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1 INTRODUCTION AND OBJECTIVES 
Troilus Gold Corp. (Troilus) has requested WSP Canada Inc. (WSP) to complete a feasibility study (FS) for 
the Troilus project. Troilus is planning to restart mining operations at its Troilus site north of Chibougamau, 
Quebec. This project would involve additional major developments by expanding and creating new open 
pits, expanding the footprint of the tailings storage facility (TSF), placing new overburden, waste rock and 
ore piles, constructing a new process plant and road infrastructure, developing a site-wide water 
management plan (WMP) and providing other associated infrastructure. The current layout of the perceived 
site along with existing mine features is shown on Figure 1. 

This report presents the results of a two-dimensional (2D) limit equilibrium stability analysis to advance the 
geotechnical design of the required waste rock dumps, overburden stockpiles and low-grade ore (LGO) 
stockpile for the newly developed site. The geotechnical recommendations provided in this report are based 
on the results of analyses performed. The approximate layout of the various dumps required for the new 
operation was developed by others based on storage volume requirements, minimized haulage distance, 
and limited available space (AGP, 2024). This stability assessment is required to support the feasibility 
design and construction of the dumps throughout the life of mine with consideration of site closure needs. 

This study utilized existing pertinent background data from previous geotechnical investigations, survey, 
monitoring, area seismicity, overall site conditions, and infrastructure layouts to assess the slope stability 
of the proposed dumps. We understand that additional geotechnical investigation may be required for the 
final design and layout; however, the intention of this study was to develop preliminary slope specifications 
based on the currently perceived site conditions. 
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2 SCOPE OF WORK 
The scope of work for this project involved the following activities: 

 Review of the site plan with proposed locations of the dumps along with other proposed infrastructure 
and general surface geology. 

 Review site plan with the locations of previously drilled boreholes and test pits. 

 Development of critical cross sections to be analyzed for stability based on data obtained from 
previously carried out geotechnical boreholes and test pits, and proximity to critical infrastructure and 
open pits. 

 Estimation of model parameters for native overburden, waste rock, low grade ore, and topsoil/peat. 

 Perform stability analyses of various slope configurations, bench widths, dump heights and estimated 
angle of repose of the stockpile material. 

 Consideration of leaving organic layers in place or removal. 

 Present recommended slope configurations for each dump and provide reasoning. 

 Provide recommendations for additional geotechnical investigation to verify site conditions for the final 
design stage. 

Figure 1 is a site plan drawing showing the general layout of the dumps, tailing storage facility and open 
pits at the end of 22-year operation. This figure also shows the locations of existing boreholes, test pits and 
identifies the sections where stability analyses were carried out. 
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3 BACKGROUND 
The Troilus mine site had been in operation since the early 1990s up until 2009 with open-pit mining of the 
copper and gold mineralization zones (zones 87 and J4 discovered in 1991). Closure approval was received 
in 2010. The mining rights were then acquired by First Quantum in 2014 and then bought by Troilus Gold 
Corp. in 2017 who are currently planning to restart the mine. The restart project includes the extension of 
pits 87 and J4 as well as the development of the new pits X22 and SW. The new life of mine is estimated 
to be 22 years. 

Multiple site investigations have been carried out since early 1990s. Geotechnical explorations include 
boreholes, test pits and water monitoring wells. 

This study is a part of an overall feasibility study for the design of the mine including new open pits, process 
plant, water management plan, tailings storage facility, and dumps (overburden, waste rock, and low-grade 
ore). This report is limited to the dumps. 
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4 GEOLOGY 

4.1 BEDROCK GEOLOGY 
According to a WSP report (2022), the bedrock consists mainly of felsic and intermediate metavolcanic 
rocks in the southern part of the project site, while the central and western parts are composed of 
intermediate to mafic basalt-type metavolcanic rocks. The eastern part of the project site is crossed by a 
granitic pluton. This magma thrust introduced dikes into the fractures of the metamorphic rocks and caused 
alteration of the surrounding rock walls (GEOCON, 1993). 

