.0

8

4

200

27

126

153

5.7

3.1

20

4a

200

23

107

130

5.6

2.4

13

5

200

17

26

43

2.5

1.0

2

Isolated
Canadian

200

48

104

152

3.2

2.4

4

Dip Creek - D1

200

48

405

452

9.5

5.9

20

Dip Creek - D2

200

45

110

154

3.5

2.1

11

Dip Creek - D3

200

17

14

31

1.8

0.8

4

NOTES:
1.

Total capacity includes the volume of NAG tailings used for cyclone sand embankment fill that will not require storage upstream of the
confining embankment.

3 – CONCLUSIONS
The multiple sites assessment was conducted to identify if there is a combination of locations within the Casino
Creek, Isolated Canadian Creek, and Upper Dip Creek catchments that can be combined with open pit backfill in
the last few years of operation to result in:
 Smaller embankments
 Smaller reporting catchment areas for each TMF, and
 Lesser stored volumes in any one TMF.
The rationale for exploring this concept is to assist the TWG with the question they raised about whether the
cumulative risk from multiple ‘smaller’ TMFs may be less than the risk associated with a single ‘larger’ TMF.
The metrics presented for this assessment indicate that by utilizing site D1 within the Upper Dip Creek catchment,
three additional TMFs (likely Sites 01, 02, and 03) will be required to manage the total volume of waste rock and
tailings that will be generated over a 22-year mine life. This configuration requires that embankment D1 and the
other Casino Creek embankments be constructed to heights of approximately 200 m each. The overall height of
each embankment can be reduced with the construction of additional embankments.
While each individual embankment would be a lower height than a single TMF at the Lower or Middle Casino
Creek location, there is an inherent increase in risk due to the complexity of constructing, operating and closing
multiple large dams throughout all phases of the mine life (i.e. operations, closure, and post-closure). Additionally,
constructing a TMF within the Upper Dip Creek catchment significantly expands the physical footprint in a separate
catchment with likely higher quality fish, aquatic and wildlife habitat, in additional to the linear corridor effects to
convey tailings and waste rock to the Upper Dip Creek catchment and reclaim water back to the process plant.
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Appendix E
Geochemical Implications of Unsaturated Tailings Storage
(December 2017)

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

TECHNICAL MEMORANDUM
To:

Greg Smyth, Knight Piesold

Date: Dec 27, 2017

From:

John Dockrey and Bruce Mattson

Project #: A362-7

Subject: Geochemical Implications of Unsaturated Tailings Storage

1. Introduction
This memorandum describes the acid rock drainage and metal leaching (ARD/ML) potential of
unsaturated tailings storage (e.g., drystacking) at the proposed Casino minesite. Tailings have been
produced by metallurgical testing conducted in 2008, 2009, 2010 and 2012 using ore from the
hypogene (HYP) and supergene (SUP) mineralization zones. Initial characterization results of
2008 and 2009 metallurgical tailings found that tailings are potentially acid generating (PAG).
Subsequent metallurgical testing in 2010 and 2012 incorporated a pyrite rougher circuit, which
would separate tailings into depyritized tailings and pyrite concentrate. The purpose of the pyrite
rougher circuit is to produce NPAG tailings (depyritized tailings) suitable for constructing the
tailings embankment and tailings beach. The pyrite that is removed from the depyritized tailings
forms a PAG pyrite concentrate which will require on site disposal. A summary of the types of
tailings that have been produced by metallurgical testing and the ARD potential of the different
waste streams is provided in Table 1-1.
Table 1-1:
Types of tailings that have been produced from metalurgical testing
Type

Description

ARD Classification

Tailings

End product of ore processing

PAG

Depyritized Tailings

Low sulphide end product produced by processing
tailings through pyrite rougher circuit

NPAG

Pyrite Concentrate

High sulphide end product produced by processing
tailings through pyrite rougher circuit

PAG

This memorandum summarizes the geochemical characteristics of the various tailings waste
streams that may be produced by ore processing at the Casino minesite. Test results which are
presented in this memo include acid base accounting (ABA), supernatant chemistry and humidity
cell (HC) testing on whole tailings samples (e.g., no modification of the particle size distribution).
The memorandum concludes with a summary of the ARD/ML potential associated with
unsaturated storage of tailings. The data presented in this document is from Lorax (2013a), where
details of methods and QAQC can be found.
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2. Sample Selection
Tailings samples have been produced from four metallurgical testing programs. This testwork was
conducted to examine metal recovery from supergene SUP and HYP ores, and produce tailings
samples for geochemical characterization. During each testing program tailings solids and
supernatant samples were collected, and subjected to a variety of kinetic and static testing. A
summary of tailings samples and analytical testwork presented in this memo are provided in Table
2-1.
Table 2-1:
Summary of geochemical characterization of metalurgical tailings produced from
2008 to 2012
Sample ID
PP #1

Material Type

Mineralization Zone

Year
Produced

Tailings
(71% SUP, 22% HYP,
7% CAP)

PP #2

Tailings

PP #3

Tailings

SSH Comp 1

Tailings

(50% HYP 50% SUS)

HZ Comp 2

Tailings

HYP

SS Comp 3

Tailings

SUS

Depyritized Tailings

85% SUS and 15%
HYP

Pyrite Concentrate

85% SUS and 15%
HYP

Tailings
Depyritized Tailings

HYP
HYP

HYP-PyRo-Con

Pyrite Concentrate

HYP

SUP-PY-RO-FEED
SUP-WHOLE-RO-

Tailings
Depyritzed Tailings
Pyrite Concentrate

SUP
SUP
SUP

Whole #1
Pyrite Rougher
Concentrate
HYP-PYRO-FEED
HYP-PyRo-Tails

SUP-PY-CON

2008

2009

HC

ABA

Supernatant

T1

x

-

T2

x

-

T3

x

-

x

-

x

-

x

-

T5

x

-

-

x

-

T7

x
x

x
x

-

-

x

-

x
-

x
x
x

T4

2010

2012

3. Results
3.1

Acid Base Accounting

Acid base accounting is used to classify the acid generating potential of geologic material. The
acid generating potential of Casino tailings is determined by the net potential ratio (NPR), whereby
NPR is defined by the ratio CaNP to non-sulphate S AP (CaNPR) (Lorax, 2013b). Samples with
NPR<2 are categorized as potentially acid generating (PAG), samples with NPR>2 are not
potentially acid generating (NPAG) (Price 1997). The net neutralization potential (NNP), which
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is calculated by subtracting the AP from the CaNP, provides a measure of how much acid
generating potential remains when the CaNP is exhausted.
The ABA results for Casino tailings are presented according to the different waste streams
(tailings; depyritized tailings and pyrite concentrate) in Table 3-1. The paste pH results indicate
that initial drainage from all types of tailings will be alkaline, with pH values ranging from 7.7 to
8.7. This is due to the processing fluid from the flotation circuit which is buffered to a pH greater
than 10 and the presence of carbonate minerals (CaNP ranges from 4.2 to 34.2 kgCaCO3/t).
Variations in CaNP content are primarily associated with mineralization zone of the ore sample
(HYP or SUP), with different tailings types generally having similar ranges of CaNP. Total S
values are predominantly in the form of non-sulphate S, and vary widely between waste streams:
tailings (0.12 to 3.39 wt.%); depyritized tailings (0.07 to 0.08 wt. %); and, pyrite concentrate (8.8
to 12.3%).
Most tailings samples are classified as PAG, with 5 of 7 samples having an NPR below 1.42. The
two tailings samples which are classified as NPAG are HZ Comp 2 and SS Comp 3. These samples
are considered outliers with unusually low S content compared to other tailings samples and the
Casino ore samples. Depyritized tailings have CaNPR values of 3 to 11, and are classified as
NPAG. The pyrite concentrates have very low NPR values of <0.1 and are classified as PAG.
Pyrite concentrate samples have considerably lower NNP values than tailings samples (minimum
NNP of -321 kgCaCO3/t in pyrite concentrate versus -88.3 kgCaCO3/t in tailings). This shows
that although both waste streams are classified as PAG, pyrite concentrate can be expected to
generate considerably greater quantities of acidity under unsaturated storage conditions.
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Table 3-1:
Acid-base accounting results for whole tailings samples produced by metallurgical tests.
PP #1

Sample ID

PP #2 PP #3

SSH
HZ
SS
SUP-PyRoHYP-PyRo-Feed Whole #1
Comp 1 Comp 2 Comp 3
Feed

Type

Tailings

Mineralization Zone

(71% SUP,
22% HYP,
7% CAP)

Year Produced

(50% HYP
50% SUP)

HYP

2008

Humidity Cell ID

T1

Depyritized Tailings

SUS

SUP

2009
T2

T3

HYP-PyRo-Tails

HYP
2012

T4

Pyrite Rougher
Concentrate

HYP-PyRoCon

Pyrite Concentrate

85% SUP
and 15%
HYP

HYP

85% SUP and 15%
HYP

HYP

2010

2012

2010

2012

-

-

T5

T7

-

-

Parameter

Unit

Paste pH

s.u.

8.7

8.6

8.5

8.5

8.6

8.6

8.1

7.9

8.5

8.3

8.55

7.7

TIC

%

0.27

0.26

0.31

0.05

0.22

0.41

0.31

0.36

0.08

0.34

0.09

0.3

Total C

%

ND

ND

ND

0.06

0.24

0.43

0.32

0.36

0.09

0.35

0.13

0.33

Total S

%

1.18

1.09

0.65

3.47

0.19

0.14

0.96

1.07

0.01

0.11

12.4

10.8

Sulphate S

%

0.05

0.05

0.07

0.08

<0.01

0.02

0.1

0.05

0.03

0.03

0.08

0.1

Sulphide S

%

1.13

1.04

0.65

3.18

0.16

0.11

0.79

0.92

0.07

0.05

10.8

9.92

Insoluble S

%

<0.01

<0.01 <0.01

0.21

0.03

0.01

0.07

0.1

<0.01

0.03

1.52

0.78

Non-Sulphate S

%

1.13

1.04

0.58

3.39

0.18

0.12

0.86

1.02

0.07

0.08

12.3

10.7

AP

kgCaCO3/t

35.3

32.5

18.1

105.9

5.6

3.8

26.9

31.9

2.2

2.5

385

334

CaNP

kgCaCO3/t

22.5

21.7

25.8

4.2

18.3

34.2

25.8

30

6.7

28.3

7.5

25

ScNP

kgCaCO3/t

19.3

17.3

21.7

11.1

18.9

32.3

33

31.4

14.2

34.1

16.3

30

CaNPR

CaNP/AP

0.64

0.67

1.42

0.04

3.25

9.12

0.96

0.94

3.06

11.32

0.02

0.07

-16

-15.2

1.4

-88.3

13.9

28.9

6.1

-0.5

12

32.5

-321

-280

Net NP
Notes:

A362-7

TIC = total inorganic carbon, originating from carbonates;
Non-Sulphate S is calculated by subtracting Sulphate S from the Total S value;
AP = acid potential in tonnes CaCO3 equivalent per 1000 tonnes of material, calculated from non-sulphate S;
CaNP = Neutralization potential in tonnes CaCO3 equivalent per 1000 tonnes of material, calculated from TIC;
ScNP = Siderite corrected neutralization potential; and
NPR = net potential ratio.
Note that for sample Sat Col 10 & T5 the sulphide S value was used for the non-sulphate S value.
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3.2

Supernatant

Supernatant and process water collected during 2012 metallurgical tests are presented in Table
3-2. Unlike other metallurgical testing, the 2012 tests utilized fresh drill core rather than drill core
that had been stored at site for years to decades. Therefore, it is expected to provide a more realistic
estimate of the composition of initial processes water compared to supernatant produced from
previous metallurgical tests. These supernatant samples were collected within 24 hours of tailings
production, and represent the initial composition of tailings pore water. The results are compared
to Canadian Council of Minister's of the Environment Maximum Water Quality Guidelines for the
Protection of Freshwater Aquatic (CCME) to provide context.
Table 3-2:
Fresh supernatant chemistry produced by 2012 pilot plant metallurgical testing

SUP

Depyritized
Tailings
SUP

Pyrite
Concentrate
SUP

10
74
31
2
879
<0.00004
4.5
0.0035
350
<0.00008
<0.0006
<0.002
0.0023
<0.03
<0.01
55
0.22
<0.0006
0.23
32
<0.002
0.36
<0.001
0.0019
0.0085
<0.0004
<0.0004
0.011
0.0061

10
74
30
2.2
879
<0.00004
4.8
0.0033
347
<0.000068
<0.0006
<0.002
0.0025
<0.03
<0.00001
86
0.24
<0.0006
0.24
34
<0.002
0.39
<0.001
0.0013
0.0082
<0.0004
0.00043
0.016
<0.005

10
57
20
1.4
518
<0.00004
3.1
0.0033
222
<0.000034
<0.0006
<0.002
<0.002
<0.03
<0.00001
56
0.33
<0.0006
0.15
23
<0.002
0.26
<0.001
<0.001
0.0054
<0.0004
<0.0004
0.015
<0.005

Sample Type

Tailings

Mineralization Zone
Parameter
Unit
pH
T-Alk. (as CaCO3)
mg/L
Cl
mg/L
F
mg/L
SO4
mg/L
D-Ag
mg/L
D-Al
mg/L
D-As
mg/L
D-Ca
mg/L
D-Cd
mg/L
D-Co
mg/L
D-Cr
mg/L
D-Cu
mg/L
D-Fe
mg/L
D-Hg
ug/L
D-K
mg/L
D-Mg
mg/L
D-Mn
mg/L
D-Mo
mg/L
D-Na
mg/L
D-Ni
mg/L
D-P
mg/L
D-Pb
mg/L
D-Sb
mg/L
D-Se
mg/L
D-Tl
mg/L
D-U
mg/L
D-V
mg/L
D-Zn
mg/L

HYP

Depyritized
Tailings
HYP

Pyrite
Concentrate
HYP

11
86
34
1.2
911
<0.00004
1.4
0.0033
397
<0.000068
<0.0006
<0.002
0.0035
<0.03
<0.01
50
0.12
<0.0006
0.24
31
<0.002
0.4
<0.001
<0.001
0.0079
<0.0004
<0.0004
0.022
<0.005

11
60
36
1.5
1320
<0.0001
0.64
0.0038
497
<0.000085
<0.0015
<0.005
<0.005
<0.03
<0.01
79
0.21
<0.0015
0.16
35
<0.005
2.1
<0.0025
<0.0025
0.0081
<0.001
<0.001
0.05
<0.005

9.2
28
17
0.72
592
<0.00002
0.49
0.0041
169
0.000018
<0.0003
<0.001
<0.001
0.06
<0.01
19
1.3
0.0012
0.047
11
<0.001
0.67
<0.0005
<0.0005
0.0018
<0.0002
0.0031
0.0092
0.0053

Tailings

CCME

6.5 – 9.0

0.0001
0.1
0.005
0.000036
0.0089
0.0026
0.3
0.000026

0.073
0.104
0.0036
0.001
0.0008
0.015
0.03

Notes: Values shaded in blue exceed the maximum CCME guidelines. Hardness dependent guidelines were calculated based
on a mean water hardness of 111.4 mg CaCO3/L for WQ station W4 on lower Casino Creek
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Supernatant pH values are highly alkaline, ranging from 9.2 to 11. These pH values are expected
to decline as the supernatant aerates and equilibrates with atmospheric CO2. Metals which
consistently exceed CCME guidelines in supernatant include D-Al, D-Mo and D-Se. The
exceedances in D-Al are likely associated with the high pH, and the solubility of this metal will
decline as the solution aerates.
Pyrite concentrate samples tend to have lower concentrations of D-Al, D-Mo and D-Se compared
to tailings and depyritized tailings samples. This is likely related to the concentration of water
soluble oxide minerals in tailing and dypritized tailings, while sulphide minerals which accumulate
in pyrite concentrate are initially stable, and will only leach metals and acidity when exposed to
atmospheric oxygen.
3.3

Humidity Cells

Humidity cell tests have been conducted on tailings and depyritized tailings. No humidity cells
have been conducted on pyrite concentrate to date, as unsaturated storage of this material has never
been envisioned. Time series plots for pH, SO4 and Cu are provided in Figure 3-1, complete results
for these humidity cells are provided in Lorax (2013a). The results show that all tailings humidity
cells have remained at a neutral-alkaline pH. Samples of depyritized tailings (T5 and T7) generally
produce lower SO4 and Cu concentrations compared to tailings (T1, T2, T3 and T4). This is likely
related to the lower sulphide content of these samples (Table 3-1). Time until onset of ARD
calculations predict that the tailings humidity cell samples will become acid generating in 22 to 38
years (Lorax, 2013a). Metal leaching rates can be expected to increase dramatically once this
occurs. Depyritized tailings samples are classified as NPAG and acid generation is not expected.
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Figure 3-1:
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Humidity cell loading rates for tailings samples (T1, T2, T3 and T4) and
depyritized tailings samples (T5 and T7)
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4. Summary
Tailings generated by processing of HYP and SUP ore are PAG and will generate ARD if stored
in an unsaturated environment where oxygen ingress can occur. Further processing of tailings can
be adopted to split tailings into a depyritized tailings and pyrite concentrate waste streams.
Depyritized tailings are NPAG and can safely be stored in an unsaturated environment without
posing an ARD risk. The production of depyritized tailings necessitates the production of pyrite
concentrate as a by product. Pyrite concentrate is PAG and will generate a greater mass of acidity
than PAG tailings owing to its higher sulphide content (up to 10.8 wt%).
Supernatant will compose the initial tailings pore water, and shows initial seepage will be similar
from the three tailings waste streams. Marginally better supernatant is expected from pyrite
concentrate owing to the segregation of water soluble oxide minerals into the depyritized tailings
component. If tailings solids are exposed to oxygen, sulphide minerals will oxidize and generate
acidity and leach metals. The time until onset of ARD is expected to be a matter of decades for
tailings, but will likely be much shorter for pyrite concentrate. Prior to the onset of acid
generation, neutral metal leaching will occur leading to the release of metals which are relatively
soluble at a neutral pH. Neutral metal leaching potential can be related to sulphide content, as
tailings produce higher loading rates than depyritized tailings where the sulphide minerals have
been largely removed. Metal leaching rates are expected to increase dramatically upon the onset
of ARD from the tailings and pyrite concentrate. The depyritized tailings are NPAG and will
produce neutral pH drainage in perpetuity.
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Mr. Cameron Brown
Vice President, Engineering
Casino Mining Corporation
15th Floor, 1040 West Georgia Street
Vancouver, British Columbia
Canada, V6E 4H1
Dear Cameron,
Re:

Casino BAT Study – Mechanically Dewatered NAG Tailings Assessment

1 – INTRODUCTION
Knight Piésold (KP) has completed an assessment for the storage of mechanically dewatered Non-Acid
Generating (NAG) tailings as a component of the Casino Project Tailings Management Facility (TMF). The Casino
project is a proposed copper-gold-molybdenum mine located approximately 300 km northwest of Whitehorse,
Yukon Territory, Canada. The deposit will be mined using open pit methods with a nominal mill throughput of
approximately 120,000 tonnes/day of ore over a 22 year operating life.
The Tailings Working Group (TWG) that has been established by Casino Mining Corporation (CMC) has requested
that a mechanically dewatered NAG tailings concept, that incorporates the management of waste rock and tailings
be developed. This memo was developed to provide information to the TWG regarding the metrics of a
mechanically dewatered NAG tailings concept and therefore to assist in making this relative risk determination. It
is anticipated that the information presented here will be used as part of the Casino Best Available Technology
(BAT) Study, which is being conducted to support the Environmental and Socio-economic Statement (ESE).
The assessment considers a mechanically dewatered NAG tailings stack buttressing a PAG tailings and waste
rock co-disposal facility within the Middle Casino Creek valley.
The purpose of this assessment is to develop a plausible mine development concept that incorporates
mechanically dewatered NAG tailings that have a filter-cake consistency (85-90% solids content). Filtered tailings
need to be dewatered to a low enough moisture content such that they can be compacted to prevent re-saturation.
The concept was developed at the Middle Casino Creek site so that comparisons can be made with the Optimized
Concept (KP Ref. No. VA16-01946, December 23, 2016). Additionally, the mechanically dewatered NAG tailings
are stored downstream of the Potentially Acid Generating (PAG) tailings and waste rock in a combined TMF. While
not required for stability, the mechanically dewatered NAG tailings stack would also serve as an additional buttress
for the waste rock, PAG tailings and a portion of the NAG tailings that is not mechanically dewatered.
2 – ASSESSMENT
The assessment was carried out using the following assumptions:
 NAG tailings would be mechanically dewatered to a filter cake consistency, and hauled or conveyed to the
TMF embankment for placement and compaction.
 75% of all NAG tailings produced will be suitable for mechanical dewatering and placement. The remaining
25% will be co-disposed with PAG tailings as a thickened slurry in the TMF.
 Mechanically dewatered tailings will be placed at an overall slope of 10H:1V. This slope is consistent with the
undrained strength parameters typically seen for filtered tailings and recognizing the large effective stresses
that will be present at the base of a tall stack.
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The final crest elevation of the mechanically dewatered NAG tailings stack must exceed the elevation of the
PAG tailings and waste rock for the closure.
Mechanically dewatered tailings will have a compacted density of 1.6 t/m 3.

A total of 985 Mm3 of tailings and waste rock will be generated over the life of the mine, as follows:
 Mechanically dewatered NAG tailings = 358 Mm3
 Thickened slurry NAG tailings = 159 Mm 3
 Thickened slurry PAG tailings = 139 Mm 3, and
 Waste rock = 329 Mm3.
All waste rock is considered PAG material and will need to be submerged by tailings, water or a combination of
both to minimize the oxidation of the materials. It is assumed that thickened slurry NAG tailings will be deposited
over the waste rock and PAG tailings to create a capping layer for closure.
Waste rock will be mined during pre-production and will continue until year 19 of operations, as shown on Figure
2.1. The majority of the waste rock will be generated between years 3 and 16. For the purpose of this assessment,
it is assumed that waste rock generated from years 17 to 22 (approximately 17 Mm 3) will be backfilled into the
open pit. Additionally, it is assumed that PAG tailings generated from years 20 to 22 (approximately 16 Mm 3) will
be stored in the open pit. After accounting for in-pit storage of waste rock and PAG tailings, and the dewatered
NAG tailings utilized for the embankment construction, approximately 594 Mm3 of tailings and waste rock will need
to be stored in the TMF.

