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INTRODUCTION 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources is requesting the renewal 
and amendment of their existing Type “A” Water License No. 2AM-LUP1520, to allow for Final Closure and 
Reclamation of the Lupin Mine Project (Lupin). The Nunavut Water Board (NWB or Board) Water License 
Application No. 2AM-LUP1520 Technical Meeting was held June 6-7th, 2019 in Kugluktuk and Appendix D of 
the June 18, 2018 Pre-Hearing Conference Decision Report outlines the agreed upon List of Commitments 
(Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support the responses to select 
commitments and this technical memo provides the responses to fulfill Commitment No. 8. 

The original response to the commitment was provided on October 15, 2019. Follow up comments and a 
meeting with CIRNAC on January 7th, 2020 identified that additional information is needed to provide 
clarification and reasoning behind the decision matrix. The decision matrix provided herein is revised from the 
original submission in October 2019, and this technical memorandum provides supporting details regarding 
cover performance and risk evaluation. The goal of the decision matrix is to provide a set of determining 
criteria to decide which one of two mitigation options is most appropriate. The two mitigation options are cover 
exposed contaminants in place or excavate and relocate to consolidate them within existing tailings cells.  

OPTION 1 – EXCAVATE, RELOCATE AND CONSOLIDATE 

While excavation and relocation of all exposed contaminants to existing cells would consolidate contaminants 
within approved storage areas, there are number of risks that are associated with this mitigation option that 
should be considered. These risks are the determining criteria to drive the selection of the appropriate 
mitigation option. The subsections below highlight cases where relocation of contaminants may incur 
significant risks, and cover in place should be considered. 

CONTAMINANTS FOUND NEAR DAM TOES 

If contaminants are found within a horizontal distance of 1.5x the height of the dam from the dam toe, the 
excavation associated with the contaminant removal could jeopardize the stability of the existing dams. The 
existing material at the toe of the dam is effectively providing support to the structure, and excavation, even 
temporary, could cause sloughing or slumping to a stable structure. It would be more prudent to cover the 
contaminant in place, thus effectively adding more buttress and support to the dams.  

CONTAMINANTS FOUND OVER LARGE AREAS AND REQUIRING LONG ACCESS ROADS 

A stepped approach is needed to allow equipment to access and relocate exposed contaminants. New 
access roads must be built over clean areas to the edge of the exposed contaminants. Then only the 
contaminants within the operable reach (~4m) of the equipment can be removed and then replaced with clean 
material to advance the access. Thus, the relocation work can only occur in ~4m increments. During the 
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construction, two separate sets of equipment must be used to prevent cross contamination. LMI has a 
planned construction schedule to facilitate the closure work. The additional steps will significantly increase the 
risks of spreading contaminants to nearby environs during excavation and haulage, and will significantly 
decrease productivity, thus jeopardizing LMI’s planned schedule that is tailored to northern climate conditions. 
If contaminant is found in isolated upland areas, there are also risks associated with adverse downstream 
impact of undisturbed ground due to construction runoff.  

CONTAMINANTS FOUND IN THICKNESS IN EXCESS OF 1.5M  

A typical excavator can dig down to approximately 4m depth. However, the typical excavator cannot “bucket” 
compact loose material below an approximate depth of 2.5m. It is assumed that a construction access road 
would be constructed from at least 1m thick esker material. Therefore, the approximate depth of contaminant 
removal would be 1.5m due to the difference between the excavator limitation and the access road thickness. 
Loose material place below the depth of 2.5m might not get compact sufficient and risk of creating differential 
settlements. Deeper excavation would also be associated with water management risks (ponding water from 
rain) and construction health and safety risks. If thick pockets of contaminant are found, material found 
around 2m or deeper below ground surface would eventually be encapsulated by permafrost. The risks 
associated with deep excavation and removal are deemed more significant than covering in place.  

CONTAMINANTS FOUND ON BEDROCK 

The bedrock found around the site is typically uneven with deep narrow crevices. These features would make 
complete removal of contaminants impractical with conventional earthwork equipment. Conventional removal 
of the material in small inaccessible areas would typically involve some type of hydraulic equipment. The risks 
associated with hydraulic removal are downstream impact to undisturbed ground from construction runoff, 
and agitation of contaminant affecting downstream waterbodies. It would be more prudent to cover the 
contaminants in place then risk disturbing additional ground and waterbodies.    

CONTAMINANTS FOUND WITHIN SOFT LAKEBED SEDIMENTS 

Depending on the depositional environment of the contaminant, they could be mixed with soft lakebed 
sediments. These materials could be highly saturated and contain significant amounts of free-flowing water. 
Excavating these materials in a soft, saturated environment will incur significant health and safety risks, in 
addition to the risk of spreading highly saturated (sludge like) contaminant to nearby environs during 
excavation and haulage. It is considered safer to place a constructed cover over the soft contaminants as this 
would provide dry, firm and even ground for equipment.  

TAILINGS CELL COVERS ARE NOT YET COMPLETED 

Depending on the actual length of the construction and discharge season, the tailings cell covers could be 
completed prior to reaching closure water levels in the TCA.  LMI has a planned construction schedule to 
facilitate the closure work. Any changes due to northern climate conditions (i.e. longer freeze, larger freshet) 
could impact the water discharge schedule. If contaminants are found after completion of the tailings cell 
covers, reopening of cover(s) could compromise the quality of work and the overall completion of the TCA 
closure in accordance with LMI’s schedule. It is also not advisable to leave portions of the cell cover 
incomplete as a contingency to accommodate potential exposed contaminants. Incomplete cell cover will 
create risks associated with water management and quality, as well as overall closure schedule risks to LMI’s 
planned schedule.  



January 9, 2020 

Karyn Lewis 

Page 3 of 4  

Reference:     Supporting Information to the Contingency Contaminants Management Decision Matrix 

ta \\ca0200-ppfss01\shared_projects\129500081\reports\lupin closure tech memos\2019 phc responses\phc item 8\129500081_lupin phc item 8 decision 
matrix memo_revc.docx 

OPTION 2 – COVER IN PLACE 

The proposed cover in place mitigation option will utilize the same esker cover that has been approved for the 
TCA. Sufficient thickness of esker, similar to the approved cover, will be placed over any significant amount of 
contaminant if found in areas above the closure water level. Based on available information, summarized 
below, it is believed that an esker cover over the potentially exposed contaminants would perform in a similar 
manner as the approved cover in the tailings cells.  