4.2 SURFACE GEOLOGY 
The unconsolidated deposits that cover the bedrock over most of the project site are essentially Quaternary 
glacial deposits consisting of fluvio-glacial and alluvial origin. Till, up to 30 m thick, overlies bedrock. The 
till is composed of boulders, pebbles, gravel and sand with variable proportions of silt. In the central portion 
of the project site, a layer of sand and gravel and fluvio-glacial deposits are found which are generally loose 
and up to 15 m in thickness (GEOCON, 1993). In the lower parts, under peat bogs and around the lakes, 
sand deposits of the order of 2 m thick are present. Organic deposits up to a few metres thick were also 
observed (GEOCON, 1993). 
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5 LAYOUT OF STOCKPILES 
The project feasibility design considers 11 stockpiles with a total waste capacity of 1,218 M tonnes (1,099 
M tonnes waste rock, 72 M tonnes overburden) and 47 M tonnes low grade ore (LGO). These storage 
facilities constitute three types of waste material: six stockpiles for overburden, five for waste rock, and one 
for LGO as shown on Figure 1. The stockpile heights range from 30 to 120 m from the current ground 
surface. 

The stockpiles are generally located on natural deposits of till and/or gravelly, sandy and silty material with 
a total thickness of less than 20 m or on existing fill from previous mining activities The natural soil is mostly 
covered with a thin layer of peat/organic matter generally less than 1 m thick with one site reported to have 
a thickness of about 2 m of peat. 

The entire mine site footprint has limited space for these piles and thus there are several locations scattered 
around the site and these are generally located close mine infrastructure, including open pits. As such, the 
side slopes of these dumps must be steep to contain the required volume within relatively small areas. 
Additional measures are required to ensure safe working conditions near the toe areas of the piles while 
maintaining accessibility. 

The waste rock dumps are assumed permanent structures as oppose to overburden and LGO stockpiles. 
The overburden stockpiles material should be used for progressive reclamation of the mine while the LGO 
stockpile should be depleted by the end of mine life after 22 years of operation. 
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6 DESIGN BASIS INFORMATION 
The seismic data for this site was obtained from the 2020 National Building Code of Canada (NBCC, 2020) 
earthquake ground motions from the 6th Generation National Seismic Hazard Model developed by the 
Geological Survey of Canada National Building Code of Canada and the design criteria selected was based 
on “Guidelines for Mine Waste Dump and Stockpile Design (2017)”. The recommended seismic factor and 
Factor of Safety (FoS) selected for use in the stability analyses were derived from the guidelines based on 
confidence of the dumps’ physical parameters and the consequences if a failure were to occur. Based on 
minimal foundation data at this time, combined with a low to moderate consequence/hazard (particularly if 
mitigation measures are in place) and the reasonably short mine life, an earthquake event with an annual 
exceedance probability of a 1 in 475-year return period and a peak ground acceleration (PGA) of 0.059g 
was selected for use in the analyses. The design criterion for seismic coefficient in pseudo-static analysis 
(1/2 of the PGA) was determined to be 0.0295g. 

The design criteria are presented below in Table 1 with the understanding that the minimum FoS required 
may not be achieved for the inter-bench slopes formed by end dumping over the outer edge. These slopes 
may slough onto the lower bench level over time until a flatter slope is naturally formed. Mitigation measures 
are suggested at the end of this report for critical areas where this sloughing or ravelling of boulders could 
be of concern and is a major reason why the benches are provided to limit the height of the steep slopes. 

Table 1: Global Failure Design Criteria 

Item Criteria Unit Value Source 

1 Design earthquake event - 1:475 Annual 
Exceedance Probability 

Guidelines for Mine Waste Dump 
and Stockpile Design (2017) 

2 Design earthquake peak 
acceleration (PGA) g 0.059 NBCC, 2020 

3 PGA reduction factor for limit 
equilibrium analysis - ½ Hynes-Griffin and Franklin 1984 

4 Minimum Static FoS 1.5 Guidelines for Mine Waste Dump 
and Stockpile Design (2017) 

5 Minimum Pseudo-static FoS 1.1 Guidelines for Mine Waste Dump 
and Stockpile Design (2017) 

 



 
 
 

 

TROILUS GOLD PROJECT 
Project No.  2257554005 
TROILUS GOLD CORPORATION 

WSP 
March 2024 

Page 8 

7 AVAILABLE INFORMATION 
The available geotechnical data was obtained from borehole and test pit investigation programs previously 
completed. Notably, geotechnical investigation was carried out in 1991 (Dupont, 1991), 1994 (Techmat, 
1995), 1995 and 1996 (SLI, 1997), 2021 (Golder, 2022b,c), and 2023 (WSP, 2023).  