NOTES:
1.

Waste rock production volumes are provided in the feasibility design report (KP Ref. No. VA101-325/8-10, Rev 0, December 20, 2012).

Figure 2.1

Waste Rock Production

The modelling software Muck 3D (MineBridge Software) was used to generate the conceptual layout. The Middle
Casino Creek location was used to store the mechanically dewatered NAG tailings. The location of the NAG tailings
crest was adjusted until an overall 10H:1V sloped tailings stack could be constructed, while maintaining
confinement of the PAG tailings and waste rock. The layout is shown on Figure 2.2. It should be noted that the
2 of 8
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dewatered NAG stack was modelled as a single continuous slope for the purposes of this assessment; however,
the tailings stack would be placed a series of terraces with an equivalent overall slope of 10H:1V.

Catchment Area = 76 Mm2

Process Water Pond
Location

Waste Rock
PAG Tailings
Dewatered NAG Tailings

Figure 2.2
NOTES:
1.

Plan View of Mechanically Dewatered NAG Tailings Option

Total catchment area for the configuration is 71 Mm 2; approximately 5 Mm2 of this area incorporates the 55-year open pit area
(shown in red), with the remaining 66 Mm 2 reporting directly to the TMF footprint area.

The mechanically dewatered NAG tailings stack would be placed up to an elevation of 950 m in the configuration
shown, creating an embankment approximately 250 m in height. Alternate configurations were modelled in Muck
3D which moved the TMF upstream and raised the tailings stack to elevations up to 1,000 m. However, these
alternative configurations would require placing the dewatered tailings at angles steeper than 10H:1V due to the
slope of the valley floor, the embankment height, and availability of NAG tailings for embankment construction.
The tailings stack will provide full containment of the waste rock and PAG tailings under the selected 950 m
configuration, as well storing 25% of the thickened NAG tailings that is assumed to require storage when the
mechanical filtering system is not operational. Additionally, there will be storage for thickened NAG tailings as a
capping layer over the waste rock and PAG tailings during the finals three years of the mine life, which is a feature
of the closure aspect of the TMF to minimize oxidization of the waste rock and PAG tailings. Figure 2.3 shows a
schematic cross section of the tailings configuration.
The dewatered tailings stack extends past the confluence of Brynelson Creek with Casino Creek under this
configuration. Moving the TMF upstream to avoid this catchment would require placing the dewatered tailings
stack at a steeper overall slope of 6.5H:1V.
The Brynelson Catchment area is 24.5 Mm 2, or approximately 1/3rd of the total catchment area for the TMF under
this configuration. A significant amount of run-off during periods of precipitation and snowmelt will require diversion
around the tailings stack in order to prevent saturation of the tailings during placement and compaction.
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Figure 2.3

Cross Section of Mechanically Dewatered NAG Tailings Option

3 – COMPARISON TO MC25 CONFIGURATION
The Middle Creek Casino NAG/PAG/Waste Rock co-disposal configuration (MC25) , presented in VA16-01946
(KP, December 23, 2016) and shown on Figure 3.1, utilizes a 285 m high cyclone sand embankment providing
containment for PAG tailings, waste rock, and the remaining NAG tailings that were not required or suitable for
embankment construction. This configuration is considered an optimized version of the current TMF feasibility
design.
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Figure 3.1
NOTES:
1.

MC25 Configuration Plan View

Total catchment area for the configuration is 46 Mm 2; approximately 5 Mm2 of this area incorporates the 55-year open pit area
(shown in red).

Under the MC25 configuration, approximately 134 Mm 3 of NAG tailings will be used to construct the cyclone sand
embankment, with the remaining 424 Mm 3 deposited immediately upstream of the embankment. PAG tailings
would be confined between two waste rock piles within the TMF and the process water pond would be located at
the upstream end of the impoundment.
Table 3.1 summarizes the volumetrics for the mechanically dewatered NAG tailings configuration and the MC25
configuration. The volume of slurry PAG tailings and waste rock is the same for both options. Utilizing a dewatered
tailings stack to store the NAG tailings allows a potential reduction of the embankment height by 35 m, however
the catchment area is almost double that of the MC25 configuration.
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Table 3.1

Summary of TMF Configurations
MC25 Configuration

Characteristic

Mechanically
Dewatered NAG
Tailings

Embankment Height

250 m

285 m

Stored PAG Tailings and
Waste Rock

435 Mm3

435 Mm3

Thickened Slurry NAG
Tailings

159 Mm3

424 Mm3

Dewatered / Cycloned NAG
Tailings

358 Mm3

134 Mm3

Total NAG Tailings

517 Mm3

558 Mm3

Catchment Area

76 Mm2

46 Mm2

(Cyclone Sand
Embankment)

The relative volumes for each option are presented graphically in Figure 3.2. It should be noted that due to the
greater density of the mechanically dewatered NAG tailings, the total volume of NAG tailings is reduced by
approximately 10%.
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4 – CONCLUSIONS
A waste and water management concept utilizing mechanically dewatered NAG tailings was assessed in order to
support the Casino BAT Study, which is being conducted as part of the ESE. The rationale for exploring this
concept is to assist the TWG with assessing the placement of mechanically dewatered NAG tailings as a
component of the overall tailings and waste rock management concept, and whether this results in a lower overall
risk compared to other tailings and waste rock management technologies.
A TMF configuration was developed with 10H:1V overall slopes for the dewatered tailings stack, under the
assumption that the tailings stack would provide containment for the waste rock and PAG tailings generated
throughout the life of mine. Recent industry experience has shown that that slopes steeper than approximately
10H:1V are unattainable for large stacks due to the limiting geotechnical strength parameters.
The geotechnical stability of a mechanically filtered tailings stack is highly dependent on achieving adequate
compaction of the material during placement. Compaction and stability of the tailings can be adversely affected by
many factors, including:
 Saturation or re-saturation of the tailings due to precipitation and runoff
 Accumulation of snow and ice lenses between layers of placed tailings, due to insufficient snow clearing and/or
freezing conditions
 Insufficient dewatering of the tailings prior to placement, and
 The large stresses at the base of very high stacks.
The project property is located in an area that exhibits moderate levels of rainfall and snowfall throughout the year,
which presents challenges in achieving proper placement and compaction of the tailings. Under this configuration
the toe of the dewatered tailings stack would extend past the Brynelson Creek catchment area, which will result in
significant runoff management requirements in order to keep the dewatered tailings snow-free and unsaturated
during placement.
There are also substantial technical and operational challenges with mechanically dewatered tailings to consider
at this scale. Under this configuration, the Casino project will be producing NAG tailings at a throughput of
96,000 tpd for 9 months of the year. Currently active operations utilizing mechanically dewatered tailings stacks
are typically producing at throughputs of approximately 10,000 to 15,000 tpd, although some larger projects have
been proposed and constructed recently operating at the scale of ~40,000 to 50,000 tpd. As such, there is a lack
of data showing the long term performance of large scale filtered stack tailings operations in cold weather regions,
and implementing this technology at the scale of the Casino project is contingent on dewatering processes that
are effectively unproven.
As stated above, the geotechnical stability of a mechanically dewatered tailings stack is contingent on achieving
adequate compaction of the tailings during placement and maintaining drained conditions. Achieving the
necessary level of compaction not only requires the dewatering processes to be executed consistently and
effectively, but that the tailings themselves are kept unsaturated and free of snow during placement and
compaction. As such, there are two key considerations affecting the geotechnical stability of a mechanically filtered
NAG tailings stack:
 Mechanically dewatering tailings to create a stackable and compactible product is unprecedented at this
throughput. Therefore, from a technical standpoint, constructing a mechanically dewatered NAG tailings
embankment is inherently riskier than utilizing proven large-scale construction methods such as cyclone sand
or rockfill placement.
 The TMF sits in a large catchment area, including the Brynelson Creek catchment which will empty directly
onto the dewatered tailings stack. This increases the risk of tailings saturation affecting compaction of the
tailings.

7 of 8

VA17-02057
December 22, 2017

Appendix G
Candidate Concept Sheets – for High-Level Risk Assessment

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

TABLE A1
CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT
TAILINGS STORAGE CONCEPTS FOR BAT STUDY
COMMON CRITERIA
Print Jan-31-18 15:50:45

Criteria

Description

Waste Production
Waste Rock Produced

658 Mt

Total Tailings Generated

955 Mt

PAG Tailings Produced

191 Mt (20% of total)

NAG Tailings Produced

764 Mt (80% of total)

Maximum Volume of Cyclone Sand Available

3
3
287 Mt (50% of NAG tailings eligible, assumes 9 months/year operations) / ~179 Mm @ 1.6 t/m

Maximum Volume of Mechanically Dewatered NAG Tailings Available 573 Mt (75% of NAG tailings eligible) / ~358 Mm3 @ 1.6 t/m3
Embankment Geometry
Cyclone Sand Embankment Slopes

3H:1V Downstream, 3H:1V Upstream

Starter Embankment Slopes

3H:1V Downstream, 2H:1V Upstream

NAG Tailings Stack Slopes

10H:1V

Early Closure Considerations

Facilities may require remobilization of waste rock and tailings to facilitate creation of a water cover or capping layer (as per existing
closure concepts). The extent of material remobilization will be dependent on the stage of mining in which the early closure occurs,
and the relative heights of the confining embankments for each facility. Facilities with more complex configurations (i.e. multiembankment configurations) may face more challenges in the event of early closure due to restrictions on available material.

Early Closure

Water Management
Closure Pond Cover

Closure pond water cover is assumed to be 1.5 m thick.

The current design calls for a minimal volume of water to be stored within the TMF Process Water Pond for reclaim to the Process
Plant. TMF configurations that utilize mechanically dewatered NAG tailings will require less make-up water from the Process Water
Pond and/or the Yukon River as a greater volume of water will be removed from the NAG tailings prior to transport to the TMF.
Process Plant - Consumptive Water Use

Surplus make-up water from the Yukon River will be required throughout the year, depending upon the available precipiation and
runoff managed in the Process Water Pond. It is expected that TMF configurations in the Lower Casino Creek location will be less
sensitive to climatic variations due to the larger reporting catchment area, and as such may require less make-up water from the
Yukon River compared to options located in the Middle Casino Creek location.

The cyclone sand operation is intended to run as a closed loop system, wherein water run-off from the cyclone underflow is captured
in downstream collection ponds and pumped into the TMF for temporary storage and cyclone plant re-use.

Cyclone Sand Plant Water Use
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NOTES:
1. Tailings and waste rock tonnages are based on the TMF Feasibility Design values (KP. Ref. No. VA101-325/08-10, December 20, 2012).
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LC02: NAG / PAG / Waste Rock
Storage Concept: Separate storage of PAG tailings as a thickened slurry, separate storage of waste rock, and separate storage of
NAG tailings as a thickened slurry. The PAG tailings and waste rock impoundments will be located upstream from the NAG tailings
impoundment, and each impoundment will be separated by internal embankments.
The starter embankments will be water-retaining and constructed from local borrow material with supplement from non-reactive waste
rock. Ongoing raises to the embankments will be constructed from cyclone sand sourced from the underflow of the NAG tailings and
will utilize the centerline method of construction. For the waste rock and PAG tailings embankments, any shortfall in cyclone sand will
be made up from either local borrow &/or waste rock. Permafrost in the embankment foundations for the life-of-mine will be removed
prior to construction. Ongoing raises of the NAG tailings embankment will not include a low-permeable core zone, which will assist the
tailings mass above the starter embankment to drain and consolidate during the closure and post-closure phases. Ongoing raises of
the waste rock and PAG tailings embankments will be water-retaining to facilitate closure requirements.
The overflow of the NAG tailings, as well as the full tailings stream as thickened slurry when the cyclones are not operational, will be
deposited adjacent to the downstream embankment to develop and maintain above-water beaches while the tailings slimes segregate
and settle further away from the embankment. An internal embankment will be constructed upstream of the NAG tailings impoundment,
with waste rock placed immediately upstream. A second internal embankment will be constructed upstream of the waste rock to
impound the PAG tailings as a thickened slurry. PAG tailings will be discharged to develop a confined Process Water Pond at the most
upstream end of the TMF. The Process Water Pond will be the largest and primary location for contact water for the process plant, and
it will be functional throughout the majority of tailings deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years of
operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e. Years 17 - 19)
will be placed in the open pit (~12 Mm3).
Water Management:
Water management consists of an under-drain system, a surface ditch system, and a water collection pond downstream of the NAG
tailings embankment. The under-drain system will assist in dewatering the NAG tailings, which will be directed to the water collection
pond. The surface diversion ditches will collect contact water from the NAG tailings embankment and also direct it to the water
collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand plant or in the Process Plant.
A small NAG Supernatant Pond will collect NAG slurry water, as well as precipitation and runoff from the NAG tailings surface. The
pond will be kept small through active management via pumping systems to transport water either directly back to the process plant,
utilized in the cyclone sand plant or pumped to the larger Process Water Pond. The large tailings beach will be the primary mitigation
measure to minimize seepage through the NAG tailings embankment structure. Water from the PAG tailings stream will report to the
Process Water Pond. The Yukon River will supply the fresh water requirements for the mill, as well as the make-up water requirements,
given that the site is in a deficit condition during the operating period of the mine life, although there is less of a deficit than those
concepts located at the Middle Casino location.
Technical Execution:
There are numerous examples of mining projects utilizing thickened slurry tailings with ore processing throughputs at the scale of the
proposed Casino Project. The proposed tailings technology is considered proven and not subject to any major implementation
challenges. Additionally, thickened slurry tailings have a proven history of application in similar climate conditions as the project site.
The tailings distribution and discharge strategy is unlikely to be affected in a significant way by weather conditions expected at the site.
Extreme wet conditions can impact available storage capacity; however, this consideration was addressed in this concept. This tailings
technology is the most flexible from an operational standpoint. Tailings discharge will not be the limiting factor for operational reliability.
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. This configuration requires three separate embankments be constructed simultaneously
throughout the life of the mine, and as such interruptions in the availability of cyclone sand will have significant impacts on the ability to
store tailings and waste rock effectively. Additionally, an insufficient volume of cyclone sand is availble to construct all three
embankments, and approximately 14 Mm3 of local borrow &/or waste rock will be required to make up the shortfall in the internal
embankments.

Location: Lower Casino Creek
NAG Tailings Embankment Height: 200 m
NAG Tailings Embankment Crest Length: 1920 m
Upstream Catchment Area: 77 Mm2
Annual Inflows: 16 Mm3
Closure PMF: 29 Mm3
Footprint Area: 16 Mm2
Distance to Open Pit: 8 km
Operational Water Retaining Structures: 3
Closure Water Retaining Structures: 2
I
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Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization of the
underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area of 9 Mm2 and
volume of 13.5 Mm3 (~3 Mm2 / 4.5 Mm3 over the PAG tailings, and 6 Mm2 / 9 Mm3 over the waste rock). Water from the Open Pit, once
it has reached the maximum elevation within the pit, will begin to spill towards the PAG impoundment. Spillway channels will be
excavated at the PAG, waste rock, and NAG impoundments to drain off excess supernatant water build-up and prevent overtopping of
the downstream embankment.
The NAG tailings surface will be graded to promote drainage. The NAG tailings, and downstream cyclone sand embankment (an
approximate 7.3 Mm2 area), will be revegetated.
Safety Hazard: The primary hazard is a loss of containment in closure leading to release of NAG tailings and/or water to the
downstream environments, likely caused by flooding and overtopping of the NAG embankment. The Lower Casino location has a large
catchment area, and as such the volume of water and tailings carried downstream in the event of a breach is expected to be greater
than if a breach occurred at a Middle Casino location.
PAG tailings and waste rock are at a lesser risk of loss of containment as they are sequestered behind the NAG impoundment.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the primary
hazard. A loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net evaporation state,
and/or higher than anticipated seepages rates from the impoundment. This hazard is less of a concern compared to those options in
the Middle Casino locations, as the larger catchment area will temper long-term climatic variability.
Technical Execution Hazard: This option requires three individual embankments, and inherently has a greater construction
complexity than the base case configuration (MC25). Interruptions in the production of cyclone sand (such as plant downtime, changes
in production, unavailability of NAG tailings, etc.) may have severe impacts on the ability to maintain the construction schedule required
for three separate impoundments. Delays in the construction schedule will likely result in an inability to manage the volume of tailings
and waste rock produced.

CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT

TAILINGS STORAGE CONCEPTS
CLOSURE PLAN ‐ LC02
P/A NO.

VA101-325/26
I

31JAN'18

REV

DATE

ISSUED WITH TRANSMITTAL
DESCRIPTION

KS

GIM

PREP'D RVW'D

REF. NO.

VA18-00196

FIGURE A1-3

REV

I

M:\1\01\00325\26\A\Data\Deliverable 2 - Concept Sheets\[Casino Concept Sheets - Rev I] MC14 Desc.

Print 31-01-18 3:51 PM

MC14: NAG Stack / PAG / Waste Rock
Storage Concept: Separate storage of PAG tailings as a thickened slurry, separate storage of waste rock, and separate
storage of NAG tailings as a mechanically dewatered stack. The PAG tailings and waste rock facility will be located upstream
from the NAG tailings stack, and each impoundment will be separated by internal embankments.
The starter embankments will be water-retaining and constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankments will be constructed from cyclone sand sourced from the underflow of the NAG
tailings and will utilize the centerline method of construction. For the waste rock and PAG tailings embankments, any shortfall in
cyclone sand will be made up from either local borrow &/or waste rock. Permafrost in the embankment foundations for the lifeof-mine will be removed prior to construction. Ongoing raises of the waste rock and PAG tailings embankments will be waterretaining to facilitate closure requirements.
The overflow of the NAG tailings, as well as the full tailings stream when the cyclones are not required, will be mechanically
dewatered to a filter cake consistency (80-85% solids content) and stacked downstream of the waste rock embankment. An
embankment will be constructed upstream of the NAG stack, with waste rock placed immediately upstream of this embankment.
An internal embankment will be constructed upstream of the waste rock to impound the PAG tailings as a thickened slurry. PAG
tailings will be discharged to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water
Pond will be the largest and primary location for contact water for the process plant, and it will be functional throughout the
majority of tailings deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years
of operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e.
Years 17 - 19) will be placed in the open pit (~12 Mm3).
Water Management: Water management consists of an under-drain system, a surface ditch system, and a water collection
pond downstream of the NAG tailings embankment. The under-drain system will assist in keeping the NAG stack dewatered,
which will be directed to the water collection pond. The surface diversion ditches will collect contact water from the NAG tailings
stack and also direct it to the water collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand
plant or in the Process Plant.
Water from the PAG slurry will report to the Process Water Pond, as well as precipitation and runoff from the PAG tailings
surface. The cyclone sand plant will source water from either the water collection pond, the Process Water Pond or
alternatively, through pumping from within the waste rock voids via a wet well. The Yukon River will supply the fresh water
requirements for the mill, as well as the make-up water requirements, given that the site is in a deficit condition during the
operating period of the mine life.
Technical Execution: Thickened slurry tailings have a proven history of application in similar climate conditions as the project
site. The PAG tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather
conditions. Extreme wet conditions can impact available storage capacity; however, this consideration was addressed in this
concept. This tailings technology is the most flexible from an operational standpoint
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. Reliable and consistent operation of the cyclone sand will be necessary to construct
the waste rock embankment as well as the internal embankment in pace with the production schedule. Additionally, an
insufficient volume of cyclone sand is availble to construct both embankments, and approximately 40 Mm3 of local borrow &/or
waste rock will be required to make up the shortfall in the upstream zone of the waste rock embankment, as well as the earlier
stages of the internal PAG tailings embankment.
There will be limitations in the mechanical dewatering of the NAG tailings. Existing large scale filtered tailings facilities have not
been in operation long enough to verify the long term performance of such operations. Existing smaller scale operations in the
region have exhibited issues with maintaining mechanically dewatered tailings production rates and tailings stack stability.
There will be challenges inherent in maintaining a consistent solids product throughout the mine life, which will impact the
production and filling schedules for all waste management facilities on site. Placement and compaction of mechanically
dewatered tailings will also be subject to restrictions caused by cold weather and precipitation.
Location: Middle Casino Creek
Waste Rock Embankment Height: 285 m
Waste Rock Embankment Crest Length: 2380 m
Upstream Catchment Area: 64 Mm2
Annual Inflows: 13 Mm3
Closure PMF: 24 Mm3
Footprint Area: 14 Mm2
Distance to Open Pit: 6 km
Operational Water Retaining Structures: 2
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Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization of the
underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area of 8.5 Mm2 and
volume of 12.8 Mm3 (~4.7 Mm2 / 7.1 Mm3 over the PAG tailings, and 3.8 Mm2 / 5.7 Mm3 over the waste rock). Water from the Open
Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the PAG impoundment. Spillway channels will
be excavated through the PAG and waste rock impoundments to drain off excess supernatant water build-up and prevent overtopping
of the downstream embankment.
The mechanically dewatered NAG tailings surface will be contoured and graded to promote drainage and reduce erosion. The NAG
tailings, and all exposed cyclone sand embankments (an approximately 1.7 Mm2 area), will be revegetated.
Safety Hazard: The primary hazard is a loss of containment during closure, leading to release of supernatant water and subsequent
erosion of the downstream NAG tailings, likely caused by flooding and overtopping of the waste rock embankment. In addition to water
flooding the impoundment, run-off from Brynelson creek will need to be managed to prevent saturation of the NAG tailings stack.The
catchment area is less than similar concepts at the Lower Casio Creek site.
PAG tailings are at a lesser risk of loss of containment as they are sequestered behind the waste rock impoundment.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the primary
hazard. A loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net evaporation state,
and/or higher than anticipated seepages rates from the impoundment.
Technical Execution Hazard: This option involves producing mechanically dewatered NAG tailings, as well as constructing two
cyclone sand embankments to sequester PAG tailings and waste rock. This configuration inherently has a greater construction
complexity than the base case configuration (MC25). Interruptions in the production of mechanically dewatered NAG tailings (such as
filter press downtime, inability to achieve a consistent product, placement challenges, unavailability of NAG tailings, etc.) may have
severe impacts on the ability to maintain the construction schedule required for two separate impoundments. Delays in the
construction schedule will likely result in an inability to manage the volume of tailings and waste rock produced as excess NAG tailings
would have to be rerouted to the PAG impoundment.
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LC14: NAG Stack / PAG / Waste Rock
Storage Concept: Separate storage of PAG tailings as a thickened slurry, separate storage of waste rock, and separate
storage of NAG tailings as a mechanically dewatered stack. The PAG tailings and waste rock facility will be located upstream
from the NAG tailings stack, and each impoundment will be separated by internal embankments.
The starter embankments will be water-retaining and constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankments will be constructed from cyclone sand sourced from the underflow of the NAG
tailings and will utilize the centerline method of construction. For the waste rock and PAG tailings embankments, any shortfall in
cyclone sand will be made up from either local borrow &/or waste rock. Permafrost in the embankment foundations for the lifeof-mine will be removed prior to construction. Ongoing raises of the waste rock and PAG tailings embankments will be waterretaining to facilitate closure requirements.
The overflow of the NAG tailings, as well as the full tailings stream when the cyclones are not required, will be mechanically
dewatered to a filter cake consistency (80-85% solids content) and stacked downstream of the waste rock embankment. An
embankment will be constructed upstream of the NAG stack, with waste rock placed immediately upstream of this embankment.
An internal embankment will be constructed upstream of the waste rock to impound the PAG tailings as a thickened slurry. PAG
tailings will be discharged to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water
Pond will be the largest and primary location for contact water for the process plant, and it will be functional throughout the
majority of tailings deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years
of operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e.
Years 17 - 19) will be placed in the open pit (~12 Mm3).
Water Management: Water management consists of an under-drain system, a surface ditch system, and a water collection
pond downstream of the NAG tailings embankment. The under-drain system will assist in keeping the NAG stack dewatered,
which will be directed to the water collection pond. The surface diversion ditches will collect contact water from the NAG tailings
stack and also direct it to the water collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand
plant or in the Process Plant.
Water from the PAG slurry will report to the Process Water Pond, as well as precipitation and runoff from the PAG tailings
surface. The cyclone sand plant will source water from either the water collection pond, the Process Water Pond or
alternatively, through pumping from within the waste rock voids via a wet well. The Yukon River will supply the fresh water
requirements for the mill, as well as the make-up water requirements, given that the site is in a deficit condition during the
operating period of the mine life, although there is less of a deficit than those concepts located at the Middle Casino location.
Technical Execution: Thickened slurry tailings have a proven history of application in similar climate conditions as the project
site. The PAG tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather
conditions. Extreme wet conditions can impact available storage capacity; however, this consideration was addressed in this
concept. This tailings technology is the most flexible from an operational standpoint
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. Reliable and consistent operation of the cyclone sand will be necessary to construct
the waste rock embankment as well as the internal embankment in pace with the production schedule.
There will be limitations in the mechanical dewatering of the NAG tailings. Existing large scale filtered tailings facilities have not
been in operation long enough to verify the long term performance of such operations. Existing smaller scale operations in the
region have exhibited issues with maintaining mechanically dewatered tailings production rates and tailings stack stability.
There will be challenges inherent in maintaining a consistent solids product throughout the mine life, which will impact the
production and filling schedules for all waste management facilities on site. Placement and compaction of mechanically
dewatered tailings will also be subject to restrictions caused by cold weather and precipitation.