The existing instrumentation data indicates that esker cover only entirely thaws between the months of July 
and September and would be partially frozen for the rest of the year. Instrument data also suggests that the 
lowest parts of the cover would remain at a high degree of saturation (>85% by volume) during the driest 
months (Stantec 2019). The tailings permeability is low (between 1E-05 cm/s to 5E-05 cm/s) and is not readily 
free draining. The overall water balance for the site is positive, where there is more precipitation than 
evaporation, which will ensure the contaminants and the cover will be rehydrated between the seasons 
(Holubec 2006). The MEND Guideline outlines that a zone of cover material at or above 85% by volume 
saturation would effectively limit oxidation of the material below (MEND 2004). Given the existing data and 
analytical results, it is concluded that a sufficient thickness of esker material would mitigate potential acid rock 
drainage concerns from the potentially exposed contaminants.  

ACTIVE MONITORING 

The performance of either option would be monitored according to the final closure monitoring plan. LMI’s 
schedule would allow a period of performance monitoring post construction, prior to opening the TCA system 
to the environment. Any residual risks associated with the options will be identified, monitored and tracked 
during this period. The monitoring would demonstrate the TCA closure has been completed in accordance 
with the design and will not be detrimental to environment prior to opening the TCA to the environment.  

Stantec Consulting Ltd.  

Alvin Tong P. Eng.  
Senior Geotechnical Engineer 
 
Phone: 604 630 5833 
alvin.tong@stantec.com 
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Holubec 2006. Geotechnical, Seepage and Water Balance. Report prepared for Kinross Gold Corporation by Holubec Consulting Inc., 
March 2006. 

 



January 9, 2020 

Karyn Lewis 

Page 4 of 4  

Reference:     Supporting Information to the Contingency Contaminants Management Decision Matrix 

ta \\ca0200-ppfss01\shared_projects\129500081\reports\lupin closure tech memos\2019 phc responses\phc item 8\129500081_lupin phc item 8 decision 
matrix memo_revc.docx 

MEND 2004. Design, Construction and Performance monitoring of Cover Systems for Waste Rock and Tailings, Volume 1 and 2. MEND 
 2.21.4a. July 2004. 
 
Stantec 2019. 2019 Lupin Mine Tailings Area Inspection Report. Report prepared for LMI by Stantec Constructing Ltd., October 2019.  
 
 



Approved TCA 
Closure Plan

The approved store and 
release cover is in place since 
1990s with over 80% of the 

cover constructed and being 
monitored

Contaminants could be exposed in the small areas 
between the dams and the water bodies once the 

water is lowered to closure level

Cover the contaminants 
in place with sufficient 

material 

Monitor the TCA 
according to the 

closure plan

No Exposure

Final closure activity would cover the remaining 
20%, then lower Pond 1, 2, and Cell 4 to closure 

elevation, controlled by spillways

Excavate all contaminants 
and consolidate in Tailings 

Cell 3/5

Found within 30m of 
existing access.

Leaving tailings cell 
open for contingency 

could cause 
signification delays to 

schedule due to 
northern climatic 

conditions. 

If contaminants are 
found along the closure 
shoreline, then relocate 
them upstream to be 
covered with the new 

cover

 Found in isolated 
deep pockets. 

Increase 
environmental 

impact footprint 
from excavation and 
equipment access, 

and high risk of 
cross contamination 

from transport.

With thickness less 
than 1.5m or depth to 

permafrost where 
contaminant can be 

excavated and backfill 
within one pass to 

minimize disturbance

Located within 
horizontal distance of 

1.5x the height the 
dam. Excavation within 

this zone could 
destabilize the dam. 

If contaminants are 
found after 

completion of tailings 
cells, reopening of 

Cell 3/5 for disposal 
could compromise 
the completion of 
closure cover work 

Not found overlying 
bedrock

Found within 
exposed bedrock. 
Impracticality of 

excavating on uneven 
hard surface and not 

removing all 
contaminant from 

crevices and uneven 
grounds 

Found within deep 
areas of the pond. 

Health and safety on 
implementation 

(working on soft and 
uneven grounds) 

Not found within soft 
lakebed sediments

Tailings cell covers are 
not yet completed

Contaminants found

AND

AND

AND

AND

OPTION 1

If not

If not

If not

If not Also consider

Long access road is 
required to haul 

contaminants and 
backfill material. This 
would increase the 

risk of cross 
contamination and 

environmental 
footprint. 

If not

If not

OPTION 2

Contingency Contaminants 
Management Decision Matrix



  Technical Memo 
 

 

ws c:\users\swilkins\documents\129500081_lupin phc item 13 climate model_rev0.docx 

To: Karyn Lewis, Project Manager Lupin 
Project 

From: Ron Coutts M.Sc., P.Eng 
Sara Wilkins, P.Geol. 
 

 Mandalay Resources Corporation 
Suite 330, 76 Richmond Street 
Toronto, ON 
M5C 1P1 

 Stantec Consulting Ltd. 
200-325 25 Street SE  
Calgary, AB 
T2A 7H8 

File: Lupin Gold Project - 129500081 Date: October 15, 2019 
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Introduction 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources is requesting the renewal 
and amendment of their existing Type “A” Water Licence No: 2AM-LUP1520, to allow for Final Closure and 
Reclamation of the Lupin Mine Project (Lupin).  The Nunavut Water Board (NWB or Board) Water Licence 
Application No. 2AM-LUP1520 Technical Meeting was held June 6-7, 2019 in Kugluktuk and Appendix D of 
the June 18, 2018 Pre-Hearing Conference Decision Report outlines the agreed upon List of Commitments 
(Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support the responses to select 
commitments and this technical memo provides the responses to fulfill Commitment No. 13, shown below, 
which relates to thermal modelling of the long-term thaw of the Lupin Tailings Containment Area (TCA) frozen 
tailings containment structures or dams under multiple climate warming scenarios to support the Lupin Mine 
Final Reclamation and Closure Plan.  