The data obtained from boreholes and test pits nearest to the analysed sections were identified for use in 
the analyses. Additional investigation will likely be required in critical areas where insufficient data was 
available to support detailed design of the dump slopes, bench heights and widths. The locations of 
boreholes and test pits are show on Figure 1. 

For each dump, at least one critical cross section was identified based on the geomorphology of the site, 
including the boreholes and test pits from the previous investigations and located in the vicinity of the cross 
section, as well as the estimated final elevation of the pile, provided by others. 

For each critical cross-section there were one or two boreholes and a few shallow test pits that were 
identified to determine local overburden material properties for use in stability analyses. Borehole and test 
pit data included bedrock depth, overburden stratigraphy/classification, SPT results (for blow count-strength 
interpretation) and groundwater levels. 
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8 METHODOLOGY AND CRITERIA 
Critical sections were selected for 2D limit equilibrium stability analysis for each of the waste rock dumps, 
overburden and LGO stockpiles (11 in total) based on availability of geotechnical data, topographic data, 
and adjacent mine infrastructure information. Dump sections where overburden conditions were considered 
to be poor or where the dump was adjacent to critical mine infrastructure (including open pits, roadways, 
powerlines, or other areas where personnel will frequent), were identified as critical sections requiring 
analysis. 

Characteristics of the foundation and dump materials were established for all 11 sites using the information 
derived from boreholes and test pits. Strength and unit weight values for native overburden materials were 
estimated based on borehole drilling data, test pit data and testing, as well as established geotechnical 
interpretation. Some extrapolation of the data was required due to the limited database. 

The dump material properties were estimated based on experience on similar projects and view of existing 
waste materials at this site. 

To evaluate the effect of the surficial peat layer encountered in most areas where original ground surface 
remained, the stability analyses were carried out for the peat layer remaining in place and with it removed 
within the toe area only. 

The modelling of the waste rock dumps and LGO stockpiles considered an overall slope of 2.5H:1V. The 
modelling of the overburden stockpiles considered an overall slope of 3H:1V. All models sought an overall 
minimum FoS of 1.5 for static and 1.1 for pseudo-static conditions. The inter-bench slopes were as the 
angle of repose (based on end dumped slope formation with no slope flattening) for all stockpiles. These 
slopes were estimated to be 1.3H:1V (38 degrees) for waste rock and LGO, and 1.7H:1V (30 degrees) for 
overburden. 

To maximize the capacity of the dump storage, bench widths were minimized, while maintaining sufficient 
width for one-way traffic and protection berms (this may be adjusted based on specific construction 
equipment access needs during operation and reclamation for closure). 

The water table was modelled to be at the ground surface for a conservative approach. The ground water 
levels are generally near the surface at the site and will tend to be lower in areas near the active open pits. 

Since the inter-bench slopes will be constructed by end dumping the waste, steep slopes are expected to 
form at the angle of repose (defined by the friction angle of the fill). This slope inherently will have a factor 
of safety of 1.0 which is well below the design criteria for the overall slope. This is a feature that does not, 
in itself, create a large volume failure concern but can result in shallow sloughing or ravelling. These shallow 
surface failures have been included in our analyses to aid in showing where this can be a concern and 
where appropriate mitigation measures can be applied. Mitigation measures are described further in 
Section 12 of this report. 
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9 SITE CHARACTERISTICS 
Most of the sites that were not affected by previous mining had a thin surficial layer of peat which was 
generally less than 1 m thick. Beneath the topsoil, there is a zone of non-cohesive, generally sandy soil, 
sometimes with traces of gravel and/or gravel/cobbles and boulders down to bedrock at depths ranging 
from 1.2 m to 23 m. The soil density is variable between loose and very dense but mostly dense. Bedrock 
is of volcanic type and its quality is very good. 

The internal friction angle, φ, of the soil strata encountered was estimated from SPT values (standard 
penetration tests) using Bowles’ recommendations (Bowles, 1996). For each site, soil strata encountered 
were classified based on their grading and internal friction angles; the representative characteristics for 
each stratum identified at each of the analyzed sections are presented in Table 2. 