Location: Lower Casino Creek
Waste Rock Embankment Height: 185 m
Waste Rock Embankment Crest Length: 2050 m
Upstream Catchment Area: 77 Mm2
Annual Inflows: 16 Mm3
Closure PMF: 29 Mm3
Footprint Area: 16 Mm2
Distance to Open Pit: 8 km
Operational Water Retaining Structures: 2
Closure Water Retaining Structures: 2
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Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization of the
underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area of 9.5 Mm2 and
volume of 14.3 Mm3 (~4.6 Mm2 / 6.9 Mm3 over the PAG tailings, and 4.9 Mm2 / 7.4 Mm3 over the waste rock). Water from the Open
Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the PAG impoundment. Spillway channels will
be excavated through the PAG and waste rock impoundments to drain off excess supernatant water build-up and prevent overtopping
of the downstream embankment.
The mechanically dewatered NAG tailings surface will be contoured and graded to promote drainage and reduce erosion. The NAG
tailings, and all exposed cyclone sand embankments (an approximately 4 Mm2 area), will be revegetated.
Safety Hazard: The primary hazard is a loss of containment during closure leading to release of supernatant water and subsequent
erosion of the downstream NAG tailings, likely caused by flooding and overtopping of the waste rock embankment. The Lower Casino
location has a large catchment area, and as such the volume of water and tailings carried downstream in the event of a breach is
expected to be greater than if a breach occurred at the Middle Casino location.
PAG tailings are at a lesser risk of loss of containment as they are sequestered behind the waste rock impoundment.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the primary
hazard. A loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net evaporation state,
and/or higher than anticipated seepages rates from the impoundment. This hazard is less of a concern compared to those options in
the Middle Casino locations, as the larger catchment area will temper long-term climatic variability.
Technical Execution Hazard: This option involves producing mechanically dewatered NAG tailings, as well as constructing two
cyclone sand embankments to sequester PAG tailings and waste rock. This configuration inherently has a greater construction
complexity than the base case configuration (MC25). Interruptions in the production of mechanically dewatered NAG tailings (such as
filter press downtime, inability to achieve a consistent product, placement challenges, unavailability of NAG tailings, etc.) may have
severe impacts on the ability to maintain the construction schedule required for two separate impoundments. Delays in the
construction schedule will likely result in an inability to manage the volume of tailings and waste rock produced as excess NAG tailings
would have to be rerouted to the PAG impoundment.
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MC25: NAG + PAG + Waste Rock (Base Case)
Storage Concept: Combined storage of thickened slurry NAG and PAG tailings with waste rock, sequestered behind a single
embankment. Some waste rock will be placed upstream of the NAG tailings. PAG tailings will be placed upstream of the waste rock.
The remaining waste rock will be placed upstream of the PAG tailings. There will not be any specific internal embankments separating
the various tailings and waste rock materials.
The starter embankment will be water-retaining and will be constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankment will be constructed from cyclone sand sourced from the underflow of the NAG tailings
and will utilize the centerline method of construction. Permafrost in the embankment foundations for the life-of-mine will be removed
prior to construction. Ongoing raises will not include a low-permeable core zone, which will assist the tailings mass above the starter
embankment to drain and consolidate during the closure and post-closure phases, while maintaining a sufficiently low level of oxygen
infiltration to prevent the onset of ARD in the waste rock and PAG tailings.
The overflow of the NAG tailings, as well as the full tailings stream as thickened slurry when the cyclones are not operational, will be
deposited adjacent to the embankment to develop and maintain above-water beaches while the tailings slimes segregate and settle
further away from the embankment. Waste rock will be placed upstream of the NAG tailings in lifts above the water and tailings
elevations. PAG tailings will be placed as a thickened slurry upstream of the waste rock, into the valley along the east side of the TMF
area. All remaining waste rock from each year will be placed upstream of the PAG tailings, also in lifts above the water and tailings
elevations, to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water Pond will be the
largest and primary location for contact water for the process plant, and it will be functional throughout the majority of tailings deposition
in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years of
operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e. Years 17 - 19)
will be placed in the open pit (~12 Mm3). The NAG tailings will continue to be deposited in the TMF so as to create a cover over the
waste rock and PAG tailings that is approximately 3 to 6 m thick (depending on the elevation of the underlying materials), thereby
creating a capping layer sufficient to minimize oxygen infiltration of the underlying materials over a wide range of precipitation
conditions.
Water Management:
Water management consists of an under-drain system, a surface ditch system, and a water collection pond downstream of the
embankment. The under-drain system will assist in dewatering the NAG tailings, which will be directed to the water collection pond. The
surface diversion ditches will collect contact water from the embankment and also direct it to the water collection pond. Water from this
pond will be returned to the TMF for use in the cyclone sand plant or in the Process Plant.
A small NAG Supernatant Pond will collect NAG slurry water, as well as precipitation and runoff from the NAG tailings surface.
Likewise, a small PAG supernatant pond will collect PAG slurry water, as well as precipitation and runoff from the NAG tailings surface.
The ponds will be kept small through active management via pumping systems to transport water either directly back to the process
plant, utilized in the cyclone sand plant or pumped to the larger Process Water Pond. The large NAG tailings beach will be the primary
mitigation measure to minimize seepage through the embankment structure. The Yukon River will supply the fresh water requirements
for the mill, as well as the make-up water requirements, given that the site is in a deficit condition during the operating period of the
mine life.
Technical Execution:
There are numerous examples of mining projects utilizing thickened slurry tailings with ore processing throughputs at the scale of the
proposed Casino Project. The proposed tailings technology is considered proven and not subject to any major implementation
challenges. Additionally, thickened slurry tailings have a proven history of application in similar climate conditions as the project site.
The tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather conditions. Extreme wet
conditions can impact available storage capacity; however, this consideration was addressed in this concept. This tailings technology is
the most flexible from an operational standpoint. Tailings discharge will not be the limiting factor for operational reliability.
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. Given that this options is a single embankment facility, there is operational flexibility to
accommodate interruptions in the cyclone stream that are not available to other configurations.

Location: Middle Casino Creek
Final Embankment Height: 285 m
Embankment Crest Length: 2500 m
Upstream Catchment Area: 36 Mm2
Annual Inflows: 7 Mm3
Closure PMF: 13 Mm3
Footprint Area: 12 Mm2
Distance to Open Pit: 6 km
Operational Water Retaining Structures: 1
Closure Water Retaining Structures: 0
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Closure: At closure a spillway channel will be excavated into the NAG beach to drain off any supernatant water build-up and
the tailings surface will be revegetated. The NAG tailings that is deposited as a cover across the waste rock and PAG tailings
within the TMF will act to minimize oxygen infiltration of the underlying materials under a wide range of precipitation conditions.
This capping layer will then be revegetated, as will the downstream face of the TMF embankment (an approximately 12 Mm2
area). Consolidation of the NAG and PAG tailings deposits will occur throughout operations and during the closure phase of
the project, which will result in localized depressions within the TMF. Preferential deposition of NAG tailings in the final three
years of operations, in addition to covering the PAG tailings and waste rock, will be deposited to prevent ponding on the tailings
surface, and enhance shedding of runoff water. The closure spillway channel will be excavated through the NAG tailings from
the low point within the tailings mass to further assist in conveying runoff from the reclaimed TMF surface. Water from the Open
Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the upper end of the TMF. It will drain
through constructed wetlands located at the upstream end of the TMF prior to exiting the TMF through the closure spillway.
Safety Hazard: A loss of containment operationally leading to release of NAG tailings and/or water; PAG tailings will not be
released to the downstream environment as they are sequestered behind the waste rock within the TMF; furthermore, the
Process Water Pond is sequestered upstream of waste rock, and the NAG and PAG Supernatant Ponds are actively managed
to remain small.
Environmental Hazard: Inability to manage ML/ARD in the long-term, should the drained facility with NAG tailings cover not
sufficiently minimize oxygen infiltration. The likelihood of occurrence is considered greater than if a water cover is utilized over
the PAG tailings and waste rock. However, because the NAG cover would still inhibit oxygenation of these materials even if it
underperforms, the degree of ML/ARD is anticipated to be lesser, and the contingency mitigation measures required easier to
implement.
Technical Execution Hazard: Inability to operate as intended, including a failure to meet design criteria for managing tailings,
waste rock, contact water and supernatant water.
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LC25: NAG + PAG + Waste Rock
Storage Concept: Combined storage of thickened slurry NAG and PAG tailings with waste rock, sequestered behind a single
embankment. Some waste rock will be placed upstream of the NAG tailings. PAG tailings will be placed upstream of the waste rock.
The remaining waste rock will be placed upstream of the PAG tailings. There will not be any specific internal embankments separating
the various tailings and waste rock materials.
The starter embankment will be water-retaining and will be constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankment will be constructed from cyclone sand sourced from the underflow of the NAG tailings
and will utilize the centerline method of construction. Permafrost in the embankment foundations for the life-of-mine will be removed
prior to construction. Ongoing raises will not include a low-permeable core zone, which will assist the tailings mass above the starter
embankment to drain and consolidate during the closure and post-closure phases, while maintaining a sufficiently low level of oxygen
infiltration to prevent the onset of ARD in the waste rock and PAG tailings.
The overflow of the NAG tailings, as well as the full tailings stream as thickened slurry when the cyclones are not operational, will be
deposited adjacent to the embankment to develop and maintain above-water beaches while the tailings slimes segregate and settle
further away from the embankment. Waste rock will be placed upstream of the NAG tailings in lifts above the water and tailings
elevations. PAG tailings will be placed as a thickened slurry upstream of the waste rock, into the valley along the east side of the TMF
area. All remaining waste rock from each year will be placed upstream of the PAG tailings, also in lifts above the water and tailings
elevations, to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water Pond will be the
largest and primary location for contact water for the process plant, and it will be functional throughout the majority of tailings deposition
in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years of
operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e. Years 17 - 19)
will be placed in the open pit (~12 Mm3). The NAG tailings will continue to be deposited in the TMF so as to create a cover over the
waste rock and PAG tailings that is approximately 3 to 6 m thick (depending on the elevation of the underlying materials), thereby
creating a capping layer sufficient to minimize oxygen infiltration of the underlying materials over a wide range of precipitation
conditions.
Water Management:
Water management consists of an under-drain system, a surface ditch system, and a water collection pond downstream of the
embankment. The under-drain system will assist in dewatering the NAG tailings, which will be directed to the water collection pond. The
surface diversion ditches will collect contact water from the NAG tailings embankment and also direct it to the water collection pond.
Water from this pond will be returned to the TMF for use in the cyclone sand plant or in the Process Plant.
A small NAG Supernatant Pond will collect NAG slurry water, as well as precipitation and runoff from the NAG tailings surface.
Likewise, a small PAG supernatant pond will collect PAG slurry water, as well as precipitation and runoff from the NAG tailings surface.
The ponds will be kept small through active management via pumping systems to transport water either directly back to the process
plant, utilized in the cyclone sand plant or pumped to the larger Process Water Pond. The large NAG tailings beach will be the primary
mitigation measure to minimize seepage through the embankment structure. The Yukon River will supply the fresh water requirements
for the mill, as well as the make-up water requirements, given that the site is in a deficit condition during the operating period of the
mine life, although there is less of a deficit than those concepts located at the Middle Casino location.
Technical Execution:
There are numerous examples of mining projects utilizing thickened slurry tailings with ore processing throughputs at the scale of the
proposed Casino Project. The proposed tailings technology is considered proven and not subject to any major implementation
challenges. Additionally, thickened slurry tailings have a proven history of application in similar climate conditions as the project site.
The tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather conditions. Extreme wet
conditions can impact available storage capacity; however, this consideration was addressed in this concept. This tailings technology is
the most flexible from an operational standpoint. Tailings discharge will not be the limiting factor for operational reliability.
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. Given that this options is a single embankment facility, there is operational flexibility to
accommodate interruptions in the cyclone stream that are not available to other configurations.

Location: Lower Casino Creek
Final Embankment Height: 200 m
Embankment Crest Length: 1920 m
Upstream Catchment Area: 77 Mm2

CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT

Annual Inflows: 16 Mm3
Closure PMF: 29 Mm3

TAILINGS STORAGE CONCEPTS
DESCRIPTIVE INFORMATION - LC25

Footprint Area: 16 Mm2
Distance to Open Pit: 8 km
Operational Water Retaining Structures: 1
I

31JAN'18

REV

DATE

ISSUED WITH TRANSMITTAL
DESCRIPTION

P/A NO.

VA101-325/26
KS

GIM

PREP'D RVW'D

REF. NO.

VA18-00196

FIGURE A5-1

REV

I

M:\1\01\00325\26\A\Data\Deliverable 2 - Concept Sheets\[Casino Concept Sheets - Rev I]LC25 Plan and Section

Supernatant Water

Print 31-01-18 3:51 PM

Open Pit

Waste Rock

N

PAG Tailings
Dewatered NAG Tailings
Cyclone Sand Embankment

PAG
Pond

Process
Water
Pond

NAG
Pond

NAG
Tailings

Waste Rock
(Downstream)

PAG
Tailings

Waste Rock
(Upstream)

Process
Water Pond

Natural Topography
Embankment

Embankment
Total Cyclone Sand Required
Local Borrow &/or WR Required

Volume
3
95 Mm
3
95 Mm
- Mm 3

CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT

TAILINGS STORAGE CONCEPTS
CONCEPTUAL CONFIGURATION ‐ LC25
P/A NO.

VA101-325/26
I

31JAN'18

REV

DATE

ISSUED WITH TRANSMITTAL
DESCRIPTION

KS

GIM

PREP'D

RVW'D

REF. NO.

VA18-00196

FIGURE A5-2

REV

I

M:\1\01\00325\26\A\Data\Deliverable 2 - Concept Sheets\[Casino Concept Sheets - Rev I]LC25 Closure

Print 31-01-18 3:51 PM

N
PAG Tailings with NAG Cover
Waste Rock with NAG Cover
Dewatered NAG Tailings
Cyclone Sand Embankment

Closure: At closure a spillway channel will be excavated into the NAG beach to drain off any supernatant water build-up and
the tailings surface will be revegetated. The NAG tailings that is deposited as a cover across the waste rock and PAG tailings
within the TMF will act to minimize oxygen infiltration of the underlying materials under a wide range of precipitation conditions.
This capping layer will then be revegetated, as will the downstream face of the TMF embankment (an approximately 16 Mm2
area). Consolidation of the NAG and PAG tailings deposits will occur throughout operations and during the closure phase of
the project, which will result in localized depressions within the TMF. Preferential deposition of NAG tailings in the final three
years of operations, in addition to covering the PAG tailings and waste rock, will be deposited to prevent ponding on the tailings
surface, and enhance shedding of runoff water. The closure spillway channel will be excavated through the NAG tailings from
the low point within the tailings mass to further assist in conveying runoff from the reclaimed TMF surface. Water from the Open
Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the upper end of the TMF. It will drain
through constructed wetlands located at the upstream end of the TMF prior to exiting the TMF through the closure spillway.
Safety Hazard: A loss of containment operationally leading to release of NAG tailings and/or water; PAG tailings will not be
released to the downstream environment as they are sequestered behind the waste rock within the TMF; furthermore, the
Process Water Pond is sequestered upstream of waste rock, and the NAG and PAG Supernatant Ponds are actively managed
to remain small. The Lower Casino location has a large catchment area, and as such the volume of water and tailings carried
downstream in the event of a breach is expected to be greater than if a breach occurred at a Middle Casino location.
Environmental Hazard: Inability to manage ML/ARD in the long-term, should the drained facility with NAG tailings cover not
sufficiently minimize oxygen infiltration. The likelihood of occurrence is considered greater than if a water cover is utilized over
the PAG tailings and waste rock. However, because the NAG cover would still inhibit oxygenation of these materials even if it
underperforms, the degree of ML/ARD is anticipated to be lesser, and the contingency mitigation measures required easier to
implement.

Technical Execution Hazard: Inability to operate as intended,
including a failure to meet design criteria for managing tailings,
waste rock, contact water and supernatant water. Greater distance
to the stack will increase complexity somewhat compared to
locations in Middle Casino site.
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MC28: NAG / PAG + Waste Rock
Storage Concept: Storage of thickened slurry NAG tailings behind an embankment, with separate storage of thickened slurry PAG
tailings and waste rock behind an internal embankment. The waste rock will be placed immediately upstream of the internal
embankment, and the PAG tailings will be placed upstream of the waste rock.
The starter embankments will be water-retaining and constructed from local borrow material with supplement from non-reactive waste
rock. Ongoing raises to the embankments will be constructed from cyclone sand sourced from the underflow of the NAG tailings and
will utilize the centerline method of construction. For the waste rock and PAG tailings embankment, any shortfall in cyclone sand will be
made up from either local borrow &/or waste rock. Permafrost in the embankment foundations for the life-of-mine will be removed prior
to construction. Ongoing raises of the NAG tailings embankment will not include a low-permeable core zone, which will assist the
tailings mass above the starter embankment to drain and consolidate during the closure and post-closure phases. Ongoing raises of
the waste rock and PAG tailings embankment will be water-retaining to facilitate closure requirements.
The overflow of the NAG tailings, as well as the full tailings stream as thickened slurry when the cyclones are not operational, will be
deposited adjacent to the downstream embankment to develop and maintain above-water beaches while the tailings slimes segregate
and settle further away from the embankment. An internal embankment will be constructed upstream of the NAG tailings impoundment,
with waste rock placed immediately upstream. The PAG tailings will be placed as a thickened slurry upstream of the waste rock. PAG
tailings will be discharged to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water Pond
will be the largest and primary location for contact water for the process plant, and it will be functional throughout the majority of tailings
deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years of
operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e. Years 17 - 19)
will be placed in the open pit (~12 Mm3).
Water Management:
Water management consists of an under-drain system, a surface ditch system, and a water collection pond downstream of the NAG
tailings embankment. The under-drain system will assist in dewatering the NAG tailings, which will be directed to the water collection
pond. The surface diversion ditches will collect contact water from the NAG tailings embankment and also direct it to the water
collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand plant or in the Process Plant.
A small NAG Supernatant Pond will collect NAG slurry water, as well as precipitation and runoff from the NAG tailings surface. The
pond will be kept small through active management via pumping systems to transport water either directly back to the process plant,
utilized in the cyclone sand plant or pumped to the larger Process Water Pond. Water from the PAG slurry will report to the Process
Water Pond. The large NAG tailings beach will be the primary mitigation measure to minimize seepage through the NAG tailings
embankment structure. The Yukon River will supply the fresh water requirements for the mill, as well as the make-up water
requirements, given that the site is in a deficit condition during the operating period of the mine life.
Technical Execution:
There are numerous examples of mining projects utilizing thickened slurry tailings with ore processing throughputs at the scale of the
proposed Casino Project. The proposed tailings technology is considered proven and not subject to any major implementation
challenges. Additionally, thickened slurry tailings have a proven history of application in similar climate conditions as the project site.
The tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather conditions. Extreme wet
conditions can impact available storage capacity; however, this consideration was addressed in this concept. This tailings technology is
the most flexible from an operational standpoint. Tailings discharge will not be the limiting factor for operational reliability.
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. This configuration will be inherently more complex to construct than the base case
configuration (MC25), as it requires the simultaneous construction of two cyclone sand embankments, and as such will be more
sensitive to interruptions in the availability of cyclone sand. Additionally, an insufficient volume of cyclone sand is availble to construct
the NAG tailings embankment and the internal embankment, and approximately 156 Mm3 of local borrow &/or waste rock will be
required to make up the shortfall in the internal embankments.