13 LMI ECCC 

LMI to use a range of emission scenarios (low to 
high future forcing) from multiple climate models 
and considering multiple parameters 
(precipitation, permafrost thaw, etc.), which will be 
determined following consultation with climate 
change experts, for consideration in the Final 
Reclamation and Closure Plan. 

15-Oct-19 Technical 
Memo 

Commitment No. 13 states that climate change experts sub-contracted by LMI will consult with Environment 
Canada and Climate Change (ECCC) climate change experts to determine the most applicable climate 
models, warming scenarios, and parameters, for the Lupin Mine site.  Meetings with the ECCC climate 
change expert were requested by Stantec on July 31, 2019, and August 30, 2019, and ECCC responded that, 
in summary, email communication was preferred.  Both email responses directly referenced sections of 
Canada’s Changing Climate Report (CCCR, 2019), most specifically Chapter 8 Section 8.4.1: Changes in 
northern Canada.  This section references two northern Canada emission scenarios and the ECCC climate 
change expert noted that: “the range of projected changes provided for various global emission scenarios 
(i.e., Representative Concentration Pathways or RCPs) in Canada’s Changing Climate Report are derived 
from an ensemble of 29 climate models”.   

Details regarding the projected changes in temperature in various regions across Canada, including Canada’s 
north, were provided in CCCR, 2019, Chapter 4, (Section 4.2.1.3 and Table 4.2). CCCR, 2019, Section 
4.2.1.3, indicates that the projected increase in mean annual air temperature (MAAT) was based on a 
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distribution of outcomes from 29 CMIP5 (Coupled Model Intercomparison Project) climate models. The 
climate models were used to simulate three emission scenarios (low-, medium-, and high-emissions 
scenarios). Stantec used the low-emissions scenario (LES) and the high-emissions scenario (HES) to fulfill 
the TCA thermal modelling component of Commitment No. 13 as only these two scenarios were reported in 
CCCR, 2019.   

Thermal Modelling 

Stantec performed thermal modelling to assess the potential for long-term permafrost thaw of frozen tailings 
containment structures (dams) under three climate warming scenarios. The median projected MAAT increase 
values for the North region from the two climate modelling emission scenarios (LES and HES) from CCCR, 
2019, Table 4.2 (shown above) were used to establish the air temperature versus time for input to the thermal 
modelling. The third climate scenario was modelled using an average of the LES and HES and is termed 
herein as the average-emissions scenario (AES).  

The thermal modelling domain was one-dimensional and represented the thermal conditions at and below the 
crest of the dams. The LES and HES thermal modelling scenarios considered an increase in the MAAT from 
the 1986-2005 time period to the 2031-2050 time period, consistent with the time periods reported in CCCR, 
2019, Table 4.2. From the time period 2031-2050 to 2081-2100, a second MAAT increase rate was used, 
again consistent with the time periods and temperature increases reported in CCCR, 2019, Table 4.2. Table 1 
below summarizes the time intervals, temperature increases, and the climate warming rates used in the LES, 
HES and AES thermal modelling as calculated from the projected MAAT increases reported in CCCR, 2019, 
Section 4.2.1.3, Table 4.2.  

Table 1 – Thermal Modelling MAAT Increases and Climate Warming Rates for Emissions Scenarios 

Time Period Time 
Period 
Midpoint 

Time 
Interval 
(years) 

LES 
MAAT 
Increase 
(°C) 

HES 
MAAT 
Increase 
(°C) 

LES 
Climate 
Warming 
Rate 
(°C/year) 

HES 
Climate 
Warming 
Rate 
(°C/year) 

AES 
Climate 
Warming 
Rate 
(°C/year) 

1986 – 2005 1995 0 -- -- -- -- -- 

2031 – 2050 2040 45 1.8 2.7 0.040 0.060 0.050 

2081 – 2100 2090 95 2.1 7.8 0.0060 0.102 0.054 

Time-Weighted Average Climate Warming Rate 1995-2100 
(°C/year) 

0.022 0.082 0.052 

(Based on air temperature projections reported in CCCR, 2019, Section 4.2.1.3, Table 4.2) 
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The climate warming rates for the three emissions scenarios in Table 1 were used to ramp-increase the 
MAAT in the thermal modelling from 1995 to 2100 as shown in Figure 1. The temperature increases for the 
LES and HES scenarios shown in Table 1 and plotted in Figure 1, are based on, and are consistent with, the 
temperature warming projections reported in CCCR, 2019, Section 4.2.1.3, Table 4.2. 

 

Figure 1: CCCR 2019 Climate Warming Predictions for Canada North Region 
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High-Emissions Scenario (HES) Thermal Modelling Results 

The HES model represents the worst-case emissions scenario (i.e., highest rate of climate warming) of the 
three climate warming scenarios considered. Figure 2 displays the seasonal variation in air temperature used 
in the HES thermal modelling. The air temperature data is shown at 5-day intervals represented by red 
symbols. The MAAT is shown by the blue symbols and is the same air temperature data that was shown for 
the HES scenario in Figure 1.  

Figure 3 displays the model-calculated variation in the thaw depth versus time at the dam crest for the HES. 
As with Figure 2, the data points are evenly spaced at 5-day intervals. In the thermal model, the maximum 
annual thaw depth (termed the active layer depth) in 1995 is 2.3 m. Climate warming causes small 
incremental increases in the depth of the active layer each year until about 2075. After 2075, the annual 
winter frost depth does not penetrate to the base of the active layer (top of permafrost), and long-term 
progressive permafrost thaw deepening begins after that point in time. By the year 2100, the top of the 
permafrost is located 14 m below ground surface. Of the three emissions scenarios considered, the HES is 
the most extreme given that the observed MAAT in Canada increased by 8.8°C from 1995 to 2100.  