The water table was generally not recorded in the boreholes and test pits, but the soil moisture was almost 
always reported to be high, indicating near-surface groundwater. 

The terrain was mostly flat except in some areas where features existed, including eskers, the tailings 
facility and other features remaining from previous mining activities. 

Table 2: Site General Specification and Material Properties  

Item Sections/ 
Dump Locations Material 

Bedrock depth  
(m below ground 
surface) 

Number of 
Foundation 
Overburden Layers 

ϕ’ (degree) for 
Each Layer from 
Surface  

1 87-WD Waste Rock 5 to 9 2 Peat/30 
2 Super-WD1 Waste Rock 4 2 Peat/36 
3 Super-WD2 Waste Rock 7 2 Peat/33 
4 87-OB1 Overburden 9.3 4 Peat/32/38/34 
5 87-OB2 Overburden 14 3 30/34/40 
6 NW-OB Overburden 1.2 to 8 2 Peat/34 
7 LGO2 Low Grade Ore 9 2 Peat/34 
8 West-WD Waste Rock 10.4 2 Peat/33 
9 West-OB Overburden 18 to 23 4 30/peat/32/40 
10 SW-OB Overburden 5.6 to 22.6 4 Peat/34/33/40 
11 SW-WD Waste Rock 5 to 7 2 33 
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10 STABILITY ANALYSIS 
The 2D stability analysis of the waste rock dumps, overburden dumps and LGO stockpiles were carried out 
using GeoStudio SLOPE/W which is a limit equilibrium software tool developed by Geo-Slope International 
Ltd for modelling the stability of slopes and embankments. The Morgenstern-Price method of slices was 
employed to analyze potential failure surfaces through the slopes and underlying foundations. The analyses 
were conducted to locate the most critical failure surfaces, and these were used to provide a level of 
conservatism for the design of the proposed slope configurations. 

The analyses were carried out using drained conditions, both in the foundation and in the dumps as shown 
in Table 3. 

Table 3: Material Parameters used in Stability Analysis 

Item Material Unit Weight 
(kN/m³) 

Effective Cohesion 
(kPa) 

Effective Friction Angle 
(°) 

1 Waste rock 20.5 0 38 
2 Overburden 17 0 30 
3 Peat 12 5 28 

 

The stability of the slopes was analyzed under static and pseudo-static loading using data presented in 
Table 1. The analyses were carried out for two cases: one where the existing peat layer remains in place 
and the other where the peat layer is removed from the toe area.  

Initial bench widths and heights were developed in consideration of the need for construction equipment 
access as well as to limit runout from fill sloughing as expected from slopes constructed by end dumping 
from height. For single benches, the height and width were initially considered as 20 m in waste rock dumps 
and LGO stockpiles. In the overburden dumps the height and width were considered as 10 m and 13 m, 
respectively. The overall slope was selected as 2.5H:1V for waste rock and ore piles and 3H:1V for 
Overburden. 

The details of stability analyses including geometry (depth of bedrock, thickness of native soil layers, 
mechanical properties of soils and dump materials) geotechnical data (material properties, phreatic 
surface), location of the critical sections, the cross sections analysed, geometry of each dump section and 
the results are presented in figure form in Appendix A (Figures 2 through 55). 

The results of the analyses are also summarised in Table 4 which also provides a summary of the geometry 
of each dump. For each cross section, the overall slope of dump, the slope of individual benches, the width 
and height of benches, and the dimensions of the benches are shown.  

For each cross section the minimum factor of safety (FoS) against shallow surficial failure was accessed 
and shown for the following conditions: peat left in place and peat removed; static and pseudo-static. The 
factor of safety was also determined and presented considering a major (large scale) failure of the dump 
for similar conditions as above. 