Location: Middle Casino Creek
NAG Tailings Embankment Height: 285 m
NAG Tailings Embankment Crest Length: 2470 m
Upstream Catchment Area: 36 Mm2
Annual Inflows: 7 Mm3
Closure PMF: 13 Mm3
Footprint Area: 12 Mm2
Distance to Open Pit: 6 km
Operational Water Retaining Structures: 2
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Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization
of the underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area
of 5.9 Mm2 and volume of 8.9 Mm3. Water from the Open Pit, once it has reached the maximum elevation within the pit, will
begin to spill towards the PAG impoundment. Spillway channels will be excavated at the PAG, waste rock, and NAG
impoundments to drain off excess supernatant water build-up and prevent overtopping of the downstream embankment.
The NAG tailings surface will be graded to promote drainage. The NAG tailings, and downstream embankment (an
approximately 4.8 Mm2 area), will be revegetated.
Safety Hazard: The primary hazard is a loss of containment during closure leading to release of NAG tailings and/or water to
the downstream environments, likely caused by flooding and overtopping of the NAG embankment.
PAG tailings and waste rock are at a lesser risk of loss of containment as they are sequestered behind the NAG impoundment.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the
primary hazard. A loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net
evaporation state, and/or higher than anticipated seepages rates from the impoundment.
Technical Execution Hazard: This option requires two individual embankments, and inherently has a greater construction
complexity than the base case configuration (MC25). Interruptions in the production of cyclone sand (such as plant downtime,
changes in production, unavailability of NAG tailings, etc.) may adversely impact the ability to maintain the construction
schedule required for two separate impoundments. Delays in the construction schedule will likely result in an inability to
manage the volume of tailings and waste rock produced.
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LC28: NAG / PAG + Waste Rock
Storage Concept: Storage of thickened slurry NAG tailings behind an embankment, with separate storage of thickened slurry
PAG tailings and waste rock behind an internal embankment. The waste rock will be placed immediately upstream of the
internal embankment, and the PAG tailings will be placed upstream of the waste rock.
The starter embankments will be water-retaining and constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankments will be constructed from cyclone sand sourced from the underflow of the NAG
tailings and will utilize the centerline method of construction. For the waste rock and PAG tailings embankment, any shortfall in
cyclone sand will be made up from either local borrow &/or waste rock. Permafrost in the embankment foundations for the lifeof-mine will be removed prior to construction. Ongoing raises of the NAG tailings embankment will not include a low-permeable
core zone, which will assist the tailings mass above the starter embankment to drain and consolidate during the closure and
post-closure phases. Ongoing raises of the waste rock and PAG tailings embankment will be water-retaining to facilitate closure
requirements.
The overflow of the NAG tailings, as well as the full tailings stream as thickened slurry when the cyclones are not operational,
will be deposited adjacent to the downstream embankment to develop and maintain above-water beaches while the tailings
slimes segregate and settle further away from the embankment. An internal embankment will be constructed upstream of the
NAG tailings impoundment, with waste rock placed immediately upstream. The PAG tailings will be placed as a thickened slurry
upstream of the waste rock. PAG tailings will be discharged to develop a confined Process Water Pond at the most upstream
end of the TMF. The Process Water Pond will be the largest and primary location for contact water for the process plant, and it
will be functional throughout the majority of tailings deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years
of operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e.
Years 17 - 19) will be placed in the open pit (~12 Mm3).
Water Management:
Water management consists of an under-drain system, a surface ditch system, and a water collection pond downstream of the
NAG tailings embankment. The under-drain system will assist in dewatering the NAG tailings, which will be directed to the water
collection pond. The surface diversion ditches will collect contact water from the NAG tailings embankment and also direct it to
the water collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand plant or in the Process
Plant.
A small NAG Supernatant Pond will collect NAG slurry water, as well as precipitation and runoff from the NAG tailings surface.
The pond will be kept small through active management via pumping systems to transport water either directly back to the
process plant, utilized in the cyclone sand plant or pumped to the larger Process Water Pond. Water from the PAG slurry will
report to the Process Water Pond. The large NAG tailings beach will be the primary mitigation measure to minimize seepage
through the NAG tailings embankment structure. The Yukon River will supply the fresh water requirements for the mill, as well
as the make-up water requirements, given that the site is in a deficit condition during the operating period of the mine life,
although there is less of a deficit than those concepts located at the Middle Casino location.
Technical Execution:
There are numerous examples of mining projects utilizing thickened slurry tailings with ore processing throughputs at the scale
of the proposed Casino Project. The proposed tailings technology is considered proven and not subject to any major
implementation challenges. Additionally, thickened slurry tailings have a proven history of application in similar climate
conditions as the project site. The tailings distribution and discharge strategy is unlikely to be affected in a significant way by
any weather conditions. Extreme wet conditions can impact available storage capacity; however, this consideration was
addressed in this concept. This tailings technology is the most flexible from an operational standpoint. Tailings discharge will not
be the limiting factor for operational reliability.
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. This configuration will be inherently more complex to construct than the base case
configuration (MC25), as it requires the simultaneous construction of two cyclone sand embankments, and as such will be more
sensitive to interruptions in the availability of cyclone sand.
Location: Lower Casino Creek
NAG Tailings Embankment Height: 200 m
NAG Tailings Embankment Crest Length: 1830 m
Upstream Catchment Area: 77 Mm2
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Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization of the
underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area of 8.4 Mm2 and
volume of 12.6 Mm3. Water from the Open Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the
PAG impoundment. Spillway channels will be excavated at the PAG, waste rock, and NAG impoundments to drain off excess
supernatant water build-up and prevent overtopping of the downstream embankment.
The NAG tailings surface will be graded to promote drainage. The NAG tailings, and downstream embankment (an approximately 6.4
Mm2 area), will be revegetated.
Safety Hazard: The primary hazard is a loss of containment during closure leading to release of NAG tailings and/or water to the
downstream environments, likely caused by flooding and overtopping of the NAG embankment. The Lower Casino location has a large
catchment area, and as such the volume of water and tailings carried downstream in the event of a breach is expected to be greater
than if a breach occurred at a Middle Casino location.
PAG tailings and waste rock are at a lesser risk of loss of containment as they are sequestered behind the NAG impoundment.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the primary
hazard. A loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net evaporation state,
and/or higher than anticipated seepages rates from the impoundment. This hazard is less of a concern compared to those options in
the Middle Casino locations, as the larger catchment area will temper long-term climatic variability.
Technical Execution Hazard: This option requires two individual embankments, and inherently has a greater construction complexity
than the base case configuration (MC25). Interruptions in the production of cyclone sand (such as plant downtime, changes in
production, unavailability of NAG tailings, etc.) may adversely impact the ability to maintain the construction schedule required for two
separate impoundments. Delays in the construction schedule will likely result in an inability to manage the volume of tailings and waste
rock produced.
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MC34: NAG Stack / PAG + Waste Rock
Storage Concept: Combined storage of PAG tailings as a thickened slurry with waste rock, with separate storage of NAG
tailings as a mechanically dewatered stack. The PAG tailings and waste rock facility will be located upstream from the NAG
tailings stack, separated by an embankment.
The starter embankment will be water-retaining and constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankment will be constructed from cyclone sand sourced from the underflow of the NAG
tailings and will utilize the centerline method of construction. Permafrost in the embankment foundations for the life-of-mine will
be removed prior to construction. Ongoing raises of the waste rock and PAG tailings embankment will be water-retaining to
facilitate closure requirements.
The overflow of the NAG tailings, as well as the full tailings stream when the cyclones are not required, will be mechanically
dewatered to a filter cake consistency (80-85% solids content) and stacked downstream of the waste rock and PAG tailings
embankment. An embankment will be constructed upstream of the NAG stack, with waste rock placed immediately upstream of
this embankment. The PAG tailings will be placed as a thickened slurry upstream of the waste rock. PAG tailings will be
discharged to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water Pond will be
the largest and primary location for contact water for the process plant, and it will be functional throughout the majority of tailings
deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years
of operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e.
Years 17 - 19) will be placed in the open pit (~12 Mm3).
Water Management: Water management consists of an under-drain system, a surface ditch system, and a water collection
pond downstream of the embankment. The under-drain system will assist in keeping the NAG stack dewatered, which will be
directed to the water collection pond. The surface diversion ditches will collect contact water from the NAG tailings stack and
also direct it to the water collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand plant or
in the Process Plant.
Water from the PAG slurry will report to the Process Water Pond, as well as precipitation and runoff from the PAG tailings
surface. The cyclone sand plant will source water from either the water collection pond, the Process Water Pond or
alternatively, through pumping from within the waste rock voids via a wet well. The Yukon River will supply the fresh water
requirements for the mill, as well as the make-up water requirements, given that the site is in a deficit condition during the
operating period of the mine life.
Technical Execution: Thickened slurry tailings have a proven history of application in similar climate conditions as the project
site. The PAG tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather
conditions. Extreme wet conditions can impact available storage capacity; however, this consideration was addressed in this
concept. This tailings technology is the most flexible from an operational standpoint. There will be limitations in the availability of
cyclone sand for embankment construction due to freezing temperatures preventing placement of sand during winter conditions.
There will be limitations in the mechanical dewatering of the NAG tailings. Existing large scale mechanically dewatered tailings
facilities have not been in operation long enough to verify the long term performance of such operations. Existing smaller scale
operations in the region have exhibited issues with maintaining mechanically dewatered tailings production rates and tailings
stack stability. There will be challenges inherent in maintaining a consistent solids product throughout the mine life, which will
impact the production and filling schedules for all waste management facilities on site. Placement and compaction of
mechanically dewatered tailings will also be subject to restrictions caused by cold weather and precipitation.

Location: Middle Casino Creek
Final Embankment Height: 245 m
Embankment Crest Length: 2160 m
Upstream Catchment Area: 64 Mm2
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Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization of the
underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area of 6.9 Mm2 and
volume of 10.4 Mm3. Water from the Open Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the
PAG impoundment. Spillway channels will be excavated through the PAG and waste rock impoundments to drain off excess
supernatant water build-up and prevent overtopping of the downstream embankment. The mechanically dewatered NAG tailings
surface will be contoured and graded to promote drainage and reduce erosion. The NAG tailings, and all exposed cyclone sand
embankments (an approximately 5 Mm2 area), will be revegetated.
Safety Hazard: The primary hazard is a loss of containment during closure leading to release of supernatant water and subsequent
erosion of the downstream NAG tailings, likely caused by flooding and overtopping of the waste rock embankment. In addition to water
flooding the impoundment, run-off from Brynelson creek will need to be managed to prevent saturation of the NAG tailings stack.
PAG tailings are at a lesser risk of loss of containment as they are sequestered behind the waste rock.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the primary
hazard. A loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net evaporation state,
and/or higher than anticipated seepages rates from the impoundment.
Technical Execution Hazard: This option involves producing a significant volume of mechanically dewatered NAG tailings throughout
the life of the mine, as well as constructing a cyclone sand embankment to sequester PAG tailings and waste rock together. This
configuration inherently has a greater construction complexity than the base case (MC25). Interruptions in the production of
mechanically dewatered NAG tailings (filter press downtime, inability to achieve a consistent product, placement challenges,
unavailability of NAG tailings, etc.) may have severe impacts on the ability to maintain the construction schedule required for the
separate impoundments. Delays in the construction schedule will likely result in an excess of NAG tailings requiring storage in the
PAG and waste rock impoundment. The PAG / Waste Rock impoundment may not be able to accommodate the influx of excess
tailings, leading to containment issues and a potential cessation of production.
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LC34: NAG Stack / PAG + Waste Rock
Storage Concept: Combined storage of PAG tailings as a thickened slurry with waste rock, with separate storage of NAG
tailings as a mechanically dewatered stack. The PAG tailings and waste rock facility will be located upstream from the NAG
tailings stack, separated by an embankment.
The starter embankment will be water-retaining and constructed from local borrow material with supplement from non-reactive
waste rock. Ongoing raises to the embankment will be constructed from cyclone sand sourced from the underflow of the NAG
tailings and will utilize the centerline method of construction. Permafrost in the embankment foundations for the life-of-mine will
be removed prior to construction. Ongoing raises of the waste rock and PAG tailings embankment will be water-retaining to
facilitate closure requirements.
The overflow of the NAG tailings, as well as the full tailings stream when the cyclones are not required, will be mechanically
dewatered to a filter cake consistency (80-85% solids content) and stacked downstream of the waste rock and PAG tailings
embankment. An embankment will be constructed upstream of the NAG stack, with waste rock placed immediately upstream of
this embankment. The PAG tailings will be placed as a thickened slurry upstream of the waste rock. PAG tailings will be
discharged to develop a confined Process Water Pond at the most upstream end of the TMF. The Process Water Pond will be
the largest and primary location for contact water for the process plant, and it will be functional throughout the majority of tailings
deposition in the TMF.
The PAG tailings pipeline to the TMF will be decommissioned and relocated to convey the PAG tailings for the final three years
of operations (i.e. Years 20 - 22) to the open pit (~16 Mm3). Additionally, the final three years of waste rock production (i.e.
Years 17 - 19) will be placed in the open pit (~12 Mm3).
Water Management: Water management consists of an under-drain system, a surface ditch system, and a water collection
pond downstream of the embankment. The under-drain system will assist in keeping the NAG stack dewatered, which will be
directed to the water collection pond. The surface diversion ditches will collect contact water from the NAG tailings stack and
also direct it to the water collection pond. Water from this pond will be returned to the TMF for use in the cyclone sand plant or
in the Process Plant.
Water from the PAG slurry will report to the Process Water Pond, as well as precipitation and runoff from the PAG tailings
surface. The cyclone sand plant will source water from either the water collection pond, the Process Water Pond or
alternatively, through pumping from within the waste rock voids via a wet well. The Yukon River will supply the fresh water
requirements for the mill, as well as the make-up water requirements, given that the site is in a deficit condition during the
operating period of the mine life, although there is less of a deficit than those concepts located at the Middle Casino location.
Technical Execution: Thickened slurry tailings have a proven history of application in similar climate conditions as the project
site. The PAG tailings distribution and discharge strategy is unlikely to be affected in a significant way by any weather
conditions. Extreme wet conditions can impact available storage capacity; however, this consideration was addressed in this
concept. This tailings technology is the most flexible from an operational standpoint
There will be limitations in the availability of cyclone sand for embankment construction due to freezing temperatures preventing
placement of sand during winter conditions. Cyclone sand production will occur on average for 9 months of the year during
operations.
There will be limitations in the mechanical dewatering of the NAG tailings. Existing large scale mechanically dewatered tailings
facilities have not been in operation long enough to verify the long term performance of such operations. Existing smaller scale
operations in the region have exhibited issues with maintaining mechanically dewatered tailings production rates and tailings
stack stability. There will be challenges inherent in maintaining a consistent solids product throughout the mine life, which will
impact the production and filling schedules for all waste management facilities on site. Placement and compaction of
mechanically dewatered tailings will also be subject to restrictions caused by cold weather and precipitation.

Location: Lower Casino Creek
Final Embankment Height: 185 m
Embankment Crest Length: 2040 m
Upstream Catchment Area: 77 Mm2
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N

Closure Pond

NAG Tailings Stack
Cyclone Sand Embankment

Closure: The PAG tailings and waste rock will be flooded at closure to maintain a water cover that will act to prevent oxidization of the
underlying materials under a wide range of precipitation conditions. This closure pond will have an overall surface area of 9.9 Mm2 and
volume of 14.9 Mm3. Water from the Open Pit, once it has reached the maximum elevation within the pit, will begin to spill towards the PAG
impoundment. Spillway channels will be excavated through the PAG and waste rock impoundments to drain off excess supernatant water buildup and prevent overtopping of the downstream embankment. The mechanically dewatered NAG tailings surface will be contoured and graded
to promote drainage and reduce erosion. The NAG tailings, and all exposed cyclone sand embankments (an approximately 3.9 Mm2 area), will
be revegetated.
Safety Hazard: The primary hazard is a loss of containment during closure leading to release of supernatant water and subsequent erosion of
the downstream NAG tailings, likely caused by flooding and overtopping of the waste rock embankment. In addition to water flooding the
impoundment, run-off from Brynelson creek will need to be managed to prevent saturation of the NAG tailings stack.
PAG tailings are at a lesser risk of loss of containment as they are sequestered behind the waste rock.
Environmental Hazard: An inability to manage ML/ARD in the long-term due to a loss of the supernatant water cover is the primary hazard. A
loss of supernatant pond may be caused by long term variations in climatic conditions allowing a net evaporation state, and/or higher than
anticipated seepages rates from the impoundment. This hazard is less of a concern compared to those options in the Middle Casino locations,
as the larger catchment area will temper long-term climatic variability.
Technical Execution Hazard: This option involves producing a significant volume of mechanically dewatered NAG tailings throughout the life
of the mine, as well as constructing a cyclone sand embankment to sequester PAG tailings and waste rock together. This configuration
inherently has a greater construction complexity then the base case (MC25). Interruptions in the production of mechanically dewatered NAG
tailings (filter press downtime, inability to achieve a consistent product, placement challenges, unavailability of NAG tailings, etc.) may have
severe impacts on the ability to maintain the construction schedule required for the separate impoundments. Delays in the construction
schedule will likely result in an excess of NAG tailings requiring storage in the PAG and waste rock impoundment. The PAG / Waste Rock
impoundment may not be able to accommodate the influx of excess tailings, leading to containment issues and a potential cessation of
production.
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Appendix H
Candidate Concept Sheets – for Multiple Accounts Analysis

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

Appendix I
Sub-Accounts and Indicators Considered and Not Included

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

Table I-1. Sub-Accounts and Indicators Considered and Not Included
Sub-Account

Indicator

Original Rationale for Indicator

Reason for Not Including

Containment
Infrastructure

n/a

n/a

All indicators in this sub-account were deleted or moved to
other sub-accounts.

Containment
Infrastructure

Number of dams

Candidates with fewer dams (including internal
embankments) have lower risk, and lower long
term maintenance requirements and are preferred.

Containment infrastructure indicators, as described, were
determined to be primarily a factor of operational risk
and/or physical stability, and will be incorporated into
these sub-accounts as appropriate.

Containment
Infrastructure

Dam fill volume

Candidates requiring less dam construction
material will require less cycloning/borrow
materials and are preferred.

Containment infrastructure indicators, as described, were
determined to be primarily a factor of operational risk
and/or physical stability, and will be incorporated into
these sub-accounts as appropriate.

Operational Risk

Resiliency,
redundancy, and
robustness

Candidates with greater “resiliency, robustness,
and redundancy”, as linked to the perceived
benefits of an internal structure and/or other
aspects that would increase overall safety and
reduce operational risk of the candidate.

Optimization of the candidates resulted in the inclusion of a
secondary hydraulic containment feature for all candidates,
therefore this indicator was no longer differentiating.

Initial dam/stack
construction

n/a

n/a

All indicators in this sub-account were deleted or moved to
other sub-accounts.

Initial dam/stack
construction

Depth to competent
foundation material

Candidates requiring less overburden and/or
permafrost removal are preferred.

Deleted due to lack of data to compare candidates.

Initial dam/stack
construction

Extent of foundation
preparation for dams
and/or stack

Candidates with smaller footprint areas requiring
initial foundation preparation are preferred.

Incorporated with "Extent of foundation expansion"
indicator under Operational Risk sub-account, to provide
one indicator for "Extent of foundation area for
dam(s)/stacks"

Initial dam/stack
construction

Terrain class

Candidates with the shallowest terrain in the
footprint of the embankments have the lowest
geohazard potential and are preferred.

"Terrain Class" was determined to be primarily a factor of
operational risk. The TWG considered moving this
indicator to the operational risk sub-account, but ultimately
decided it was not significantly differentiating between the
candidates.

Technical Account
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Sub-Account

Indicator

Original Rationale for Indicator

Reason for Not Including

Operations

n/a

n/a

"Operations" sub-account changed to "Operational Risk"
and broadened to include indicators related to containment
infrastructure, construction requirements, etc.

Operations

Reliability of tailings
management system

Candidates that can reliably operate (tailings
production, placement, and management) with
less downtime are preferred.