 

Figure 2: HES Scenario – Lupin Thermal Modelling with Climate Warming, Air Temperature Input Data  
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Figure 3: HES Scenario – Lupin Thermal Modelling with Climate Warming, Long-Term Thaw Depth 
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Low-Emissions Scenario (LES) Thermal Modelling Results 

The air temperature data used in the modelling for the LES thermal modelling is shown in Figure 4. The LES 
scenario uses a MAAT increase of 2.2°C from 1995 to 2100. CCCR, 2019, states that the warming trend 
observed in Canada from 1948 to 1996 was 1.2°C, representing an average warming rate of 0.025°/yr. 
Accordingly, the LES is considered to be more realistic than the HES.  

Figure 5 shows the model-calculated thaw depth for the LES from 1995 to 2100. The model begins with an 
active layer depth of 2.3 m in 1995, which deepens to 2.8 m by year 2100, indicating an active layer thickness 
increase of 0.5 m. The LES does not result in long-term progressive permafrost thaw.  

 

Figure 4: LES Scenario – Lupin Thermal Modelling with Climate Warming, Air Temperature Input Data 
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Figure 5: LES Scenario – Lupin Thermal Modelling with Climate Warming, Long-Term Thaw Depth 
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Average-Emissions Scenario (AES) Thermal Modelling Results 

The AES scenario is an average of the LES and HES MAAT warming rates. Figure 6 shows the seasonally 
variable temperature together with the MAAT for the AES. The overall climate warming rate in this scenario is 
0.052 °C/yr.  

Figure 7 shows the model-calculated thaw depth for the AES from 1995 to 2100. The model begins with an 
active layer thaw depth of 2.3 m in 1995, which deepens to 3.9 m by year 2100, indicating an active layer 
thickness increase of 1.6 m. As with the LES, there is no long-term progressive permafrost thaw.  

 

Figure 6: AES Scenario – 1D Model of Climate Warming Air Temperature 
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Figure 7: LES Scenario – Lupin Long-Term Thaw Depth with Climate Warming 
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Conclusions 

The thermal modelling conducted by Stantec found that the LES and AES did not result in long-term 
progressive permafrost thaw within the Lupin Mine TCA dams. The LES and AES are considered to be more 
realistic climate warming emission scenarios compared to the HES, based on reported observations of 
temperature changes in the latter half of the 20th century in Canada. Thermal modelling showed that the HES 
emission scenario resulted in long-term progressive permafrost thaw which is not expected to begin until the 
latter quarter of the 21st century, and which would result in a permafrost thaw depth of 14 m below ground by 
the year 2100. 

Ron Coutts M.Sc., P.Eng.  
Senior Geological Engineer, Independent Contractor 
Phone: (403) 875-5331 
Ron.Coutts@stantec.com 

 Stantec Consulting Ltd. 

Sara Wilkins P.Geo. 
Manager, Mine Water Resources 
Phone: (403) 268-6526 
Sara.Wilkins@Stantec.com 



  Technical Memorandum 
 

 

ta \\ca0200-ppfss01\shared_projects\129500081\reports\lupin closure tech memos\2019 phc responses\phc item 6\129500081_lupin phc item 6 tca dam 
stability review_rev0.docx 

To: Karyn Lewis, Project Manager Lupin 
Project 

From: Alvin Tong 

 Mandalay Resources Corporation,  
Suite 330, 76 Richmond Street 
Toronto, ON 
M5C 1P1 

 Stantec Consulting Ltd.,  
1100 – 111 Dunsmuir Street 
Vancouver, BC 
V6B 6A3 

File: Lupin Gold Project - 129500081 Date: November 14, 2019 

 

Reference:  2 AM-LUP Technical Meeting Commitment Number 6 Response – Geotechnical Review on 
the Long-Term Stability of TCA Dams  

INTRODUCTION 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources Corporation is requesting 
the renewal and amendment of their existing Type “A” Water License No: 2AM-LUP1520, to allow for Final 
Closure and Reclamation of the Lupin Mine Project (Lupin). The Nunavut Water Board (NWB or Board) Water 
License Application No. 2AM-LUP1520 Technical Meeting was held June 6-7, 2019 in Kugluktuk, Nunavut. 
Appendix D of the June 18, 2019 Pre-Hearing Conference Decision Report outlines the agreed upon List of 
Commitments (Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support the 
responses to select commitments and this technical memorandum provides the responses to fulfill 
Commitment No. 6, shown below, which relates to conducting a geotechnical stability review of the Tailings 
Containment Area (TCA) dams to ensure long term stability and erosion control.  

6 LMI CIRNAC 

Geotechnical details of engineered structures (e.g. which dams 
will the rip-rap material be taken from to change slope and which 
dams will be enhanced, cross sections and details) to ensure 
long term stability and erosion control. 

15-Nov-19 
Technical 
Schematics 

This memorandum presents the design basis, stability analyses results, and recommendations to satisfy long 
term stability and erosion control for all the dams at Lupin. 

DESIGN BASIS AND CRITERIA 

As-built configurations were generated using 2019 bathymetry and surface survey data.  The analyses focus 
on long-term loading conditions which is appropriate for closure design.  Permafrost was assumed to remain 
at its current level and the remaining cover in Cell 3 and 5 is assumed to be completed. Closure water levels 
are as follows (if not listed, the area will be dry for closure): 

 Pond 1 at 480 meters above sea level (masl), 

 Pond 2 at 481 masl, and 

 Cell 4 at 485 masl. 

Factor of Safety (FOS) criteria are based on Canadian dam safety guidelines for mining dams (CDA, 2014) 
and are presented in Table 1. 
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Table 1: Summary of Stability Criteria 

Failure Mode Condition Factor of Safety (Limit-Equilibrium) 

Local 
Static 

1.3 

Global 1.5 

Global Seismic 1.1 

Two stability scenarios have been considered for all dams: 

1. As-built Scenario (Where permafrost is present at a 2m depth below ground surface). 

2. Seismic Condition (PGA of 0.05g at a probability of 2%/50 years, based on the Natural Resources of 
Canada 2015 Seismic hazard map (NRC 2015)) with a 50% reduction using the Hynes-Griffin method 
(Hynes-Griffin, 1984).  