Recommendations resulting from the analyses follow in the next section. 
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Table 4: Summary of Stockpiles Geometry and Stability Analysis Results 

Section Condition 
Minimum Factor of Safety (FOS) Slope Geometry Bench Dimensions (m) 

Static Pseudo-static Overall Single Bench 
1st and 2nd Benches Other Benches Last Bench 
Width (m) Height (m) Width (m) Height (m) Width (m) Height (m) Slope 

87-WD 
Single bench stability 

Peat in place 1.2 1.2 

2.5H:1V 1.3H:1V 20 10 20 20 20 4 4.2H:1V 
Peat removed N/A N/A 

Overall stability 
Peat in place 1.8 1.1 
Peat removed N/A N/A 

Super-WD1 
Single bench stability 

Peat in place 1.1 1.1 

2.5H:1V 1.3H:1V 20 10 20 20 40 20 1.3H:1V 
Peat removed 1.3 1.2 

Overall stability 
Peat in place 1.8 1.7 
Peat removed 1.8 1.7 

Super-WD2 
Single bench stability 

Peat in place 1.1 1.1 

2.5H:1V 1.3H:1V 20 10 20 20 40 20 1.3H:1V 
Peat removed 1.3 1.2 

Overall stability 
Peat in place 1.8 1.1 
Peat removed 1.8 1.6 

87-OB1 
Single bench stability 

Peat in place 1.3 1.2 

3H:1V 1.7H:1V 13 10 - - 13 9 3H:1V 
Peat removed N/A N/A 

Overall stability 
Peat in place 1.5 1.4 
Peat removed N/A N/A 

87-OB2 Single bench stability Peat Layer doesn’t exist in this cross section 1.3 1.2 3H:1V 1.7H:1V 13 10 13 10 0 4 6.2H:1V 
Overall stability 1.6 1.4 

NW-OB 
Single bench stability 

Peat in place 1.2 1.1 

3H:1V 1.7H:1V 13 10 13 10 13 5 3H:1V 
Peat removed N/A N/A 

Overall stability 
Peat in place 1.5 1.4 
Peat removed N/A N/A 

LGO2 
Single bench stability 

Peat in place 1.3 1.3 

2.5H:1V 1.3H:1V 20 10 20 20 20 7 1.9H:1V 
Peat removed N/A N/A 

Overall stability Peat in place 1.9 1.8 
Peat removed N/A N/A 

West-WD 
Single bench stability 

Peat in place 1.2 1.1 

2.5H:1V 1.3H:1V 20 10 20 20 44 20 1.3H:1V 
Peat removed N/A N/A 

Overall stability 
Peat in place 1.7 1.6 
Peat removed N/A N/A 

WEST-OB 
Single bench stability Peat Layer doesn’t exist at the Ground Surface 

at this cross section 
1.2 1.1 

3H:1V 1.7H:1V 13.62 10 - - 14 10 1.7H:1V 
Overall stability 1.6 1.4 

SW-OB 
Single bench stability 

Peat in place 1.3 1.2 

3H:1V 1.7H:1V 13 10 - - 13 6 2.8H:1V 
Peat removed N/A N/A 

Overall stability 
Peat in place 1.6 1.5 
Peat removed N/A N/A 

SW-WD 
Single bench stability 

Peat in place 1.2 1.1 

2.5H:1V 1.3H:1V 20 10 - - 27 18.8 1.3H:1V 
Peat removed 1.4 1.3 

Overall stability 
Peat in place 2.4 2.2 
Peat removed N/A N/A 

 



 

 

As expected, the analyses show that the lowest factor of safety was obtained for shallow slip surfaces along the steep 
(angle of repose) inter-bench slopes formed at the angle of repose. These cases were modelled with at least 5 m slips 
failure depths to show comparative results of all slopes analysed. Theoretically, all end dumped slopes would have a factor 
of safety of 1 and could be lower depending on the foundations. These slopes will all be subject to ravelling and flattening 
until a flatter slope is formed. 

Slope stability analyses for deeper slip failures encompassing half or more of the stockpile height were also carried out. 
These results showed that in all cases, the overall stability of the dumps would be stable and meet the design criteria. 

From the results of the analyses of the Super-WD1 and Super-WD2 cross sections, the minimum FoS against shallow 
failure under static loading conditions was 1.1, indicating that the risk of material ravelling or sloughing off the slope is likely. 
However, all of the end dump slopes have a factor of safety near 1 depending on the specific slice thickness as expected 
for end dumped slopes. Therefore, potential sloughing is expected form all inter-bench slopes and will require mitigation 
measures to prevent or mitigate potential consequences. Possible mitigation measures are provided in Section 11. These 
measures will vary depending on the potential consequences. The analytical results also showed that the existence of a 
peat layer (greater than 0.5m thick) can have a significant effect on the local stability of the lower bench lift, particularly 
under pseudo-static loading conditions. Removal of the peat results in a significant increase in stability (up to a FoS of 1.3). 
These results were similar for SW-WD. 