This indicator was determined to no longer be
differentiating since LC-34 was modified to account for only
part of the NAG tailings stream as filtered stack.

Operations

Seasonal
constructability of
dam(s)/stack

Candidates for which the dam(s) and/or stack can
be more reliably constructed in all types of weather
conditions, with less downtime, are preferred.

This indicator was determined to no longer be
differentiating since LC-34 was modified to account for only
part of the NAG tailings stream as filtered stack.

Operations

Precedent for tailings
storage technology

Candidates that utilize tailings storage technology
proven for similar site conditions, climate, and
throughput, are preferred.

This indicator was determined to no longer be
differentiating since LC-34 was modified to account for only
part of the NAG tailings stream as filtered stack.

Operations

Extent of foundation
expansion for
dam(s)/stack

Candidates with smaller areas of excavation and
surface disturbance, as required for expansion of
foundations over the life of mine, are preferred.

Incorporated with indicator re: foundation area for initial
construction foundation area, to provide one indicator for
"Extent of foundation area for dam(s)/stacks".

Geochemical
stability

Ability to maintain
water table (postclosure)

Candidates with a water-retaining structure,
downstream of PAG materials, provide greater
confidence to maintain the intended water table
over PAG material, and are preferred.

Optimization of the candidates resulted in the inclusion of
an internal hydraulic containment feature for all candidates,
therefore this indicator was no longer differentiating.

Water
Management

Divertible area of
upstream catchment

Candidates that allow for diversion of surface
water/runoff from smaller upstream undisturbed
catchment areas are preferred.

Not differentiating - may not need diversions for any of the
candidates.

Water
Management

Surplus water
management volume

Candidates that require less surplus water
management during operations are preferred.

Double counting with 'ability to implement water
treatment'.

Water
Management

PMF water volume

Candidates that have a lower probable maximum
flood (PMF) are preferred.

PMF water volume is included as an aspect of the Dam
Factor indicators in the Consequences of Dam Failure
account. It was deleted from the Water Management subaccount to avoid double counting.
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Sub-Account

Indicator

Original Rationale for Indicator

Reason for Not Including

Water
Management

Ability to implement
active water treatment
(operations)

If water treatment is required, candidates that
minimize volumes of contact water are preferred.

This indicator is dependent on surplus water volume,
which is captured under the indicator 'control of
operational water balance'. To avoid double counting, this
indicator was deleted.

Physical Stability

Confined NAG/PAG
volume

Candidates with smaller volumes of impounded
tailings are preferred.

Not relevant to physical stability; more relevant to
consequences of dam failure, and covered in that account.

Physical Stability

Flowability of tailings

Candidates with smaller volumes of contained
NAG tailings characteristics that are less likely to
mobilize upon a triggering event are preferred.

This indicator is covered within the Consequences of Dam
Failure account in terms of the extent of tailings deposition.
It was deleted from the Technical account to avoid double
counting.

Physical Stability

Dewatered NAG
storage volume
(cycloned + filtered)

Candidates with larger volumes of dewatered
NAG tailings (including cycloned and/or filtered
tailings) have less interstitial water and are
preferred.

The TWG discussed how all NAG tailings could
conceivably be cycloned for storage. Therefore, this is not a
differentiator but rather an optimization that could be
incorporated for all candidates during the FMEA.

Physical Stability

Sensitivity to
changing ground
conditions

Candidates that are less susceptible to upset due to
changing permafrost are preferred.

Permafrost is not considered to be a differentiator amongst
the remaining candidates.

Physical Stability

Dam height

Candidates with a lower height have enhanced
stability because of less pressure on dam structure
and foundation, and better phreatic control, and
are preferred.

Dam height as a standalone indicator is not representative
of stability. Dam height is addressed as part of the Dam
Factor indicators in the Consequences of Dam Failure
Account.

Biophysical Environment Account
Air quality

Tailings energy
requirements

Candidates with lower fuel (LNG) consumption
requirements for tailings processing and
placement will generate fewer greenhouse gas
emissions and are preferred.

TWG determined this factor was unlikely to be material to
any of the candidates.

Air quality

Reclaim water energy
required

Candidates with lower fuel (LNG) consumption
requirements for reclaim water pumping will
generate fewer greenhouse gas emissions and are
preferred.

TWG determined this factor was unlikely to be material to
any of the candidates.
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Sub-Account

Indicator

Original Rationale for Indicator

Reason for Not Including

Groundwater

Reduction in
downstream base
flows (operations)

Candidates with less potential to reduce
downstream base flows during operations are
preferred.

TWG determined this indicator did not add value as a
standalone indicator, and was more appropriately
considered in regard to fish habitat.

Groundwater

Reduction in
downstream base
flows (post-closure)

Candidates with post-closure downstream base
flows most similar to baseline conditions are
preferred.

TWG determined this indicator did not add value as a
standalone indicator, and was more appropriately
considered in regard to fish habitat.

Groundwater

Unrecoverable
seepage (operations)

Candidates with less unrecoverable seepage to
groundwater during operations have less potential
to degrade groundwater quality and are preferred.

This indicator was incorporated into the "seepage
management" indicator.

Groundwater

Unrecoverable
seepage (post-closure)

Candidates with less unrecoverable seepage to
groundwater post-closure have less potential to
degrade groundwater quality and are preferred.

This indicator was incorporated into the "seepage
management" indicator.

Groundwater

Seepage paths from
other facilities

Candidates that result in shorter travel paths (via
surface water) for potential seepage generated
from other facilities (e.g., stockpiles, pit lake) are
preferred.

This indicator was incorporated into the "risk of metals
uptake to wildlife" indicators in the Terrestrial Habitat subaccount.

Fish and aquatic
habitat

Changes to surface
water hydrology
(post-closure)

Candidates that minimize changes to surface water
hydrology during post-closure, and therefore
maintain downstream fish habitat closer to
baseline conditions, are preferred.

This indicator was deleted as it is not differentiating. All
candidates will result in no loss of upstream catchment area
in the post-closure phase.

Fish and aquatic
habitat

Productivity of
directly affected fish
habitat

Candidates that directly impact less productive
habitat (i.e., lower fish abundance) have a smaller
potential impact on fisheries productivity, and are
preferred.

This indicator was deleted as it was determined to be
redundant with the indicator for "diversity of directly
affected fish community".

Fish and aquatic
habitat

Density of directly
affected benthic
invertebrate
community

Candidates that directly affect less productive
benthic ecosystems are preferred.

This indicator was deleted because it was not differentiating
and covered similarly by the benthic diversity indicator.

Terrestrial
habitat

Direct loss of high
quality terrestrial
habitat

Candidates that avoid or minimize the loss of
"high quality" (or "suitable") terrestrial habitat, for
any VC species, are preferred.

This indicator was deleted as it was determined to be not
differentiating as there were only small differences in the
area of habitat affected.
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Sub-Account

Indicator

Original Rationale for Indicator

Reason for Not Including

Terrestrial
habitat

Potential effect on rare
plant habitat

Candidates with less potential impact to rare plant
species, based on ecosystem mapping data, are
preferred.

This indicator was deleted as it was determined to be not
differentiating. No rare plant habitat was identified within
the footprint of any candidate.

Human Environment Account
Employment

TMF construction
employment

Candidates that employ more workers during
construction of the TMF are preferred.

Estimated employment numbers are not significantly
differentiating (31 FTE or less)

Employment

TM operations
employment

Candidates that employ more workers during
operation of the TMF are preferred.

Estimated employment numbers are not significantly
differentiating (8 FTE or less)

Archaeology and
cultural heritage

Disturbance to areas
of high archaeological
potential

Candidates with lower risk or impacting areas
with archaeological potential are preferred.

An archaeological overview assessment has not been
conducted for the area; thus, this information is not
available.

End land use

Post-closure land use

Candidates that can be reclaimed and restored to
provide safe access and use for a variety of land
users are preferred.

Deleted because no significant difference between
candidates

Recreational and
commercial land
use

Extent of commercial
land use

Candidates affecting fewer commercial land users
(including tenured activities such as mineral and
placer exploration, guide outfitting, traplines) are
preferred.

Deleted because no difference between candidates - the
same tenures would be affected to a similar degree.

Recreational and
commercial land
use

Extent of recreational
land use

Candidates affecting fewer recreational land users
(including non-tenured activities such as camping,
hiking, boating, motorized travel [snowmobiling,
ATVs], fishing, hunting [for Yukon residents], etc.)
are preferred.

Deleted because no difference between candidates- all are
considered to have low levels of recreational use.

First Nations'
Interests

Proximity to
settlement parcels and
interim protected
lands

Candidates with greater distance from settlement
parcels and interim protected lands are preferred.

Deleted because the difference of 12 km and 15 km
(straight-line distance) does not significantly differentiate
the candidates.
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Sub-Account

Indicator

Original Rationale for Indicator

Reason for Not Including

Project Economics Account
TMF costs

Early closure costs

Candidates with lower costs to implement early
closure are preferred.

Early closure costs are not expected to be significantly
different amongst the remaining candidates.

TMF costs

Capital costs

Candidates with lower costs are preferred.

CAPEX, OPEX and closure/reclamation costs are included
in the estimate of Net Present Costs indicator. Other
incremental costs (e.g. fish habitat offsetting) are
incremental in terms of the overall NPC.

TMF costs

Operating costs

Candidates with lower costs are preferred.

CAPEX, OPEX and closure/reclamation costs are included
in the estimate of Net Present Costs indicator. Other
incremental costs (e.g. fish habitat offsetting) are
incremental in terms of the overall NPC.

TMF costs

Fish habitat offsetting
costs

Candidates with lower costs are preferred.

CAPEX, OPEX and closure/reclamation costs are included
in the estimate of Net Present Costs indicator. Other
incremental costs (e.g. fish habitat offsetting) are
incremental in terms of the overall NPC.

TMF costs

Closure and
reclamation costs

Candidates with lower costs are preferred.

CAPEX, OPEX and closure/reclamation costs are included
in the estimate of Net Present Costs indicator. Other
incremental costs (e.g. fish habitat offsetting) are
incremental in terms of the overall NPC.

Candidates with a lower overall dam factor will
have less energy associated with a breach and
result in less impact to the downstream
environment, and are preferred.

This indicator was deleted because it is not differentiating.
During a fair-weather failure scenario, the dam factor will
be the same for all candidates.

Consequences of Dam Failure Account
Fair weather
failure

Dam factor
(operations)
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Appendix J
Comprehensive MAA Ledger

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

Casino Project - Multiple Accounts Ledger - TECHNICAL ACCOUNT
Sub-Account
Indicator
Rationale
Parameter
Operational Risk
Complexity of mine
Candidates with shorter distances to transport Qualitative scale
waste transport
waste rock from the pit to the TMF, shorter
distances to transport tailings and reclaim
water between the mill to the TMF, and less
elevation difference between the mill and TMF
have lower operational risks, and are preferred.

Operational Risk

Unit
n/a

MC-25
Waste rock will be transported
4.5 km. Tailings will be
thickened slurry. Tailings and
reclaim water will be
transported 6 km with an
elevation change of 150 m.
Considering this, MC-25 is
expected to have a moderatelow complexity of mine waste
transport.

LC-25
Waste rock will be transported
9.5 km. Tailings will be
thickened slurry. Tailings and
reclaim water will be
transported 11.5 km with an
elevation change of 300 m.
Considering this, LC-25 is
expected to have a moderate
complexity of mine waste
transport.

Low complexity:
- No planned water diversions;
- seepage pumpback
downstream of TMF;
- Yukon River pumping system.

Moderate complexity:
- some surface water diversions
to minimize annual surplus;
- seepage pumpback
downstream of TMF;
- may still need Yukon River
pumping system if size of
process water pond is too large
to manage annual inflows;
- likely need to release (and
potentially treat) surplus water.

Characterization
MC-28
Waste rock will be transported
4.5 km. Tailings will be
thickened slurry. Tailings and
reclaim water will be
transported 6 km with an
elevation change of 150 m.
Considering this, MC-25 is
expected to have a moderatelow complexity of mine waste
transport.

SCORING: 1 (worst) to 6 (best)
Scale
1 High complexity
2 Moderate-high complexity
3 Moderate complexity
4 Low-Moderate complexity
5 Low complexity
6 Simple

LC-28
Waste rock will be transported
9.5 km. Tailings will be
thickened slurry. Tailings and
reclaim water will be
transported 11.5 km with an
elevation change of 300 m.
Considering this, LC-25 is
expected to have a moderate
complexity of mine waste
transport.

LC-34
Waste rock will be transported
9.0 km. Tailings will include a
combination of thickened slurry
and mechanically filtered.
Tailings and reclaim water will
be transported 10.5 km with an
elevation change of 285 m. LC34 has added complexity due to
transport and placement for the
filtered tailings. Considering this,
LC-34 is expected to have
moderate-high complexity of
mine waste transport.

MC-25
4

LC-25
3

MC-28
4

LC-28
3

LC-34
2

Low complexity:
- No planned water diversions;
- seepage pumpback
downstream of TMF;
- Yukon River pumping system.

Moderate complexity:
- some surface water diversions
to minimize annual surplus;
- seepage pumpback
downstream of TMF;
- may still need Yukon River
pumping system if size of
process water pond is too large
to manage annual inflows;
- likely need to release (and
potentially treat) surplus water.

Moderate-high compolexity
- some surface water diversions
to minimize annual surplus;
- seepage pumpback
downstream of TMF;
- surface water management of
filtered stack;
- may still need Yukon River
pumping system if size of
process water pond is too large
to manage annual infolws;
- likely need to release (and
potentially treat) surplus water.

1 High complexity
2
3
4
5
6

Moderate-high complexity
Moderate complexity
Low-Moderate complexity
Low complexity
Simple

5

3

5

3

2

Low-moderate complexity
• Flooded closure cover results
in less effort to shape and
maintain NAG tailings cover to
convey drainage to spillway
• Less erosion expected due to
smaller area of exposed NAG
tailings (6 Mm2).

Low-moderate complexity
• Flooded closure cover results
in less effort to shape and
maintain NAG tailings cover to
convey drainage to spillway
• Less erosion expected due to
smaller area of exposed NAG
tailings (7.3 Mm2).

Moderate complexity
• Flooded closure cover results
in less effort to shape and
maintain NAG tailings cover to
convey drainage to spillway
• Less erosion expected due to
larger area of exposed NAG
tailings (7.5 Mm2). However,
stack provides increased
opportunity for erosion
potential.

1
2
3
4
5
6

High complexity
Moderate-high complexity
Moderate complexity
Low-Moderate complexity
Low complexity
Simple

3

2

4

4

3

Complexity of
operational water
management

Candidates with less complex operational water Qualitative scale
management plans (including diversions and
seepage management) are preferred.

n/a

Operational Risk

Complexity of closure
cover

Candidates with less complex closure cover are
preferred.

Qualitative scale

n/a

Moderate complexity
• Saturated closure cover results
in more effort to shape and
maintain NAG tailings cover to
convey drainage to spillway
• More erosion expected due to
larger area of exposed NAG
tailings (11.7 Mm2).

Moderate-high complexity
• Saturated closure cover results
in more effort to shape and
maintain NAG tailings cover to
convey drainage to spillway
• More erosion expected due to
larger area of exposed NAG
tailings (15.4 Mm2).

Operational Risk

Complexity of
embankment structure

Candidates with smaller and less complex
embankment structure (height x crest length)
are preferred

Embankment
height x crest
length

m2

712,500
(285 m x 2,500 m)

384,000
(200 m x 1,920 m)

712,500
(285 m x 2,500 m)

384,000
(200 m x 1,920 m)

538,125
(205 m x 2,625 m)

1
2
3
4
5
6

Higher than 1,000,000
800,000 to 999,000
600,000 to 799,000
400,000 to 599,000
200,000 to 399,000
Less than 200,000

3

5

3

5

4

Geochemical stability

ARD mitigation
ARD mitigation will be more challenging and
challenges (operations) present greater risk if larger areas of PAG
materials are exposed. Candidates with smaller
areas of exposed PAG materials, over the mine
life, are preferred.

Maximum PAG
surface area (i.e.
Year 22)

ha

574 ha

813 ha

574 ha

813 ha

675 ha

1
2
3
4
5
6

1,600 or more
1,200 to 1,599 ha
800 to 1,199 ha
400 to 799 ha
1 to 399 ha
0 ha (no exposed PAG surface area)

4

3

4

3

4

Geochemical stability

ARD mitigation
challenges (postclosure)

Height of phreatic
surface over PAG
materials

m

1.0 m

1.0 m

3.5 m

3.5 m

3.5 m

1
2
3
4
5
6

0.6 m or less
0.7 m to 1.2 m
1.3 m to 1.8 m
1.9 m to 2.4 m
2.5 m to 3.0 m
3.1 m or greater

2

2

6

6

6

Candidates with greater thickness of water
cover over PAG materials are more resilient to
changes in water balance, and are preferred.
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Casino Project - Multiple Accounts Ledger - TECHNICAL ACCOUNT
Sub-Account
Indicator
Rationale
Geochemical stability Metal leaching potential Candidates with lower degree of neutral-pH
(operations)
metal leaching during operations, assuming
successful design implementation, are
preferred. The degree of metal leaching is
assumed to be proportional to overall surface
area.
Geochemical stability

Geochemical stability

Water management

Water management

Water management

Water management

Unit
ha

MC-25
1,172 ha

LC-25
1,540 ha

Characterization
MC-28
1,172 ha

LC-28
1,540 ha

LC-34
1,428

Metal leaching potential Candidates with lower degree of neutral-pH
Unsaturated NAG
(post-closure)
metal leaching during post-closure, assuming
tailings surface
successful design implementation, are
area
preferred. Neutral ML potential is assumed to
be proportional to the area of unsaturated NAG
tailings exposed at surface.

ha

1,172 ha

1,540 ha

601 ha

727 ha

753 ha

Adaptability of ML/ARD Candidates that are more adaptable for
Surface area of
mitigation strategy for ML/ARD management in the event of early
PAG waste rock
early closure
closure (based on ability to effectively saturate above NAG tailings
PAG materials) are preferred.
(Year 10 and
downstream of
SHCF)

ha

Control of operational
water balance

Candidates with greater control of water
balance are preferred.

Qualitative scale

n/a

Complexity of
underdrain system

Candidates with less complex foundation
drainage requirements are preferred.

Qualitative scale

Complexity of postclosure water
management

Candidates with less complex post-closure
water management are preferred.

Ability to implement
active water treatment
(post-closure)

If water treatment is required, candidates that
minimize volumes of contact water are
preferred.

Physical stability

Extent of foundation for Candidates with smaller areas of excavation
dam(s)/stacks
and surface disturbance, as required for
construction and expansion of foundations over
the life of mine, are preferred.

Physical stability

Enhanced stability (post- Candidates with a buttress/stack downstream
closure)
of the dam have enhanced stability and are
preferred.

Parameter
TMF surface area

Qualitative scale

SCORING: 1 (worst) to 6 (best)
Scale
1 1,600 or more
2 1,200 to 1,599 ha
3 800 to 1,199 ha
4 400 to 799 ha
5 1 to 399 ha
6 0 ha (no exposed PAG surface area)
1 1,600 or more
2
3
4
5
6

24 ha

28 ha

24 ha

28 ha

33 ha

n/a

n/a

Water surplus expected;
requirement for Yukon River
may still exist, if water storage
volume too great; operational
treat and release expected and
therefore less preferred.

Water surplus exists;
requirement for Yukon River to
provide make-up water; no
operational surplus expected
and therefore preferred.

Water surplus expected;
requirement for Yukon River
may still exist, if water storage
volume too great; operational
treat and release expected and
therefore less preferred.

Water surplus expected;
requirement for Yukon River
may still exist, if water storage
volume too great; operational
treat and release expected and
therefore less preferred.

1 -

Low complexity: Underdrain
system understood and feasible;
modest amount of alluvial
materials in embankment
foundation.

Moderate complexity:
Underdrain system less
understood but likely feasible;
extensive alluvial materials in
embankment foundations.

Low complexity: Underdrain
system understood and feasible;
modest amount of alluvial
materials in embankment
foundation.

Moderate complexity:
Underdrain system less
understood but likely feasible;
extensive alluvial materials in
embankment foundations.

Moderate-High complexity:
Underdrain system less
understood but likely feasible;
will also be required under
downstream filtered stack;
extensive alluvial material in
foundations.

1 High complexity

Moderate-High complexity
• Flooded closure cover
simplifies surface drainage
across TMF
• Large volume of water to be
managed and released
• Stack requires additional
drainage channels across
surface.

1 High complexity

7 Mm3

Moderate-High complexity
• Saturated cover results in
additional surface drainage
channels across TMF surface
• Large volume of water to be
managed and released.

16 Mm3

Low-Moderate complexity
• Flooded closure cover
simplifies surface drainage
across TMF
• Moderate volume of water to
be managed and released.

6 Mm3

Moderate complexity
• Flooded closure cover
simplifies surface drainage
across TMF
• Large volume of water to be
managed and released .

Volume of contact
water

Mm3

15 Mm3

15 Mm3

Area

ha

158 ha

96 ha

158 ha

96 ha

140 ha

Qualitative scale

n/a

No buttress/stack

No buttress/stack

No buttress/stack

No buttress/stack

Stack is present

LC-28
2

LC-34
2

3

2

4

4

4

5

5

5

5

5

6

2

6

2

2

5

3

5

3

2

3

2

4

3

2

4

2

4

2

2

3

5

3

5

4

1

1

1

1

6

2 Operational surplus expected. Treat and release may be
required.
3 4 5 6 No operational suplus expected.

2 Moderate-high complexity
3 Moderate complexity
4 Low-Moderate complexity
5 Low complexity
6 Simple

2
3
4
5
6

Moderate-high complexity
Moderate complexity
Low-Moderate complexity
Low complexity
Simple

1

More than 20-.0 Mm3

2
3
4
5
6
1
2
3
4
5
6
1

15.0 to 19.9 Mm3
10.0 to 14.9 Mm3
5.0 to 9.9 Mm3
0.1 to 4.9 Mm3
0 Mm3
250 ha or more
200 to 249 ha
150 to 199 ha
100 to 149 ha
50 to 99 ha
Less than 50 ha
No buttress or stack is present

2
3
4
5
6 Buttress or stack is present
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MC-28
3

1,200 to 1,599 ha
800 to 1,199 ha
400 to 799 ha
1 to 399 ha
0 ha (no exposed PAG surface area)

Water surplus exists;
requirement for Yukon River to
provide make-up water; no
operational surplus expected
and therefore preferred.