The assessment also considers local and global stability failure modes. Local failure consists of shallow 
failure that would not release tailings, such as sloughing, of minimum 1m thickness. The global failure mode 
considers a deep, large rotational failure that could result in a dam breach and uncontrolled release of stored 
water and tailings.  

STABILITY ANALYSES 

Slope stability analyses have been completed for the closure condition of the Lupin dams.  The dam cross-
sections are based on the historical design sections presented in the dam safety review report (SRK, 2016).  
A plan view with cross-section locations is shown on Figure 1. Material properties used in the analyses are 
based on previous work experience with similar materials and are presented in Table 2.  The analyses have 
been completed using the limit equilibrium software, SLOPE-W, from GeoStudio 2018 (Version 9.0.4).  The 
FOS values were calculated using the Spencer method in SLOPE/W. 
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Figure 1: Tailings Containment Area Stability Section Locations 

 
Table 2: Material Properties 

Material Unit Weight (kN/m3) Effective Stress Parameters 

Esker (dam and cover fill) 30 c' = 0, φ' = 35° 

Gravelly Sand 30 c' = 0, φ' = 35° 

Rockfill 20 c' = 0, φ' = 39° 

Tailings (Drained) 18 c' = 0, φ' = 30° 

Tailings (Undrained) 18 Minimum strength: 20 kPa, Su/σ’v = 0.24 

Till 18 c' = 0, φ' = 30° 

Bedrock Impenetrable 

Permafrost Impenetrable 

2 N 
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480 m 
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A summary of FOS results for each scenario is presented in Table 3 and the SLOPE/W outputs are attached 
in Appendix A. If the as-built condition does not satisfy the stability criteria, the dam(s) will be re-sloped to 
meet the criteria.     

Table 3: Summary of Stability Analyses Results 

Cross-section Configuration 
Scenario 

Static Seismic 
Local Global Global 

2 As-built 1.3 2.6 2.3 
3 As-built 4.0 8.3 6.2 

3D As-built 1.3 3.7 3.3 
4 As-built 2.9 3.3 2.9 
6 As-built 1.3 2.4 2.4 

1A As-built 2.6 3.6 3.5 

K 
As-built 0.8* 1.8 1.5 

Re-sloped 1.3 1.8 1.6 
L As-built 1.6 2.1 1.9 

M  
As-built 1.0* 3.0 2.6 

Re-sloped 1.3 3.1 2.7 
N As-built 1.6 2.6 2.5 

FOS Acceptance Criteria ≥ 1.3 ≥ 1.5 ≥ 1.1 
*FOS value does not meet design criteria for as-built configuration, repair and re-sloping is required for closure.  

Results in Table 3 show that the existing as-built dams meet the target FOS criteria except for dams M and K.  
Modifications to these dams are required and details are discussed below.  

STABILITY CONCLUSIONS 

Most of the Lupin dams (2, 3, 3D, 4, 6, 1A, L and N) meet target closure FOS criteria in their current as-built 
conditions. Dams M and K require re-sloping to satisfy acceptable FOS criteria, as follows: 

 Dam M: re-slope to 2.1H:1V; 

 Dam K: re-slope to 2.1H:1V 

Once dams M and K have been re-sloped as listed above, all of the Lupin dams will satisfy the design closure 
criteria and will be performing as licensed.  
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SURFACE WATER MANAGEMENT 

As part of the final closure and reclamation plan (FCRP), surface water management will be incorporated into 
the Cell 3 and 5 tailings cover to manage long term erosion potential. It is recognized that the existing 
topographies of the Cell 3 and 5 covers would have surface water flow over the dams that could cause 
erosion. The FCRP would incorporate surface water management into the to-be-constructed cover to 
minimize potential erosion of the dams. The to-be constructed tailings covers will be engineered and 
contoured to allow surface water to flow passively away from the face of the dam and into an engineered 
outflow structure. Both Cell 1 and 2 do not have significant gradient toward the dams and additional cover 
regrading is not required based on current information available. The design criteria for the surface water 
management on the covers are shown in Table 4.  

Table 4: Surface Water Management Design Criteria 

Parameter Value 

Design Event  1 in 100-year 

Design maximum flow 0.8 m3/s 

Design maximum velocity 1.9 m/s 

Cover maximum grade 0.5% 

Outflow channel side slopes Min. 3H:1V 

Outflow channel bottom 5m 

Outflow channel maximum grade 10% 

Outflow channel armoring size D50 = 0.26m 

The Cell 3 engineered cover design is shown on Figure 2 and Cell 5 engineered cover design is shown on 
Figure 3. These should mitigate long term erosion potential over the dam face.  

 

Stantec Consulting Ltd.  

Alvin Tong P. Eng.  
Senior Geotechnical Engineer 
 
Phone: 604 630 5833 
alvin.tong@stantec.com 

Attachment: Figure 2 – Cell 3 Engineered Cover Design  
Figure 3 – Cell 5 Engineered Cover Design 
Appendix A – Stability Analyses Results 

c.   
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SLOPE STABILITY ANALYSIS
SECTION 2 – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE

Fig. A.3 

PHC Response #6

LUPIN MINES INC.

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).
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Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface



Fig. D.1

SLOPE STABILITY ANALYSIS
SECTION 2 – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE

Fig. A.4 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).
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Fig. D.1

SLOPE STABILITY ANALYSIS
SECTION 2 – PERMAFROST CONDITIONS

PSEUDO-STATIC CASE – GLOBAL FAILURE

Fig. A.5 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).
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PHC Response #6

LUPIN MINES INC.