 

 

11 CONCLUSIONS AND RECOMMENDATIONS 
The analytical results presented in this report were based on limited data and may require some adjustment once further 
foundation investigation is obtained. In addition, available space for waste materials is currently limited, requiring high piles 
with steep slopes that will be close to infrastructure and areas where personnel will require access. As such, the primary 
focus of this work was to provide reasonable slopes to meet large scale stability needs along with ease of construction. As 
discussed, the dumps will be constructed by end dumping onto an exposed slope which will naturally form inter-bench 
slopes that can have shallow failures. Recommendations are provided below to limit the effects of these possible shallow 
failures. However, it is important that these dumps are constructed by personnel who are familiar with mine dump 
construction involving steep slopes so that they will be constructed in a safe manner. 

Based on the results of stability analyses, the suggested dump designs are as follows:  

 Waste Rock storage piles: Overall slope of 2.5H:1V; Inter-bench height of 20m; and bench width of 20 m. 

 Overburden storage piles: Overall slope of 3H:1V; Inter-bench height of 10 m; and bench width of 13 m. 

 Low Grade Ore stockpile: Overall slope of 2.5H:1V; Inter-bench height of 20 m; and bench width of 20 m. 

For piles or portions of the pile located adjacent to critical infrastructure, open pits, roadways or pathways, we suggest that 
the initial one or two lifts be constructed to half the height to reduce the chance of ravelling causing issues. Additional 
measures can include small debris catch berms on the benches and sloping the benches down from the outside edge 
towards the next slope face. 

We recommend that peat be removed from under the toe area of every stockpile and dump (5 m horizontally downstream 
and 25 m horizontally upstream), particularly where the peat thickness is greater than 0.5 m and to allow for downward 
drainage into the foundation soils. Additional removal of peat under the dump can also be done to provide organic material 
for reclamation purposes. 

The estimated net volume of peat material to be removed from the toe of stockpiles are presented in Table 5. Peat thickness 
and volume estimate may vary based on the conditions encountered in the field. 

Table 5: Material Estimate to Be Removed from the Stockpiles Toes 
Item Dump/Stockpile Name Peat Thickness (m) Perimeter (m) Net Volume (m3) 
1 87-WD 0.5 5,280 79,200 

2 Super-WD1 1 2,490 74,700 

3 87-OB1* N/A N/A 0 

4 87-OB2 0 2,100 0 

5 NW-OB 0.7 2,400 50,400 

6 LGO2 0.6 3,600 64,800 

7 West-WD 0.5 5,490 82,400 

8 West-OB* N/A N/A 0 

9 SW-OB 0.6 2,340 42,100 

10 SW-WD 2 6,000 360,000 
Total  29,700 753,600 

Note: *Stockpile will be built over an existing stockpile and doesn’t require peat striping. 

Considering that the analyses indicate the overall slopes of the dumps, as discussed above, have Factors of Safety well 
above the design criteria, and that it is only the end dump faces that are a concern, consideration can be made to steepen 
the overall slopes by reducing the bench width, provided the benches are adequately sized for equipment access and 
sufficient room for safety berms (for equipment and to prevent boulders from running further down the slope). 



 

 

This opportunity to steepen the slopes must integrate the reclamation for closure. The closure design of the dumps should 
be advanced in parallel to not jeopardize the proper future of these structures.  

Drainage measures should also be considered on the benches, particularly for the overburden pile to minimize flow down 
the outer face which can cause erosion gully formation and slope steepening.  

Instrumentation should also be considered to monitor slope movement (inclinometers, prisms, or other) as well as 
piezometers to monitor changes in the phreatic surface through the dumps which can affect stability.  



 

 

12 CLOSURE 
We trust that this report is consistent with the objectives set out for the Project and meets the present requirements of 
Troilus. We thank you for the opportunity to be of service and welcome any comments or questions you may have. 
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