Moderate complexity
• Saturated cover results in
additional surface drainage
channels across TMF surface
• Moderate volume of water to
be managed and released.

LC-25
2

1,200 to 1,599 ha
800 to 1,199 ha
400 to 799 ha
1 to 399 ha
0 ha (no exposed PAG surface area)

1 1,600 or more
2
3
4
5
6

MC-25
3

Casino Project - Multiple Accounts Ledger - BIOPHYSICAL ACCOUNT

Characterization

Account
Biophysical
Environment

Sub-Account
Air quality

Indicator
Fugitive dust emissions
(TMF surface)

Rationale
Candidates with less potential for fugitive dust
emissions from the surface of the TMF, based
on the area of exposed tailings/cyclone sand
post-closure, will have lower impact to air
quality and are preferred.

Biophysical
Environment

Air quality

TMF hauling distance

Candidates with lower overall trucking distances Tonnes of waste
to/from the TMF (and associated effects of road rock and distance
dust and GHG emissions), considering the total
travelled
waste rock and distance traveled, are preferred.

Biophysical
Environment

Groundwater

Seepage Management
(operations)

Candidates with TMF seepage that is easier to
manage during operations are preferred.

Parameter
Area of exposed
tailings

Qualitative scale

SCORING: 1 (worst) to 6 (best)

Unit
ha

MC-25
1,172 ha

LC-25
1,540 ha

MC-28
601 ha

LC-28
727 ha

LC-34
753 ha

Tonne-km

2,961 tonne-km

6,251 tonne-km

2,961 tonne-km

6,251 tonne-km

5,922 tonne-km

n/a

The alluvial deposit (seepage pathway)
beneath the foundation is estimated to
have a cross-sectional area of 6,000 m2,
resulting in potential to convey a
moderate amount of seepage.
Downstream conditions (slope,
permeability) are somewhat conducive
for promoting seepage to naturally
discharge to surface. Implementing
mitigation measures to collect seepage
at this location seem feasible.

The alluvial deposit (seepage pathway)
beneath the foundation is estimated to
have a cross-sectional area of 30,000
m2, resulting in potential to convey a
moderately high amount of seepage.
Downstream conditions (slope,
permeability) are not conducive for
promoting seepage to naturally
discharge to surface.
Implementing mitigation measures to
collect seepage at this location seem
feasible but require a greater level of
effort.

The alluvial deposit (seepage pathway)
beneath the foundation is estimated to
have a cross-sectional area of 6,000 m2,
resulting in potential to convey a
moderate amount of seepage.
Downstream conditions (slope,
permeability) are somewhat conducive
for promoting seepage to naturally
discharge to surface. Implementing
mitigation measures to collect seepage
at this location seem feasible.

The alluvial deposit (seepage pathway)
beneath the foundation is estimated to
have a cross-sectional area of 30,000
m2, resulting in potential to convey a
moderately high amount of seepage.
Downstream conditions (slope,
permeability) are not conducive for
promoting seepage to naturally
discharge to surface.
Implementing mitigation measures to
collect seepage at this location seem
feasible but require a greater level of
effort.

The alluvial deposit (seepage pathway)
beneath the foundation is estimated to
have a cross-sectional area >30,000 m2.
Water in contact with the stack footprint
may infiltrate the subsurface, creating
additional seepage. Potential to
generate/convey a high amount of
seepage. Downstream conditions (slope,
permeability) are not conducive for
promoting seepage to naturally
discharge to surface.
Implementing mitigation measures to
collect seepage at this location may be
challenging.

Scale
1
2
3
4
5
6
1

1,600 or more
1,200 to 1,599
800 to 1,199
400 to 799
1 to 399
0
10,000 or more

2
3
4
5
6

8,000 to 9,999
6,000 to 7,999
4,000 to 5,999
2,000 to 3,999
Less than 2,000

1 Potential for high overall seepage from the facility;
implementing mitigation measures is likely challenging

MC-25
3

LC-25
2

MC-28
4

LC-28
4

LC-34
4

5

3

5

3

4

4

3

4

3

1

5

4

4

3

2

2 Potential for high overall seepage from the facility;
implementing mitigation measures feasible but require
greater level of effort
3 Potential for moderately high overall seepage from the
facility; implementing mitigation measures feasible but
require greater level of effort
4 Potential for moderate overall seepage from the facility,
implementing mitigation measures feasible
5 Potential for moderately low overall seepage from the facility;
implementing mitigation measures feasible (if required)
6 Potential for negligible overall seepage from the facility,
implementing mitigation measures feasible (if required)

Biophysical
Environment

Groundwater

Seepage Management
(post-closure)

Candidates TMF seepage that is easier to
manage during post-closure are preferred.

Qualitative scale

n/a

Dry facility in post-closure potentially
decreases flow through and beneath the
dam. The alluvial deposit (seepage
pathway) beneath the foundation is
estimated to have a cross-sectional area
of 6,000 m2 and has potential to convey
a moderately low amount of seepage.
Downstream conditions (slope,
permeability) are somewhat conducive
for promoting seepage to naturally
discharge to surface. If required,
implementing mitigation measures to
collect seepage at this location seem
feasible.

Dry facility in post-closure potentially
decreases flow through and beneath the
dam. The alluvial deposit (seepage
pathway) beneath the foundation is
estimated to have a cross-sectional area
of 30,000 m2 and has potential to
convey a moderate amount of seepage.
Downstream conditions (slope,
permeability) are not conducive for
promoting seepage to naturally
discharge to surface.
Implementing mitigation measures to
collect seepage at this location seem
feasible.

Presence of a pond in post-closure
potentially increases flow through and
beneath the dam. The alluvial deposit
(seepage pathway) beneath the
foundation is estimated to have a crosssectional area of 6,000 m2 and has
potential to convey a moderate amount
of seepage. Downstream conditions
(slope, permeability) are somewhat
conducive for promoting seepage to
naturally discharge to surface.
Implementing mitigation measures to
collect seepage at this location seem
feasible.

Presence of a pond in post-closure
potentially increases flow through and
beneath the dam. The alluvial deposit
(seepage pathway) beneath the
foundation is estimated to have a crosssectional area of 30,000 m2 and has
potential to convey a moderately high
amount of seepage. Downstream
conditions (slope, permeability) are not
conducive for promoting seepage to
naturally discharge to surface.
Implementing mitigation measures to
collect seepage at this location seem
feasible but require a greater level of
effort.

Presence of a pond in post-closure
potentially increases flow through and
beneath the dam. The alluvial deposit
(seepage pathway) beneath the
foundation is estimated to have a crosssectional area >30,000 m2. Water in
contact with the stack footprint may
infiltrate the subsurface, creating
additional seepage. Potential to
generate a moderately high amount of
seepage. Downstream conditions (slope,
permeability) are not conducive for
promoting seepage to naturally
discharge to surface.
Implementing mitigation measures to
collect seepage at this location may be
challenging.

Biophysical
Environment

Surface water
quality

Degradation of
downstream water
quality (operations)

Candidates with less potential to degrade
downstream surface water quality during
operations are preferred.

Qualitative scale

n/a

No discharge during operations

Potential discharge of treated water

No discharge during operations

Potential discharge of treated water

Potential discharge of treated water

Biophysical
Environment

Surface water
quality

Degradation of
downstream water
quality (post-closure)

Candidates with less potential for loading
released to downstream surface water, postclosure, are preferred.

Qualitative scale

n/a

The seepage pathway (alluvial deposit)
is estimated to be smaller (200 m x 30 m
= 6,000 m2) and so can carry a
moderately-low amount of flow and
hence lower loading. Downstream
conditions (slope, permeability, distance
from Dip Creek) are more conducive to
recovering seepage so it can be treated.

The seepage pathway (alluvial deposit)
is estimated to be larger (30,000 m2)
and hence capable of conveying
moderate amount of flow, and hence
higher loading. Downstream conditions
(slope, permeability, distance from Dip
Creek) are less conducive for recovering
seepage so it can be treated, such that
more loading is likely to reach Dip Creek
(either with or without wetland
treatment).

The seepage pathway (alluvial deposit)
is estimated to be smaller (200 m x 30
m = 6,000 m2) and so can carry a
moderately-low amount of flow and
hence lower loading. Downstream
conditions (slope, permeability, distance
from Dip Creek)) are more conducive to
recovering seepage so it can be treated

The seepage pathway (alluvial deposit)
is estimated to be larger (30,000 m2)
and hence capable of conveying
moderate amount of flow, and hence
higher loading. Downstream conditions
(slope, permeability, distance from Dip
Creek) are less conducive for recovering
seepage so it can be treated, such that
more loading is likely to reach Dip Creek
(either with or without wetland
treatment).

The seepage pathway (alluvial deposit)
is estimated to be larger (>30,000 m2)
and hence capable of conveying a
moderately high amount of flow, and
hence loading. Downstream conditions
(slope, permeability, distance from Dip
Creek) are less conducive for recovering
seepage so it can be treated, such that
more loading is likely to reach Dip Creek
(either with or without wetland
treatment).

Biophysical
Environment

Surface water
quality

TMF wetland
requirements (postclosure)

Candidates with more available area for passive
water treatment are preferred.

Area

ha

82 ha

22 ha

82 ha

22 ha

<10 ha

Biophysical
Environment

Fish and aquatic
habitat

Extent of fish habitat
loss (direct)

Candidates that minimize the loss of fish
habitat are preferred.

Habitat area
affected

ha

2.9 ha

7.8 ha

2.9 ha

7.8 ha

7.8 ha

Page 1 of 2

1 Potential for high overall seepage from the facility;
implementing mitigation measures is likely challenging
2 Potential for moderately high overall seepage from the
facility; implementing mitigation measures is likely challenging
3 Potential for moderately high overall seepage from the
facility; implementing mitigation measures feasible but
require greater level of effort
4 Potential for moderate overall seepage from the facility,
implementing mitigation measures feasible
5 Potential for moderately low overall seepage from the facility;
implementing mitigation measures feasible (if required)
6 Potential for negligible overall seepage from the facility,
implementing mitigation measures feasible (if required)

1
2
3
4
5
6
1
2
3
4
5
6

6
Potential discharge of treated water
No discharge during operations
Extreme loading to Dip Creek (i.e., observed toxic effects)
4
High loading to Dip Creek (i.e., WQ >10x CCME)
Moderate loading to Dip Creek (i.e., WQ <10x CCME)
Low loading to Dip Creek (i.e., WQ <2x CCME)
Minor loading to Dip Creek (i.e., WQ <80% CCME)
Negligible loading to Dip Creek (i.e., WQ within 20% of median baseline)

5

5

5

5

3

4

3

2

1
2
3
4
5
6
1
2
3
4
5
6

Less than 20 ha
20 to 29 ha
30 to 39 ha
40 to 49 ha
50 to 59 ha
60 ha or more
12.0 ha or more
9.0 ha to 11.9 ha
6.0 ha to 8.9 ha
3.0 ha to 5.9 ha
0.1 ha to 2.9 ha
No overlap with fish habitat (0 ha)

6

2

6

2

1

4

3

4

3

3
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Characterization

SCORING: 1 (worst) to 6 (best)

Account
Biophysical
Environment

Sub-Account
Fish and aquatic
habitat

Indicator
Quality of lost fish
habitat (direct)

Rationale
Candidates that avoid or minimize impacts to
critical or important fish habitat (i.e., migration
routes, spawning and/or overwintering areas)
are preferred.

Parameter
Qualitative Scale

Unit
Count

MC-25
Casino Creek within the footprint of MC25 has poor quality habitat with several
medium gradient flow-regulated barriers
in the upper section that hinder fish
migration into the area. Overall, habitat
is rated as marginal.

LC-25
Casino Creek within the footprint of LC25 has poor quality habitat in the upper
section (overlaps with MC footprint), but
higher quality habitat is available in the
lower section. Brynelson Creek
(tributary) also contains higher quality
habitat. Overall, habitat is rated as
important.

MC-28
Casino Creek within the footprint of MC28 has poor quality habitat with several
medium gradient flow-regulated barriers
in the upper section that hinder fish
migration into the area. Overall, habitat
is rated as marginal.

LC-28
Casino Creek within the footprint of LC28 has poor quality habitat in the upper
section (overlaps with MC footprint), but
higher quality habitat is available in the
lower section. Brynelson Creek
(tributary) also contains higher quality
habitat. Overall, habitat is rated as
important.

LC-34
Casino Creek within the footprint of LC34 has poor quality habitat in the upper
section (overlaps with MC footprint), but
higher quality habitat is available in the
lower section. Brynelson Creek
(tributary) also contains higher quality
habitat. Overall, habitat is rated as
important.

Biophysical
Environment

Fish and aquatic
habitat

Changes to surface
water hydrology
(operations)

Candidates that minimize changes to surface
water hydrology during operations, and
therefore maintain downstream fish habitat
(measured at Dip Creek) closer to baseline
conditions, are preferred.

Loss of flow in Dip
Creek

%

13%

27%

13%

27%

27%

Biophysical
Environment

Fish and aquatic
habitat

Diversity of directly
Candidates that directly impact fewer fish
affected fish community species (i.e., lower diversity) have a smaller
potential impact on biodiversity and are
preferred.

# fish species

Count

Field studies conducted between 2008
and 2013 identifed three species of fish
(Arctic Grayling, burbot, and slimy
sculpin) within the footprint of LC-28.

Field studies conducted between 2008
and 2013 identifed three species of fish
(Arctic Grayling, burbot, and slimy
sculpin) within the footprint of LC-34.

Biophysical
Environment

Fish and aquatic
habitat

Diversity of directly
Candidates that directly affect less diverse
affected benthic
benthic ecosystems are preferred.
invertebrate community

Taxa richness

Number of
taxa

9
(n=3 sites)

14
(n=5)

9
(n=3 sites)

14
(n=5)

14
(n=5)

Biophysical
Environment

Terrestrial habitat

Direct loss of wetlands

Wetland area
affected

ha

0 ha

1 ha

0 ha

1 ha

3 ha

Biophysical
Environment

Terrestrial habitat

Risk of metals uptake to Candidates that minimize uptake of metals
wildlife (plant-based)
through vegetation, post-closure, are preferred.
Risk of metal uptake is expected to be reduced
with smaller TMF revegetated surface area.

Area of
revegetated
surface

ha

1,172 ha

1,540 ha

601 ha

727 ha

753 ha

Biophysical
Environment

Terrestrial habitat

Risk of metals uptake to Candidates that minimize uptake of metals
wildlife (water-based)
through water, post-closure, are preferred. Risk
of metal uptake is expected to be reduced with
smaller post-closure pond area

Area of open
water

ha

Pond: 0 ha
Stream: 0.03 ha (300 m x 1 m)

Pond: 0 ha
Stream: 0.15 ha (1,500 m x 1 m)

Pond: 571 ha
Stream: 0.03 ha (300 m x 1 m)

Pond: 813 ha
Stream: 0.15 ha (1,500 m x 1 m)

Pond: 675 ha
Stream: 0.15 ha (1,500 m x 1 m)

Candidates that avoid or minimize the loss of
wetland habitat are preferred.

Field studies conducted between 2008
and 2013 identifed one species of fish
(Arctic Grayling) within the footprint of
MC-25.

Field studies conducted between 2008
and 2013 identifed three species of fish
(Arctic Grayling, burbot, and slimy
sculpin) within the footprint of LC-25.

Field studies conducted between 2008
and 2013 identifed one species of fish
(Arctic Grayling) within the footprint of
MC-28.

Page 2 of 2

Scale

MC-25
6

LC-25
3

MC-28
6

LC-28
3

LC-34
3

More than 70%
56 to 70%
41 to 55%
26 to 40%
10 to 25%
Less than 10%
5 species present
4 species present
3 species present
2 species present
1 species present
No species present
25 or more taxa
20 to 24 taxa
15 to 19 taxa
10 to 14 taxa
5 to 9 taxa
Less than 5 taxa
10 or more
8 to 9
6 to 7
4 to 5 ha
2 to 3 ha
0 to 1 ha
2,501 ha or more
2,001 ha to 2,500 ha
1,501 to 2,000 ha
1,001 to 1,500 ha
501 to 1,000 ha
Less than 500 ha

5

4

5

4

4

5

3

5

3

3

5

4

5

4

4

6

6

6

6

5

4

3

5

5

5

2,501 ha or more
2,001 ha to 2,500 ha
1,501 to 2,000 ha
1,001 to 1,500 ha
501 to 1,000 ha
Less than 500 ha

6

6

5

5

5

1
2
3
4
5
6

Critical habitat
Important habitat
Marginal habitat

1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6

Account

Casino Project - Multiple Accounts Ledger - HUMAN ACCOUNT
Sub-Account
Indicator
Rationale

Human
Environment

Archaeology and
cultural heritage

Disturbance to
known
archaeological
site(s)

Candidates with no impacts to
known archaeological sites, or
impacts to fewer sites, are
preferred.

Human
Environment

Archaeology and
cultural heritage

Human
Environment

First Nations'
Interests

Characterization
MC-28

Parameter

Unit

Number of sites
(Heritage Sites
Summary Report)

#

There are zero known archaeological sites
within the MC-25 footprint.

There are two known archaeological sites
within the LC-25 footprint.

There are zero known archaeological sites
within the footprint of MC-28.

There are two known archaeological sites
within the LC-28 footprint.

There are two known archaeological sites
within the LC-34 footprint.

Disturbance to
historic sites

Candidates with no impacts to
Number of sites
known historic sites, or impacts
(Heritage Sites
to fewer sites, are preferred.
Summary Report)

#

The two historical sites identified within the
MC-25 footprint include a partly obliterated
log cabin associated with Euro-Canadian or
historic Native hunting and trapping dating
between 1910 and the early 1940s, and a
second partially collapsed cabin dating to
1936.

The three historical sites identified within
the LC-25 footprint include a partially
collapsed log cabin dating to before 1936, a
corner of a log cabin dating to late 19th or
early 20th century, and an ethno-historic
hide working frame piece.

The two historical sites identified within the
MC-28 footprint include a partly obliterated
log cabin associated with Euro-Canadian or
historic Native hunting and trapping dating
between 1910 and the early 1940s, and a
second partially collapsed cabin dating to
1936.

The three historical sites identified within
the LC-28 footprint include a partially
collapsed log cabin dating to before 1936, a
corner of a log cabin dating to late 19th or
early 20th century, and an ethno-historic
hide working frame piece.

The three historical sites identified within
the LC-34 footprint include a partially
collapsed log cabin dating to before 1936, a
corner of a log cabin dating to late 19th or
early 20th century, and an ethno-historic
hide working frame piece.

Cultural and/or
spiritual
relationship to the
environment

Candidates that result in less
disruption to the spiritual and
emotional well-being of First
Nations, based on real and
perceived effects, are
preferred.

n/a

Small-to-moderate, irreparable impact:
- MC-25 has the smallest footprint at closure
(1,172 ha). A smaller footprint is more
desireable.
- Affected First Nations have indicated that a
surface water pond at closure would cause
greater disruption to spiritual and emotional
wellbeing and relationship to the land; MC25 does not include a pond at closure.
- Dip Creek is 4.6 km from the TMF. Due to
this distance, MC-25 is expected to have a
relatively low impact on traditional travelling
routes in the Dip Creek valley.

Moderate-to-major, irreparable impact:
- LC-25 has a larger footprint at closure
(1,540 ha). The larger footprint is less
desirable.
- Affected First Nations have indicated that a
surface water pond at closure would cause
greater disruption to spiritual and emotional
wellbeing and relationship to the land; LC-25
does not include a pond at closure.
- Dip Creek is 0.7 km from the TMF. Due to
this distance, LC-25 has a moderate potential
impact on traditional travelling routes in Dip
Creek Valley.

Moderate, irreparable impact:
- MC-28 has the smallest footprint at closure
(1,172 ha). A smaller footprint is more
desirable.
- Affected First Nations have indicated that a
surface water pond at closure would cause
greater disruption to spiritual and emotional
wellbeing and relationship to the land; MC28 does include a pond at closure.
- Dip Creek is 4.6 km from the TMF. Due to
this distance, MC-28 is expected to have a
relatively low impact on traditional travelling
routes in the Dip Creek valley.

Moderate-to-major, irreparable impact:
- LC-28 has a larger footprint at closure
(1,540 ha). The larger footprint is less
desirable.
- Affected First Nations have indicated that a
surface water pond at closure would cause
greater disruption to spiritual and emotional
wellbeing and relationship to the land; LC-25
does include a pond at closure.
- Dip Creek is 0.7 km from the TMF. Due to
this distance, LC-28 has a moderate potential
impact on traditional travelling routes in Dip
Creek Valley.

Moderate-to-major, irreparable impact:
- LC-34 has a larger footprint at closure
(1,428 ha). The larger footprint is less
desirable.
- Affected First Nations have indicated that a
surface water pond at closure would cause
greater disruption to spiritual and emotional
wellbeing and relationship to the land; LC-25
does include a pond at closure.
- Dip Creek is 0.7 km from the TMF. Due to
this distance, LC-28 has a major potential
impact on traditional travelling routes in Dip
Creek Valley.