4.0

Distance (m)

141 151 161 171 181 191 201 211

E
le

va
tio

n
 (

m
)

483

485

487

489

491

493

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).
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Fig. D.1Fig. A.7 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 3 – PERMAFROST CONDITIONS

STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.8

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
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PSEUDO-STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.9

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 3D – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE
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Fig. D.1Fig. A.10 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 3D – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE

3.7

Distance (m)

225 235 245 255 265 275 285 295 305 315 325 335 345 355

E
le

va
tio

n
 (

m
)

474

476

478

480

482

484

486

488

490

492

494

496

498



Fig. D.1Fig. A.11 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 3D – PERMAFROST CONDITIONS
PSEUDO-STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.12 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 4 – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE
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Fig. D.1Fig. A.13 

2019 DAM SAFETY REVIEW

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 4 – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE
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Fig. D.1Fig. A.14

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 4 – PERMAFROST CONDITIONS

PSEUDO-STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.15 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 6 – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE
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Fig. D.1Fig. A.16

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 6 – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE
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Fig. D.1Fig. A.17 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 6 – PERMAFROST CONDITIONS

PSEUDO-STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.18 

PHC Response #6

LUPIN MINES INC.
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Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 1A – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE



Fig. D.1Fig. A.19 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 1A – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE
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Fig. D.1Fig. A.20

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION 1A – PERMAFROST CONDITIONS
PSEUDO-STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.21 

PHC Response #6

LUPIN MINES INC.

Re-sloped Conditions

As Built Conditions

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface
Re-sloped Conditions: regraded to 2H:1V to reach minimum FOS criteria

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION K – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE



Fig. D.1Fig. A.22 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface
Re-sloped Conditions: regraded to 2H:1V to reach minimum FOS criteria

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION K – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE

Re-sloped Conditions

As Built Conditions
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Fig. D.1Fig. A.23

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface
Re-sloped Conditions: regraded to 2H:1V to reach minimum FOS criteria

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION K – PERMAFROST CONDITIONS

PSEUDO-STATIC CASE – GLOBAL FAILURE

Re-sloped Conditions

As Built Conditions
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Fig. D.1Fig. A.24 

PHC Response #6

LUPIN MINES INC.
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Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION L – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE



Fig. D.1Fig. A.25 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION L – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE
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Fig. D.1Fig. A.26 

PHC Response #6

LUPIN MINES INC.

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION L – PERMAFROST CONDITIONS

PSEUDO-STATIC CASE – GLOBAL FAILURE
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PHC Response #6

LUPIN MINES INC.

Re-sloped Conditions

As Built Conditions

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface
Re-sloped Conditions: regraded to 2H:1V to reach minimum FOS criteria

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION M – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE
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Fig. D.1Fig. A.28 

PHC Response #6

LUPIN MINES INC.

Re-sloped Conditions

As Built Conditions

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface
Re-sloped Conditions: regraded to 2H:1V to reach minimum FOS criteria

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION M – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE
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Fig. D.1Fig. A.29

PHC Response #6

LUPIN MINES INC.

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

Re-sloped Conditions

As Built Conditions

Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface
Re-sloped Conditions: regraded to 2H:1V to reach minimum FOS criteria

SLOPE STABILITY ANALYSIS
SECTION M – PERMAFROST CONDITIONS

PSEUDO-STATIC CASE – GLOBAL FAILURE
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Fig. D.1Fig. A.30 

PHC Response #6

LUPIN MINES INC.
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Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for optimized slip surface using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION N – PERMAFROST CONDITIONS

STATIC CASE – LOCAL FAILURE
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PHC Response #6

LUPIN MINES INC.
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Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION N – PERMAFROST CONDITIONS

STATIC CASE - GLOBAL FAILURE
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PHC Response #6

LUPIN MINES INC.
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Details:
Current Permafrost Conditions: permafrost is present at depth 2m below ground surface

Notes:
1. FOS is for global failure that breaches the dam using Spencer method in SLOPE/W (GeoStudio 2018, version 9.0.4).

SLOPE STABILITY ANALYSIS
SECTION N – PERMAFROST CONDITIONS
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File: Lupin Gold Project – 129500081 Date: August 14, 2019 

 

 
Reference: 2AM-LUP1520 Technical Meeting Commitment Number 3 and 4 Responses – Waste 

Rock Information from Lupin Mine Tailings Containment Area  

Introduction 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources is requesting the renewal 
and amendment of their existing Type “A” Water Licence No: 2AM-LUP1520, to allow for Final Closure and 
Reclamation of the Lupin Mine Project (Lupin).  The Nunavut Water Board (NWB or Board) Water Licence 
Application No. 2AM-LUP1520 Technical Meeting was held June 6-7, 2019 in Kugluktuk and Appendix D of 
the June 18, 2018 Pre-Hearing Conference Decision Report outlines the agreed upon List of Commitments 
(Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support the responses to select 
commitments and this technical memo provides the responses to fulfill Commitments No. 3 and No. 4, pasted 
below, which relate to historical data analysis regarding acid rock drainage (ARD) potential of waste rock at 
the Lupin Tailings Containment Area (TCA). 

3 LMI CIRNAC 

LMI to go through records and provide historical 
data analysis regarding ARD potential of tailings 
dams and roadways, etc. and to indicate whether, 
based on the historical information, the additional 
study in line #4 will/will not be provided 

15-Aug-19 

Summary of 
historical data in 
a Technical 
Memo 

4 LMI CIRNAC 

Based on the results of #3 above, if required ARD 
Potential (rock characterization, and potentially 
including geochemical and pathway analysis) to 
be conducted at the TCA dams. 

15-Nov-19 Technical Memo 

Stantec reviewed historical information from the Lupin TCA for information pertaining to materials testing for 
the waste rock used in the construction of earthen dams in the TCA. More specifically, the review focused on 
any chemical data describing the potential of the TCA waste rock to generate ARD. This memo contains a 
brief description of the information reviewed and presents the data to fulfil the commitments listed above.  

  



August 14, 2019 
Karyn Lewis, Project Manager Lupin Project 
Page 2 of 3  

Reference: 2AM-LUP1520 Technical Meeting Commitment Number 3 and 4 Responses   
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Historical Information 

The primary documents used for the review are the following: 

• URS. 2005. ARD/ML Assessment of Waste Rock at Lupin Mine  

• Golder. 2017. Updated Phase I and II Environmental Site Assessment 

• Price, W.A. 2009. Prediction Manual for Drainage Chemistry from Sulphidic Geologic Materials. Draft 
Report prepared for MEND. MEND Report 1.20.1 

The URS (2005) memo includes the results of acid/base accounting (ABA) work that was conducted at 
various sites at Lupin, including ten sites that are well distributed through the TCA dams as shown on Table 1. 
The memo presents data on total sulfur percentage and the ratio of neutralization potential values to 
maximum potential acidity values (NP/MPA). Typically, NP/MPA values less than one indicate likely ARD 
generation, values between one and two indicate the uncertain potential for ARD, and values greater than two 
indicate likely non-ARD (Price, 2009). Of the ten samples from the Lupin dams, one displayed a NP/MPA 
value less than one, five displayed values between one and two, and four displayed values higher than two. 
Only one of the samples that had NP/MPA values less than two had a total sulfur percentage significantly 
higher than 0.3%. The URS memo concluded overall that “the bulk of the waste rock at Lupin is not expected 
to generate acid in the foreseeable future. This is supported by observational evidence which indicates that 
the waste rock has shown no evidence of acid generation after surface weathering for up to approximately 25 
years.”  

Table 1 – 2005 TCA Waste Rock Results 

Sample Description pH 
Total 
Sulfur NP MPA NP/MPA 

NA % mg CaCO3/kg mg CaCO3/kg NA 
50058 Dam 4 8.6 0.31 12 9.7 1.24 
50059 Dam 5 8.6 0.51 14 15.9 0.88 
50060 Dam 6 8.3 0.07 9 2.2 4.11 
50061 Dam 1c 9.4 0.03 11 0.9 11.73 
50062 Dam 1b 9.5 0.17 9 5.3 1.69 
50063 Dam 1a 9.5 0.03 10 0.9 10.67 
50064 Dam 2 8.6 0.31 10 9.7 1.03 
50073 L Dam, south 8.6 0.19 10 5.9 1.68 
50074 L Dam, north 8.6 0.24 12 7.5 1.6 
50075 J Dam 9 0.15 15 4.7 3.2 

 

  



August 14, 2019 
Karyn Lewis, Project Manager Lupin Project 
Page 3 of 3  
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Conclusions  

The work conducted in 2005 sampled ten waste rock sites located throughout the TCA dams. Based on a 
preliminary analysis of the extent of waste rock material in the TCA dams from aerial photos, and 
assumptions related to waste rock density (≈2 kg/m3) and the depth (0.5 m) of waste rock material on the face 
of the TCA dams, a total TCA waste rock weight of approximately 100,000 tons was calculated. Based on 
direction from Price (2009), a minimum number of eight samples is recommended to characterize that amount 
of waste rock material. It is Stantec’s position that the 2005 data set adequately represents the characteristics 
of the waste rock used in the construction of the dams and fulfills Commitment No.3 from the Lupin Technical 
Meeting.  

Additionally, the results of the Golder (2017) assessment indicated that in the sampled waste rock, sulfide 
concentrations were significantly less than total sulfur, indicating the majority of the sulfur was present in the 
oxidized sulfate form. As only one of the TCA waste rock sampling sites indicated significant potential for ARD 
generation in 2005 and the waste rock has been exposed to weathering action for decades (oxidizing the 
sulfide since the early 1990s), as noted in Commitment No.3 there is no need to proceed to the geochemical 
modeling mentioned in Commitment No.4. 
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Reference: 2AM-LUP1520 Technical Meeting Commitment Number 10 Response – Cover Data from 

Lupin Mine Tailings Containment Area  

INTRODUCTION 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources Corporation is requesting 
the renewal and amendment of their existing Type “A” Water Licence No: 2AM-LUP1520, to allow for Final 
Closure and Reclamation of the Lupin Mine Project (Lupin).  The Nunavut Water Board (NWB or Board) 
Water Licence Application No. 2AM-LUP1520 Technical Meeting was held June 6-7, 2019 in Kugluktuk, 
Nunavut.  Appendix D of the June 18, 2018 Pre-Hearing Conference Decision Report outlines the agreed 
upon List of Commitments (Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support 
the responses to select commitments and this technical memo provides the responses to fulfill Commitment 
No. 10, shown below, which relates to data collection from Cell 1 and Cell 2 in the Lupin Tailings Containment 
Area (TCA). 

10 LMI ECCC 

One-time visual inspection (testpit) to “ground 
truth” the status of the cover nearby one of the 
installed standpipes (note: water quality data will 
be collected from all standpipes and presented in 
the context of historical water quality data from the 
standpipe information). 

15-Oct-19 Technical Memo 

At Cell 1 in the Lupin TCA, Stantec excavated a test pit and collected water level and water quality data in 
standpipes completed in the esker cover. The water quality data is compared to historical information 
collected between 2002 and 2004 as part of the TCA Closure Plan (Holubec, 2005). A second test pit was 
also excavated in Cell 2 of the Lupin TCA. This memo contains a brief description of the field work and 
presents the data to fulfill the commitment listed above.  
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Karyn Lewis, Project Manager Lupin Project 
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TEST PIT OBSERVATIONS 

Two test pits were completed in Cell 1 and Cell 2 using an excavator and the locations are presented on 
Figure 1.  Mr. Alvin Tong, P.Eng., a senior Geotechnical Engineer with Stantec, oversaw the excavation of the 
test pit on August 24 and 25, 2019. The weather during the excavation work was clear and warm. The general 
condition of the cover was dry without any nearby ponded water.  

Test Pit 1 

Test Pit 1 was excavated within Cell 2, which was covered in 2004. The cover material was observed to be a 
well graded sand with some gravel. Wet material was encountered approximately 0.6 m below ground surface 
(bgs). A thin layer of cold, wet tailings was encountered approximately 1.2 m bgs and frozen tailings was 
encountered approximately 1.3 m bgs. No oxidized tailings were observed in the test pit. A photograph of the 
test pit is provided below.  