Qualitative scale

MC-25

LC-25

LC-28

LC-34

Scale
1
2
3
4
5
6
1
2
3
4
5
6

SCORING: 1 (worst) to 6 (best)
MC-25

5+ known archaeological sites within the footprint
4 known archaeological sites within the footprint
3 known archaeological sites are within the footprint
2 known archaeological sites within the footprint
1 known archaeological site within the footprint
No known archaeological sites in the footprint
5+ known historic sites within the footprint
4 known historic sites within the footprint
3 known historic sites within the footprint
2 known historic sites within the footprint
1 known historic site within the footprint
No known historic sites within the footprint

1 May result in a major and irreparable impact on spiritual or
emotional wellbeing, or relationship to the environment.

LC-25

MC-28

LC-28

LC-34

6

4

6

4

4

4

3

4

3

3

4

2

3

2

2

4

2

3

2

2

2 May result in a moderate-to-major and irreparable impact on
spiritual or emotional wellbeing, or relationship to the
environment.
3 May result in a moderate and irreparable impact on spiritual
or emotional wellbeing, or relationship to the environment.
4 May result in a small-to-moderate and irreparable impact on
spiritual or emotional wellbeing, or relationship to the
environment.
5 May result in a small but noticeable impact on spiritual or
emotional wellbeing, or relationship to the environment.
6 No significant disruption to spiritual or emotional wellbeing, or
relationship to the environment, is expected.

Human
Environment

First Nations'
Interests

Effect on First
Nations' ability to
pursue land use
and cultural
activities

Candidates with less potential
to impact First Nations’ ability
to pursue land use and cultural
activities, based on real and
perceived impacts, are
preferred.

Qualitative scale

n/a

Based on the footprint area, lack of pond at Based on the footprint area, lack of pond at
Based on the footprint area, presence of
Based on the footprint area, presence of
Based on the footprint area, presence of
closure, and distance to Dip Creek travelling closure, and proximity to Dip Creek travelling pond at closure, and distance to Dip Creek pond at closure, and proximity to Dip Creek pond at closure, and close proximity to Dip
routes, MC-25 is expected to have a small-toroutes, LC-25 is expected to have a
travelling routes, MC-28 is expected to have travelling routes, LC-28 is expected to have a Creek travelling routes, LC-34 is expected to
moderate potential impact on First Nations moderate-to-major potential impact on First a moderate potential impact on First Nations moderate-to-major potential impact on First have a moderate-to-major potential impact
land use and cultural activities.
Nations land use and cultural activities.
land use and cultural activities.
Nations land use and cultural activities.
on First Nations land use and cultural
activities.

1 May result in a major and irreparable impact to First Nations'
land use and cultural activities.

First Nations expect that, based on the
potential dust impacts, overall sensory
disturbance for land users will be be
moderately high.

First Nations expect that, based on the
potential dust impacts, overall sensory
disturbance for land users will be be very
high.

First Nations expect that, based on the
potential dust impacts, overall sensory
disturbance for land users will be be high.

First Nations expect that, based on the
potential dust impacts, overall sensory
disturbance for land users will be be very
high.

First Nations expect that, based on the
potential dust impacts, overall sensory
disturbance for land users will be be very
high.

1
2
3
4
5
6

Very high sensory disturbance
High sensory distubance
Moderately high sensory distubance
Moderate sensory disturbance
Moderately low sensory disturbance
Low sensory disturbance

3

1

2

1

1

1
2
3
4
5
6
1
2
3
4
5
6

Five or more impacted structures
Four impacted structures
Three impacted structures
Two impacted structures
One impacted structure
No impacted structures
Very high sensory disturbance
High sensory distubance
Moderately high sensory distubance
Moderate sensory disturbance
Moderately low sensory disturbance
Low sensory disturbance

6

5

6

5

5

4

3

4

3

3

Human
Environment

First Nations'
Interests

Sensory
Candidates with lower potential Qualitative scale
disturbance (Noise, for sensory disturbance are
visual and dust)
preferred.
during operations

Human
Environment

Recreational and
commercial land
use

Built structures

Candidates with less potential
to impact built structures
(including camps, cabins, and
water wells/withdrawal
infrastructure) are preferred.

Number of
structures

Count

0 impacted structures. MC-25 is not
expected to impact the cabin on northwest
hill slope of Casino Creek.

1 impacted structure. LC-25 is expected to
impact the cabin on northwest hill slope of
Casino Creek.

0 impacted structures. MC-28 is not
expected to impact the cabin on northwest
hill slope of Casino Creek.

1 impacted structure. LC-28 is expected to
impact the cabin on northwest hill slope of
Casino Creek.

1 impacted structure. LC-34 is expected to
impact the cabin on northwest hill slope of
Casino Creek.

Human
Environment

Recreational and
commercial land
use

Sensory
disturbance (Noise,
visual, dust) during
operations

Candidates with less potential
to impact aesthetics (e.g.,
noise, visual) for land users’
enjoyment for land use and
cultural activities are preferred.

Qualitative scale

n/a

Visual quality: footprint of 11.7 Mm2 and
dam height of 285 m. TMF overlaps with
Casino Ck.
Noise and dust (vehicles): TMF is 4.5 km
from the open pit.
Overall sensory disturbance is expected to
be moderate.

Visual quality: footprint of 15.4 Mm2 and
maximum dam height of 200 m. TMF
overlaps with Casino Ck and Brynelson Ck.
Noise and dust (vehicles): TMF is 9.5 km
from the open pit.
Overall sensory disturbance is expected to
be moderately high.

Visual quality: footprint of 11.7 Mm2 and
dam height of 285 m. TMF overlaps with
Casino Ck.
Noise and dust (vehicles): TMF is 4.5 km
from the open pit.
Overall sensory disturbance is expected to
be moderate.

Visual quality: footprint of 15.4 Mm2 and
maximum dam height of 200 m. TMF
overlaps with Casino Ck and Brynelson Ck.
Noise and dust (vehicles): TMF is 9.5 km
from the open pit.
Overall sensory disturbance is expected to
be moderately high.

Visual quality: footprint of 14.3 Mm2 and
maximum dam height of 205 m. TMF
overlaps with Casino Ck and Brynelson Ck.
Noise and dust (vehicles): TMF is 9 km from
the open pit.
Overall sensory disturbance is expected to
be moderately high.

n/a

Page 1 of 2

2 May result in a moderate-to-major and irreparable impact to
First Nations' land use and cultural activities.
3 May result in a moderate and irreparable impact to First
Nations' land use and cultural activities.
4 May result in a minor-to-moderate and irreparable impact to
First Nations' land use and cultural activities.
5 May result in a small but noticeable impact to First Nations'
land use and cultural activities.
6 No significant disruption to First Nations' land use and cultural
activities is expected.

Account
Human
Environment

Casino Project - Multiple Accounts Ledger - HUMAN ACCOUNT
Sub-Account
Indicator
Rationale
End land use

Post-closure
landscape

Candidates that can be
reclaimed to blend in with the
surrounding landscape, are
preferred.

Parameter

Unit

MC-25

LC-25

Characterization
MC-28

LC-28

LC-34

Qualitative scale

n/a

Closure is considered to be more natural if
the embankment height is lower and the
closure pond is smaller, allowing it to blend
in better with the surrounding landscape. //
In MC-25, the tailings surface is revegetated
as well as the downstream face of the
embankment. There are design features in
place to prevent ponding and to encourage
the shedding of runoff water. A wetland area
will be created at the upstream end of the
TMF, which will be unnatural to the area.
The final embankment height is 285m.

Closure is considered to be more natural if
the embankment height is lower and the
closure pond is smaller, allowing it to blend
better with the surrounding landscape. // In
LC-25, the tailings surface is revegetated as
well as the downstream face of the
embankment. There are design features in
place to prevent ponding and to encourage
the shedding of runoff water. A wetland area
will be created at the upstream end of the
TMF, which will be unnatural to the area.
The final embankment height is 200m.

Closure is considered to be more natural if
the embankment height is lower and the
closure pond is smaller, allowing it to blend
better with the surrounding landscape.// In
MC-28, the PAG tailings and waste rock will
be flooded creating a closure pond that will
have a surface are of 5.7 Mm2 and a volume
of 8.4 Mm3. This size and type of water
feature is unnatural to the area. The NAG
tailings and the downstream face of the
embankment will be revegetated. The final
embankment height is 285m.

Closure is considered to be more natural if
the embankment height is lower and the
closure pond is smaller, allowing it to blend
better with the surrounding landscape. //In
LC-28, the PAG tailings and waste rock will
be flooded and the overall surface area of
the pond will be 8.1 Mm2 and the volume
will be 11.9 Mm3. This size and type of water
feature is unnatural to the area. The NAG
tailings and the downstream face of the
embankment will be revegetated. The final
embankment height is 200m.

Closure is considered to be more natural if
the embankment height is lower and the
closure pond is smaller, allowing it to blend
better with the surrounding landscape. // In
LC-34, the PAG tailings and waste rock will
be flooded creating a closure pond that will
have a surface are of 6.8 Mm2 and a volume
of 10 Mm3. This size and type of water
feature is unnatural to the area. The NAG
tailings, filtered stack and exposed cyclone
sand embankments will be revegetated. The
final embankment height is 205m.
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Scale

SCORING: 1 (worst) to 6 (best)
MC-25

1 Closure features that are in stark contrast with natural landscape
2
3
4
5
6

5

LC-25

MC-28

LC-28

LC-34

5

3

3

3

Closure features that are distinct from the natural landscape
Closure features have natural features but do not align with the surrounding natural landscape
Closure features moderately blend in with natural landscape
Closure features highly blend in with natural landscape
Closure features fully blend in with natural landscape

Casino Project - Multiple Accounts Ledger - PROJECT ECONOMICS ACCOUNT
Account
Sub-Account
Indicator
Rationale
Project
TMF economics
Net present cost
Canadidates with a lower
Economics
estimated NPC, as
attributable to the TMF
(including CAPEX and
OPEX, with 8% discount
rate over 22 years
operation), are preferred.

Parameter
Cost range

Unit
$

MC-25
$19,760,442

LC-25
$272,906,028

Characterization
MC-28
$19,554,429

LC-28
$280,699,044

LC-34
$506,598,885

Scale
1 $300 million or more
2 $200 to 300 million
3 $150 to 200 million
4 $100 to 150 million
5 $50 to $100 million
6 Less than $50 million
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SCORING: 1 (worst) to 6 (best)
MC-25
6

LC-25
2

MC-28
6

LC-28
2

LC-34
1

Casino Project - Multiple Accounts Ledger - CONSEQUENCES OF DAM FAILURE ACCOUNT
Account
Sub-Account
Indicator
Rationale
Conseq. of Dam Fair weather failure Volume of water (post- Candidates with smaller volumes of stored
Failure
closure) - fair weather
water will have less outflow volume and result
in less impact to the downstream environment,
and are preferred.

Conseq. of Dam Fair weather failure Dam factor (postFailure
closure) - fair weather

Candidates with a lower overall dam factor will
have less energy associated with a breach and
result in less impact to the downstream
environment, and are preferred.

Conseq. of Dam Fair weather failure Tailings deposition at
Candidates with lower risk of creating a
Failure
Dip Creek - fair weather secondary dam outburst event through the
deposited tailings are preferred.

Characterization
MC-28
8.4 Mm3

Parameter
Volume

Unit
Mm3

MC-25
No stored water post-closure
(0 Mm3)

LC-25
No stored water post-closure
(0 Mm3)

Outflow volume x
dam height above
bottom of breach

Mm3 x m

No surface pond post-closure
(Dam factor = 0)

No surface pond post-closure
(Dam factor = 0)

Qualitative scale

n/a

Majority of tailings deposition is
expected to occur within the Casino
Creek valley; risk of creating a dam
type formation is medium

Majority of tailings deposition is
expected to occur within the Dip
Creek valley; risk of creating a dam
type formation is high

Majority of tailings deposition is
expected to occur within the Casino
Creek valley; risk of creating a dam
type formation is medium

Majority of tailings deposition is
expected to occur within the Dip
Creek valley; risk of creating a dam
type formation is high

Majority of tailings deposition is
expected to occur within the Dip
Creek valley; risk of creating a dam
type formation is high

LC-28
11.9 Mm3

LC-34
10.0 Mm3

8.4 Mm3 x 285 m = 2,394
11.9 Mm3 x 200 m = 2,380 Mm3
10.0 Mm3 x 205 m = 2,050 Mm3
(though likely no discharge of water (though likely no discharge of water (though likely no discharge of water
due to placement of pond and
due to placement of pond and
due to placement of pond)
internal water retaining feature)
internal water retaining feature)

Conseq. of Dam Fair weather failure Secondary impact of
Failure
dam failure (postclosure) - fair weather

Candidates with a lower risk for post-failure
drainage of void water from the waste rock are
preferred. (The assumption is that dam fails
down to the top of the starter embankment.)

Volume of water in
exposed waste
rock

Mm3

8.6 Mm3

6.5 Mm3

8.6 Mm3

6.5 Mm3

12.7 Mm3

Conseq. of Dam Flood-induced
Failure
failure

Volume of water (postclosure) - flood induced

Candidates with smaller volumes of stored
water plus IDF will have less outflow volume and
result in less impact to the downstream
environment, and are preferred. .

Volume

Mm3

13.4 Mm3

28.6 Mm3

21.8 Mm3

40.5 Mm3

38.6 Mm3

Conseq. of Dam Flood-induced
Failure
failure

Dam factor (operations) - Candidates with a lower overall dam factor will
flood induced
have less energy associated with a breach and
result in less impact to the downstream
environment, and are preferred.

Outflow volume x
dam height above
bottom of breach

Mm3 x m

(5+13.4) Mm3 x 285 m = 5,244
(5+28.6)Mm3 x 200 m = 6,720
(5+13.4) Mm3 x 285 m = 5,244
(5+28.6)Mm3 x 200 m = 6,720
(5+28.6)Mm3 x 205 m = 6,888
operating pond volume of 5 Mm3 (operating pond volume of 5 Mm3 operating pond volume of 5 Mm3 (operating pond volume of 5 Mm3 (operating pond volume of 5 Mm3
added to PMF volume of 13.4 Mm3) added to PMF volume of 28.6 Mm3) added to PMF volume of 13.4 Mm3) added to PMF volume of 28.6 Mm3) added to PMF volume of 28.6 Mm3)

Conseq. of Dam Flood-induced
Failure
failure

Dam factor (postclosure) - flood induced

Candidates with a lower overall dam factor will
have less energy associated with a breach and
result in less impact to the downstream
environment, and are preferred.

Outflow volume x
dam height above
bottom of breach

Mm3 x m

(0+13.4) Mm3 x 285 m = 3,819
(0+28.6) Mm3 x 200 m = 5,720
(8.4+13.4) Mm3 x 285 m = 6,213
(11.9+28.6) Mm3 x 200 m = 8,100
(10+28.6) Mm3 x 205 m = 7,913
(closure pond volume of 0 Mm2
(closure pond volume of 0 Mm3
(closure pond volume of 8.4 Mm2 (closure pond volume of 11.9 Mm3 (closure pond volume of 10 Mm3
added to PMF volume of 13.4 Mm3) added to PMF volume of 28.6 Mm3) added to PMF volume of 13.4 Mm3) added to PMF volume of 28.6 Mm3) added to PMF volume of 28.6 Mm3)

Conseq. of Dam Flood-induced
Failure
failure

Tailings deposition at
Dip Creek - flood
induced

Candidates with lower risk of creating a
secondary dam outburst event through the
deposited tailings are preferred.

Qualitative scale

n/a

Majority of tailings deposition is
expected to occur within the Casino
Creek valley; risk of creating a dam
type formation is medium

Majority of tailings deposition is
expected to occur within the Dip
Creek valley; risk of creating a dam
type formation is high

Majority of tailings deposition is
expected to occur within the Casino
Creek valley; risk of creating a dam
type formation is medium

Majority of tailings deposition is
expected to occur within the Dip
Creek valley; risk of creating a dam
type formation is high

Majority of tailings deposition is
expected to occur within the Dip
Creek valley; risk of creating a dam
type formation is high

Conseq. of Dam Flood-induced
Failure
failure

Secondary impact of
dam failure (postclosure) - flood induced

Candidates with a lower risk for post failure
drainage of void water from the waste rock are
preferred. (The assumption is that dam fails
down to the foundation.)

Volume of water in
exposed waste
rock

Mm3

10.0 Mm3

7.0 Mm3

10.0 Mm3

7.0 Mm3

14.6 Mm3

Page 1 of 1

1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6

SCORING: 1 (worst) to 6 (best)
Scale
MC-25
40.1 Mm3 or more
6
30.1 to 40.0 Mm3
20.1 to 30.0 Mm3
10.1 to 20.0 Mm3
0.1 to 10.0 Mm3
No stored water (0 Mm3)
7,000 Mm3 or more
6
5,500 to 6,999 Mm3
4,000 to 5,499 Mm3
100 to 3,999 Mm3
0 to 99 (no to minimal discharge of pond water)
High
3
Medium
Low
10.1 Mm3 or more
2
7.6 to 10.0 Mm3
5.1 to 7.5 Mm3
2.6 to 5.0 Mm3
0.1 to 2.5 Mm3
0 Mm3
40.1 Mm3 or more
4
30.1 to 40.0 Mm3
20.1 to 30.0 Mm3
10.1 to 20.0 Mm3
0.1 to 10.0 Mm3
No stored water (0 Mm3)
7,000 Mm3 or more
3
5,500 to 6,999 Mm3
4,000 to 5,499 Mm3
100 to 3,999 Mm3
0 to 99 (no to minimal discharge of pond water)
7,000 Mm3 or more
4
5,500 to 6,999 Mm3
4,000 to 5,499 Mm3
100 to 3,999 Mm3
0 to 99 (no to minimal discharge of pond water)
High
3
Medium
Low
10.1 Mm3 or more
2
7.6 to 10.0 Mm3
5.1 to 7.5 Mm3
2.6 to 5.0 Mm3
0.1 to 2.5 Mm3
0 Mm3

LC-25
6

MC-28
5

LC-28
4

LC-34
5

6

4

4

4

1

3

1

1

3

2

3

1

3

3

1

2

2

3

2

2

2

2

1

1

1

3

1

1

3

2

3

1

Appendix K
FMEA Risk Register

CASINO MINE PROJECT
BAT Study for Tailings and Waste Rock Management

TABLE 1
CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT
FAILURE MODES EFFECTS ANALYSIS
LIKELIHOOD CLASSIFICATION
Print Aug/19/18 23:07:20

Likelihood
Rating

Descriptor

Frequency

1

Very Rare

Highly confident; have
good data to support
predictions

Highly unlikely, but it may occur in exceptional
circumstances. It could happen, but probably
never will.

Less than 1 event per 10,000
years

2

Unlikely

Confident

Not expected, but there is a slight possibility it
may occur at some time.

Less than 1 event per 1000
years

3

Possible

Moderately confident

The event might occur at some time as there
has been a similar event in the last couple
decades at similar facilities.

Less than 1 event per 100
years

4

Likely

Low confidence

There is a strong possibility the event will occur,
as occurrences in similar facilities are not
uncommon.

Less than 1 event per 20
years (i.e. within mine life)

There is a history of regular occurrence in
similar facilities.

1 event per year

Very low confidence; do
Almost Certain not have necessary data
to support predictions

5
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H
REV

19AUG'18
DATE

ISSUED FOR INFORMATION
DESCRIPTION

GIM
PREP'D

GLS
RVW'D

TABLE 2
CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT
FAILURE MODES EFFECTS ANALYSIS
CONSEQUENCE CLASSIFICATION
Print Aug/19/18 23:08:46

Environment
Consequence
Score

1

2

3

4

5

Descriptor

Negligible

Minor

Magnitude

Geographical Extent

Effect is contained within previously
disturbed areas with no significant loss
or deterioration of fish or wildlife
habitat.

Effects are contained
within the TMF

Loss of marginal habitat but no
significant loss or deterioration of fish
or wildlife habitat. In-kind habitat
restoration or compensation is very
possible.

Serious

Significant loss or deterioration of fish
or wildlife habitat. In-kind habitat
restoration or compensation is very
possible.

Critical

Significant loss or deterioration of
critical fish or wildlife habitat. In-kind
habitat restoration or compensation is
difficult and success may vary.

Major, significant loss of critical fish or
wildlife habitat. In-kind habitat
Catastrophic
restoration or compensation is
impossible.

Health and Safety
Duration

Days:
Baseline conditions will be reMinor Injuries or
established in a few days with
near miss
standard reclamation / restoration
measures.

Weeks:
Effects are contained
Habitat function can be
within Casino mine site
reestablished within a few weeks
footprint
to months.

Effects are contained
within Casino Creek
watershed

Months:
Habitat function can be
reestablished within a year

Years:
Effects reach Dip Creek Habitat function is expected to be
re-established within a few years

Permanent:
Effects reach Klotassin
Habitat function can not be reRiver
established.

M:\1\01\00325\26\A\Correspondence\Outgoing\2018.08.19 - FMEA Risk Registar - Rev H\[Casino FMEA Rating Tables - Rev H (August 19_2018).xlsx]Consequence

NOTES:
1. Highlighted cells sourced from "Identification of BAT Candidates and Critical Flaw Assessment" (ERM, 22SEP'17, DRAFT) Table 4-3 "Definitions of Consequence".

H
REV

19AUG'18
DATE

ISSUED FOR INFORMATION
DESCRIPTION

GIM
PREP'D

GLS
RVW'D

Human Safety

First aid case

Population at
Risk

None

Irregular land
users, no
residents

Significant injury
resulting in lost
time

Regular land
users, no
residents

Serious injuries
resulting in
extended loss
time

Frequent land
users, no
residents

Single or multiple Populated area
fatalities or injury with permanent
resulting
residents

Economic Impact
Production
Delay

<1 day

1 day to 1 week

1 week to 1
month

1 month to 6
months

>6 months

Financial Costs Financial Costs
(C-O-CL)
(PC)

<$0.5M

$0.5M - $5M

$5M - $25M

$25M - $100M

>$100 M

Human Use of Land and Resources

<$0.5M

Land and natural resources (including water, fish,
wildlife, plants, trails, campsites, etc.) continue to be
accessible, available, and safe for use and
consumption.