Test Pit 1 Photograph and Descriptions 

 

Test Pit 2 

Test Pit 2 was excavated within Cell 1, which was covered in 1995. The test pit is located approximately 30 m 
southwest of standpipe P-7. The cover material was observed to be a well graded sand and gravel with 
cobbles. Wet material was encountered approximately 0.6 m bgs, which generally corresponds with the water 
level measured in standpipe P-7 at 0.83 m bgs. A layer of cold wet tailings was encountered approximately 
1.3 m bgs and frozen tailings was encountered approximately 1.5 m bgs. No oxidized tailings were observed 
in the test pit. Groundwater was observed seeping into the test pit at approximately 1.3 m bgs. A photograph 
of the test pit is provided below.  
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Test Pit 2 Photograph and Descriptions 

 

STANDPIPE DATA COLLECTION 

From August 23 to 26, 2019 water levels were measured and water quality samples were collected from 
standpipes completed in Cell 1 of the Lupin TCA.  A minimum of three wellbore volumes were purged from 
the standpipes prior to sample collection. Cover saturated thickness, estimated based on the depth of water in 
the wells, and water quality results are presented in Table 1 and Table 2 with historical data from Holubec 
(2005). Each parameter is split into two columns in the tables; the first column represents historical data 
collected in 2002 and the second column represents data collected in 2019.  
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Table 1 – TCA Cell 1 Cover Saturated Thickness 

Standpipe ID 
Cover Saturated 
Thickness - (m) 

2002 2019 

P-2 0.32 0.44 

P-3 0.22 0.17 

P-4 0.49 0.58 

P-5 0.94 0.74 

P-6 0.62 0.61 

P-7 0.21 0.37 

P-8 0.42 0.59 

P-9 0.20 0.28 

 

Table 2 – TCA Cell 1 Standpipe Water Quality Results 

Standpipe ID 
pH Arsenic-Total 

(mg/L) 
Copper-Total 

(mg/L) 
Cyanide-Total 

(mg/L) 
Lead-Total 

(mg/L) 
Nickel-Total 

(mg/L) 
Zinc-Total 

(mg/L) 

2002 2019 2002 2019 2002 2019 2002 2019 2002 2019 2002 2019 2002 2019 

P-2 3.96 4.80 0.005 0.008 0.310 0.177 0.002 <0.0050 0.025 0.001 1.320 0.319 0.620 0.191 

P-4 5.70 5.10 0.004 0.013 0.190 0.079 0.060 <0.0050 0.010 0.001 0.850 0.318 0.320 0.120 

P-5 5.00 5.10 0.020 0.676 0.250 0.023 0.004 <0.0050 0.020 0.003 3.510 0.550 0.910 0.152 

P-6 5.90 5.10 0.004 0.078 0.006 0.013 0.002 <0.0050 0.002 0.001 0.015 0.125 0.035 0.049 

P-8 4.90 4.90 0.019 0.058 0.042 0.288 0.002 <0.0050 0.003 0.004 1.110 0.661 0.300 0.342 

CONCLUSIONS 

The test pit observations and standpipe water level measurements indicate that there is a saturated layer of 
cover above the tailings in the cells that were studied. Oxidized tailings were not observed within the test pits. 
In general, the water quality results from 2002 and 2019 are comparable. Based on these observations and 
measurements, the cover appears to be functioning as permitted.  
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Reference:   2 AM-LUP Technical Meeting Commitment Number 8 Response – Lupin Mine TCA 
Exposed Contaminants at Closure Water Levels 

Introduction 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources is requesting the renewal 
and amendment of their existing Type “A” Water Licence No: 2AM-LUP1520, to allow for Final Closure and 
Reclamation of the Lupin Mine Project (Lupin).  The Nunavut Water Board (NWB or Board) Water Licence 
Application No. 2AM-LUP1520 Technical Meeting was held June 6-7, 2019 in Kugluktuk and Appendix D of 
the June 18, 2018 Pre-Hearing Conference Decision Report outlines the agreed upon List of Commitments 
(Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support the responses to select 
commitments and this technical memo provides the responses to fulfill Commitment No. 8, shown below, 
which relates to a decision matrix that will be used to determine how exposed tailings (or contaminants) will 
be handled on a case by case basis when lowering the water level in the Lupin Tailings Containment Area 
(TCA) at closure.   

08 LMI CIRNAC 
Decision matrix/tree that determines how exposed 
tailings will be handled on a case by case basis 
when lowering the water level in the TCA. 

15-Oct-19 Technical 
Memo 

Commitment No. 8 was fulfilled by preparing the attached Figure 1 Decision Matrix for Contaminants Exposed 
above Lupin Mine Tailings Containment Area Closure Water Levels.  The options, risks and advantages 
supporting each decision item in the matrix are detailed within.  
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Figure 1: Decision Matrix for Contaminants Exposed above Lupin Mine Tailings Containment Area Closure Water Levels
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Reference: 2AM-LUP1520 Technical Meeting Commitment Number 11 Response – Geophysical 
Survey Lupin Mine Tailings Containment Area Dams  

INTRODUCTION 

Lupin Mine Incorporated (LMI), a wholly owned subsidiary of Mandalay Resources Corporation is requesting 
the renewal and amendment of their existing Type “A” Water Licence No: 2AM-LUP1520, to allow for Final 
Closure and Reclamation of the Lupin Mine Project (Lupin).  The Nunavut Water Board (NWB or Board) 
Water Licence Application No. 2AM-LUP1520 Technical Meeting was held June 6-7, 2019 in Kugluktuk, 
Nunavut.  Appendix D of the June 18, 2018 Pre-Hearing Conference Decision Report outlines the agreed 
upon List of Commitments (Commitments). Stantec Consulting Ltd. (Stantec) was retained by LMI to support 
the responses to select commitments and this technical memo provides the responses to fulfill Commitment 
No. 11, shown below, which relates to conducting a geophysical survey along two selected Lupin Mine 
Tailings Containment Area (TCA) dams. 

11 LMI ECCC 
One-time geophysical survey conducted along 
two selected dams to confirm the condition of 
frozen cores. 

15-Oct-19 Technical Memo 

Two dams were selected by Stantec for the geophysical surveys; Dam 3D representing and internal TCA dam 
and Dam 4 representing an external TCA dam (Figure 1). Dam 3D and Dam 4 were specifically selected 
since they both have thermistors installed for calibration.   Aurora Geosciences Ltd. completed the surveys 
and the methods, results and interpretation are include in the attached memorandum titled “Lupin Tailings 
Dams Geophysics Survey 2019”.    
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