$0.5M - $2M

Affected lands and natural resources can be
remediated in the short-term, and made accessible,
available, and safe for use and consumption; longterm monitoring is not required.

Reputation / Legal /
Regulatory

No media or regulatory attention.
Any concern limited to site personnel
Any media limited to local.
Letter of variance.
Minor breach of regulation.
Report to board, shareholder concerns. Adverse
media coverage.

$2M - $10M

Affected lands and natural resources can be
remediated but require monitoring to ensure they are
safe for use; return to safe use and consumption will
Prosecution and/or moderate fine possible.
be delayed (up to 1 year) until monitoring results are
satisfactory; perceived effects may alter land and
Serious breach of regulation with investigation or
resource use/consumption, even if safety is proven.
report to authority.

$10M - $25M

Affected lands and natural resources can be
remediated in the long-term but will require ongoing
monitoring to verify they are safe for use and
consumption; access, use and consumption will be
restricted for more than a year. Perceived effects may
also exacerbate changes in land use.

>$25M

Board involved. Significant loss of shareholder
support. Adverse media coverage.
Major litigation.
Major breach of regulation.
Significant loss of shareholder support. Adverse
media coverage and major public concerns.

Affected lands and natural resources cannot be made
accessible or safe for use; use and consumption will
Very serious litigation, including class actions.
be restricted indefinitely. Perceived effects may also
exacerbate changes in land use.
Government inquiry, significant fines and
prosecution.

TABLE 3
CASINO MINING CORPORATION
CASINO COPPER-GOLD PROJECT
FAILURE MODES EFFECTS ANALYSIS
RISK REGISTER

1

1-1
1-2
1-3
1-4
1-5
1-6
1-7

1-8

C
C

Embankment Stability Hazards

Extreme precipitation or runoff event causing breach of construction cofferdam.
Erosion of cofferdam due to extreme weather events resulting in sediment loading
downstream and damage to construction area.
O/CL/PC Extreme precipitation or runoff event causing overtopping of dam resulting in loss of
containment.
O

C

Cofferdam in place for ~2 years. Plan for at least 1/100 or 1/200-year event.
Similar to (1), but lesser consequence.

3
4

2
1

1
1

3
2

1
1

3
2

3
4

3
2

9
8

Medium
Medium

- TMF dam classification (Very High) necessities the IDF during operations be two-thirds
between the 1/1000 year and PMF.
- IDF increases to the PMF at closure in accordance with new code.

1

5

5

5

5

5

1

5

5

Low

1

5

5

5

5

5

1

5

5

Low

1

5

5

5

5

5

1

5

5

Low

4

1

1

3

1

1

4

3

12

Medium

1

5

5

5

5

5

1

5

5

Low

1

4

5

5

3

5

1

5

5

Low

3

5

5

5

5

5

3

5

15

High

3

5

5

5

5

5

3

5

15

High

3

5
1
1

5
2
1

5
2
4

5
1
1

5
1
3

3
2
3

5
2
4

15
4
12

High
Low
Medium

Early Mine Life: Extreme precipitation or runoff event causing overtopping of dam resulting
in loss of containment.
O/CL/PC Foundation failure - foundation movement resulting in embankment deformation with
Geotechnical investigations conducted, with additional investigations recommended by
IERP for ongoing design.
loss of containment
C/O
Foundation conditions are not as expected
Geotechnical investigations conducted, with additional investigations recommended by
IERP for ongoing design.
O/CL/PC Extreme seismic activity - large earthquake resulting in embankment deformation and/or - TMF dam classification (Very High) necessities the EDGM during operations 1/2
between the 1/2,475 and 1/10,000 year earthquake event, or MCE (whichever is higher).
tailings liquefaction with loss of containment
- *Review definition of 1/10,000 vs. MCE
- Embankment type: consider centreline vs. downstream construction (may need to add to
other risks as well)

Extreme seismic activity during construction causes deformation of starter dam with loss
of containment
1-9 O/CL/PC NAG mischaracterization: Phreatic surface is higher than expected, resulting in pore
pressure increase ultimately resulting in embankment deformation and loss of
1-10 O/CL/PC Underdrain system fails to perform: Phreatic surface is higher than expected, resulting in
pore pressure increase ultimately resulting in embankment deformation and loss of
containment
1-11 O/CL/PC Embankment failure caused by piping
1-12
O
Instability of WR
1-13
C/O
Poor construction practices resulting in embankment deformation

L

SCORE

COMMENTS / CONTRIBUTING FACTORS / CONSIDERATIONS

Health and
Safety
Economic
Impact
Human Use of
Land and
Resources
Reputation /
Legal /
Regulatory

RISK DESCRIPTION

Max

Consequence
Environment

PHASE

Confidence

RISK
NO.

Likelihood

Likelihood

CLASSIFICATION
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C

- Assumes instrumentation is installed during construction and monitored in accordance
with OMS plans.

Check FS for level of understanding of borrow materials and filter relationships
Includes both human error and willful disregard for design
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2

Tailings Characterization Hazards

Pyrite circuit not effective (sub-optimal sulphide removal) - leading to greater than
anticipated volumes of PAG tailings generated over life of mine
2-2
O
Pyrite circuit not effective (sub-optimal sulphide removal) - leading to off-spec NAG
cyclone sand that is placed in TMF shell.
2-3 C/O/CL/PC NAG tailings permeability - Higher than anticipated seepage rate allows for drainage of
NAG layer/closure pond

20% PAG estimate is designed to be conservative, but not sure by how much

3-1

CL

Premature permanent closure of the mine requires modified closure plan.

3-2

CL

Temporary closure (C&M) - accumulation of water during C&M, requiring management

3-3
3-4
3-5
3-6
3-7
3-8

PC
CL
C/O
CL/PC
CL/PC
CL/PC

- Current staging plan has waste rock and PAG tailings situated at higher elevations than
embankment during early mine life.
- Remobilization of waste rock and PAG tailings may be required.
- Design does not include spillway during operations (water management implications)
- Risk assumes that temporary closure does occur (5 years C&M, no pit available for
storage, WT required)

2-1

3

O/CL

Closure Related Hazards

Failure to perform post-closure monitoring and maintenance as prescribed
Unplanned mill shutdown causes temporary closure
Erosion of embankment surface
Erosion of embankment surface
Spillway - blockage (ice, debris, sediment)
Spillway - erosion of spillway

3

C

1

1

3

1

1

3

3

9

Medium

4

4

1

4

1

1

4

4

16

High

4

5

1

5

1

1

4

5

20

High

4

3

1

4

1

3

4

4

16

High

4

1

1

4

1

1

4

4

16

High

3
3
4
4
4
1

3
2
1
3
3
2

1
1
1
1
1
1

4
3
1
3
2
3

1
1
1
1
1
1

3
1
1
2
1
2

3
3
4
4
4
1

4
3
1
3
3
3

12
9
4
12
12
3

Medium
Medium
Low
Medium
Medium
Very Low

Sensitivity will be highly dependent on ore type. May need to increase sampling frequency,
or not cyclone, for some ore types.
Consequence: degraded water quality downstream
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4

4-1
4-2
4-3
4-4
4-5
4-6

5

C

Water Management Hazards

Water balance modelling underestimates water volumes, resulting in unexpected surplus
of water.
O
Water balance modelling underestimates water volumes, resulting in unexpected surplus
of water.
C
Water balance modelling overestimates water volumes, resulting in unexpected deficit of
water
O
Water balance modelling overestimates water volumes, resulting in unexpected deficit of
water
O/CL/PC Higher than anticipated embankment seepage (volume and/or quality) reports to
downstream environment and causes a material impact on water quality
PC
Closure seepage management/treatment system does not function as designed

Mine Site Infrastructure Hazards

Issue: water balance model not correct/accurate; may include climate change
considerations
Assume water surplus exceeds ability to compensate via operational variances.
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2

2

1

2

1

3

2

3

6

Low

1

1

1

2

1

1

1

2

2

Very Low

2

1

1

1

1

1

2

1

2

Very Low

Considers 1 or more drier than average years throughout mine life.

3

1

1

2

1

1

3

2

6

Low

Saturation of tailings in impoundment is maintained.
- Assumes seepage exceeds design capacity of downstream seepage collection system
Downstream seepage collection and treatment.

3

3

1

2

1

1

3

3

9

Medium

3

3

1

3

1

2

3

3

9

Medium

4

1

1

1

1

1

4

1

4

Low

4

1

1

1

1

1

4

1

4

Low

4

1

1

1

1

1

4

1

4

Low

1
2

1
1

1
1

3
1

1
1

2
1

1
2

3
1

3
2

Very Low
Very Low

- All tailings pipelines situated upslope from TMF
- Interruptions to NAG tailings pumping will affect cyclone sand generation

5-1

O

5-2

O

5-3

O

5-4
5-5

O
O

NAG Tailings pipeline failure between mill site and TMF discharge points resulting in an
uncontrolled tailings discharge.
PAG Tailings pipeline failure between mill site and TMF discharge points resulting in an
uncontrolled tailings discharge.
Failure of tailings distribution line on tailings dam resulting in release of tailings and
embankment erosion.
Physical LGO stockpile failure into the TSF; resulting in a seiche
LGO stockpile contact water and seepage flows into the TSF.

5-6
5-7

O
O

Physical heap leach failure into the TSF
Failure of heap leach liner system allows contact water and cyanide solution into the TSF Geochemical issues.

1
1

2
1

1
1

4
3

1
1

4
3

1
1

4
3

4
3

Low
Very Low

5-8

O/CL

Exceedance of downstream water management pond and pumpback systems leads to
discharge

4

3

1

1

1

2

4

3

12

Medium

-LGO stockpile sits over top of NAG pond (pertains to all LGO stockpiles)
Geochemical issues.
- Assumes flow rates exceed design capacity.
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6

6-1

C

Mine Operations Hazards

Additional site investigations recommended by IERP to confirm borrow sources for starter
embankment.
6-2
O
Inadequate construction materials available to meet staging requirements.
- Cyclone sand operations account for inability to place sand during cold weather.
- Generating and stockpiling sand during winter considered feasible, and will be evaluated
during next phase of design.
- tailings characteristics change or are not as expected.
- Site changes could include: Design tailings dry density cannot be achieved, unexpected
6-3
O
Operations not responding to changes at the site resulting in inadequate tailings pond
capacity and unplanned discharge to receiving streams.
variations in climate, etc.
- Grind size/thickening not achieved as intended
- Assumes treat and release measures not in place
6-4
C
Ponding on tailings dam crest or downstream shell: erosion of dam fill leading to localized Starter dam (local borrow)
scour of slopes
6-5
C/O/CL Labour Disruptions
6-6
C
Extreme weather events resulting in construction schedule delays
Climate change affect ability to place cyclone sand throughout year.
6-7
O
Extreme weather events causes delays
6-8
C/O/CL Change in design standards and codes requires updated design criteria and responsive
BC Mine Code update as example. Drives forward thinking design.
action
6-9
C/O
Unplanned change of EOR or owner.
- Loss of knowledge and experience.
- EOR assumed to be part of established design institution
6-10
O
ML/ARD generation rate higher than anticipated, requires remedial action prior to closure. Issue: incorrect prediction of ML/ARD generation
- Magnitude of error considered inversely proportional to Likelihood
Issue occurs during operations, however consequences are delayed until closure
6-11
O
PAG and Hypogene WR go acidic before submergence
6-12
CL
Temporary closure (C&M) - waste rock submergence
Issue: temporary closure with faster than anticipated acid generation
Assumes water treatment already in place to serve temp. CL
6-13 O/CL/PC Waste rock goes acidic despite submergence
Achieving expected grind in mill and/or specification at cyclone sand plant
6-14
C/O
Specification of embankment construction material does not meet design criteria
6-15
O
Inability to form beaches as designed - leading to larger than expected water volumes
Relates to ability to move water towards back of impoundment
close to embankment
6-16
O
Inability to manage gradients as designed
Solids and water gradients
- Based on material characteristics and volume balances
6-17
O
Ice entrainment in tailings slurry leads to faster rate-of-rise than anticipated
Note: on-site power generation and heat at deposition needs to be considered
- Standard mitigations available in northern mines (see Minto)
Dependent on tailings placement and sequencing during final years of mine life.
6-18
O
Displacement of PAG tailings when placing NAG cover
Rely on government to take over closure
6-19
CL
Early permanent closure as a result of bankruptcy
Inadequate construction materials available to meet starter dam fill requirements.
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1

1

3

1

1

2

3

6

Low

1

1

3

1

3

3

3

9

Medium

3

4

1

3

3

3

3

4

12

Medium

3

2

1

1

1

1

3

2

6

Low

3
2
2
4

1
1
1
1

1
1
1
1

3
2
2
2

1
1
1
1

1
1
1
1

3
2
2
4

3
2
2
2

9
4
4
8

Medium
Low
Low
Medium

2

1

1

1

1

1

2

1

2

Very Low

3

2

1

3

1

1

3

3

9

Medium

1
2

2
2

1
1

4
3

1
1

2
2

1
2

4
3

4
6

Low
Low

1
2

3
1
1

1
1
1

5
3
2

1
1
1

3
1
2

1
2
4

5
3
2

5
6
8

Low
Low
Medium

3

1

1

3

1

2

3

3

9

Medium

2

1

1

2

1

1

2

2

4

Low

2
3

3
1

1
1

2
5

1
1

1
5

2
3

3
5

6
15

Low
High

3

4
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7

MC25 Specific Hazards

7-1
7-2

CL
PC

Failure to perform closure monitoring and maintenance as prescribed
MC25 - Closure cap permeability greater than anticipated, allowing oxidation of PAG
tailings and WR
MC25 - Erosion of NAG cover leads to sediment/NAG transport, hindering ability to
achieve closure objectives.
MC25 - Erosion of NAG cover leads to sediment/NAG transport to downstream
environments
MC25 - Erosion of NAG cover leads to exposure and oxidation of PAG and WR
MC25 - Erosion of NAG cover leads to topography changes of facility
MC25 - Consolidation of PAG and/or NAG tailings exceeds predictions and leads to
ponding on closure cover.

7-3

CL

7-4

PC

7-5
7-6
7-7

PC
PC
PC

7-8

PC

7-9

PC

MC25 - TMF basin seepage rates higher than anticipated, prevents closure cover from
remaining saturated and allowing oxidation of PAG tailings and WR
MC25 - Frostjacking damages closure cap, allowing oxygen infiltration.

7-10

PC

MC25: Landslide into pit causes displacement wave to TMF

7-11

PC

MC25: Pit water quality more adverse than expected

7-12

CL

MC25: Inability to meet revegetation targets during closure phase

7-13

CL

7-14

PC

7-15

CL

7-16

PC

MC25 - Water balance modelling underestimates water volumes, resulting in unexpected
surplus of water.
MC25 - Water balance modelling underestimates water volumes, resulting in unexpected
surplus of water.
MC25 - Water balance modelling overestimates water volumes, resulting in unexpected
deficit of water
MC25 - Water balance modelling overestimates water volumes, resulting in unexpected
deficit of water

Saturated closure cover not effective
Potential causes: mischaracterization of NAG cover; degradation of NAG cover due to
cryo process, vegetation etc.

Spillway invert above PAG and WR by >2 m
Channel development, ponding on surface, drainage affected
Affects function of revegetated cover. Assumes drainage towards spillway invert exists as
part of designed consolidation measures; Will consider consolidation data over 22 year
mine life.
Confidence related to foundation conditions and predicted permeabilities through tailings
and waste rock mass.
Effects of frost penetration have not been studied to date; Frostjacking has potential to
bring WR chunks to surface (similar to stone rings and frost boils observed in nature)
Assumes significant enough volume of water displaced to cause material damage to
closure cover.
Issue: incorrect prediction of ML/ARD generation; Magnitude of error considered inversely
proportional to Likelihood; Mitigation options more favorable than general ML/ARD
incorrect prediction as water source is isolated.
Forces extension of closure phase until objectives met. Assumes no surface discharge
downstream due to active seepage /sediment management during closure.
Erosion effects caused by lack of vegetation covered under 7-4 to 7-6.
Water balance for saturated cover more complex than for flooded cover, increased risk of
inaccurate predictions due to additional variables to account for; Considers climate
Additional time during closure allows for better understanding of site conditions and
closure cover behaviour.
- Considers climate change; Assumes that if left unchecked leads to desaturation of NAG
cover; Requires significant change in closure concept to address.
- Considers climate change; Assumes issue manifests during PC phase; Considers
additional data collection during O/CL phases; Assumes issue is not addressed until
adverse downstream effects are observable

5 of 7

3

L

C

SCORE

COMMENTS / CONTRIBUTING FACTORS / CONSIDERATIONS

Health and
Safety
Economic
Impact
Human Use of
Land and
Resources
Reputation /
Legal /
Regulatory

RISK DESCRIPTION

Max

Consequence
Environment

PHASE

Confidence

RISK
NO.

Likelihood

Likelihood

CLASSIFICATION

Print Aug/19/18 23:16:45

RISK RATING

3
3

1
1

3
5

1
3

3
4

3
3

3
5

9
15

Medium
High

5

2

1

2

1

1

5

2

10

Medium

5

3

1

3

3

3

5

3

15

High

2
5

3
1
1

1
1
1

5
3
3

3
1
1

4
1
1

2
5
2

5
3
3

10
15
6

Medium
High
Low

3

1

5

3

4

2

5

10

Medium

3

1

5

3

4

4

5

20

High

4

1

4

3

4

2

4

8

Medium

3

2

1

3

1

1

3

3

9

Medium

4

1

1

3

1

1

4

3

12

Medium

3

1

1

2

1

1

3

2

6

Low

2

1

1

2

1

1

2

2

4

Low

3

1

1

4

1

1

3

4

12

Medium

2

3

1

5

4

5

2

5

10

Medium

3

2

2
4
2
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8

MC28 Specific Hazards

8-1
8-2

CL
PC

Failure to perform closure monitoring and maintenance as prescribed
MC28 - Climate change affects ability to maintain pond size

8-3

PC

8-4

PC

MC28 - Water quality in tailings pond not adequate to discharge to receiving streams
during closure/post closure.
MC28 - Higher than anticipated seepage rates increase embankment pore pressure,
leading to instability, deformation, and loss of containment.

8-5

PC

8-6

CL

8-7

- Assumes O/CL phase climate data collection; Assumes PAG/WR becomes unsaturated
leading to ML/ARD; Likelihood of occurrence lesser than for MC-25 option.
Assumes perpetual treatment of supernatant water required

MC28 - TMF basin seepage rates higher than anticipated, facilitating drainage of the
closure pond and allowing oxidation of PAG tailings and WR
MC28 - Erosion of NAG beach leads to sediment/NAG transport hindering ability to
achieve closure objectives

Confidence related to foundation conditions and predicted permeabilities through tailings
and waste rock mass.

PC

MC28 - Erosion of NAG beach leads to sediment/NAG transport to downstream
environments

Pond will act as a sediment basin.

8-8
8-9
8-10

PC
PC
PC

8-11
8-12

CL
CL

8-13

PC

8-14

CL

8-15

PC

MC28 - Erosion of NAG beach leads to expansion of flooded cover towards embankment. Assumes that erosion is mitigated prior to risk of embankment failure developing.
MC28: Landslide into pit causes displacement wave to TMF
MC28: Pit water quality more adverse than expected
Issue: incorrect prediction of ML/ARD generation; Magnitude of error considered inversely
proportional to Likelihood; Mitigation options more favorable than general ML/ARD misprediction as water source is isolated.
MC28: Inability to meet revegetation targets at closure
MC28 - Water balance modelling underestimates water volumes, resulting in unexpected - Considers climate change
surplus of water.
MC28 - Water balance modelling underestimates water volumes, resulting in unexpected Additional time during closure allows for better understand of site conditions and closure
surplus of water.
cover behaviour.
MC28 - Water balance modelling overestimates water volumes, resulting in unexpected - Considers climate change leads to net evaporation state.
deficit of water
- Requires significant change in closure concept to address.
MC28 - Water balance modelling overestimates water volumes, resulting in unexpected - Considers climate change; Assumes issue manifests during PC phase; Considers
deficit of water
additional data collection during O/CL phases; Assumes that if left unchecked leads to net
evaporation state in TMF with eventual desaturation of NAG cover; Assumes issue is not
addressed until adverse downstream effects are observable
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2

3
3

1
1

3
5

1
3

3
4

3
2

3
5

9
10

Medium
Medium

3

2

1

4

1

1

3

4

12

Medium

3

5

5

5

5

5

3

5

15

High

2

3

1

5

3

4

2

5

10

Medium

2

2

1

2

1

1

2

2

4

Low

2

3

1

3

3

3

2

3

6

Low

3
2

3

1
3
2

1
1
1

4
4
3

1
3
1

2
4
1

3
2
3

4
4
3

12
8
9

Medium
Medium
Medium

4
2

1
1

1
1

3
2

1
1

1
1

4
2

3
2

12
4

Medium
Low

2

1

1

2

1

1

2

2

4

Low

3

1

1

4

1

1

3

4

12

Medium

2

2

1

5

3

3

2

5

10

Medium
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NOTES:

1. LIKELIHOOD, CONSEQUENCE AND RISK RATINGS BASED ON TABLES SUMMARIZED IN "PI SCALE AND DIAGRAM' TAB.
2. C - CONSTRUCTION; O - OPERATIONS; CL - CLOSURE; PC - POST CLOSURE
3. CONTAINMMENT INCLUDES TAILINGS AND WATER
4. SINGLE FAILURE MODE COULD BE TRIGGERED BY MULTIPLE HAZARDS; ONE HAZARD COULD BE TRIGGERED BY MORE THAN ONE FAILURE MODE (MAC 2017).
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