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Figure 6.1: Example surveillance flow chart. 

6.1 Surveillance and Inspections by Mine and Environment Operations Staff 

The purpose of the surveillance program is to identify abnormal performance and/or unsafe 
conditions. Visual inspections ensure proper maintenance and performance of the WRSFs and 
water management procedures. Unexpected behaviour that goes unnoticed could result in 
unsafe conditions, and lead to a failure of operating systems, health and safety concerns, or 
cause adverse or unexpected environmental effects. 

The surveillance program consists of regular visual and instrumentation observations, including: 

• The conditions and performance of the WRSF, including cracking, slumping, 
depressions, seepage, and surface erosion; 

• Water levels (in the Collection and Attenuation ponds); 

• Thermal monitoring of the WRSF and surrounding ground; 

• Function of hydraulic structures (diversions, ditches or spillways); and 

• Total WRSF performance. 
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6.2 Visual Inspections 

6.2.1 Weekly Inspections 

Routine weekly visual inspections of the WRSFs should be conducted to ensure expected 
performance. Any deviances, including slumping, cracking, or erosion must be reported to 
the Engineer-of Record.  

6.2.2 Inspection After an Unusual Event 

Inspections should be carried out immediately if any of the following events occur: 

• Earthquakes; 

• Large rainfall or snowmelt; 

• Any triggers are activated on installed instrumentation; 

• A sudden rise in Collection or Attenuation Pond level. 

6.3 Water Quality Monitoring 

Contact water from the WRSF and infrastructure will be sampled and monitored in 
accordance with the Type A Water Licence, and data will be provided to the NWB through 
annual reporting. During operations, closure, and post-closure, Station ST-WT-3 (the WRSF pond 
prior to pumping to the attenuation pond/Mammoth Lake), water samples will be collected 
four times per calendar year, at least two weeks apart, when water is present (Agnico Eagle, 
2018b). Two of the annual sampling events will coincide with: 

1) The end of the freshet; and  

2) When the active zone has penetrated to its greatest depth (assumed to be between 
August and October).  

Water samples will be analyzed for the following parameters: pH, turbidity, hardness, alkalinity, 
ammonia nitrogen, total metals (aluminum, arsenic, barium, cadmium, chloride, chromium, 
copper, fluoride, iron, lead, manganese, mercury, molybdenum, nickel, nitrite, nitrate, 
selenium, silver, thallium, zinc), sulphate, TDS, and TSS.  

For a full description of mine site water quality monitoring, refer to the Whale Tail Pit- Expansion 
Project: Water Quality and Flow Monitoring Plan, Version 4, November 2018.  
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6.4 Waste Rock Testing and Characterization 

Waste rock segregation is completed by characterizing the ARD and ML potential of the 
various lithologies encountered during mining. NPAG/NML waste rock is intended for mine 
infrastructure and cover material, while PAG/ML waste rock will be stored exclusively in the 
WRSFs.  

Sampling and testing of waste rock will continue according to the guidelines outlined for the 
Approved Project, and include:  

• Sampling in accordance with the set frequency determined by the Geology 
Superintendent unless otherwise adjusted based on knowledge from previous drilling, 
visual inspections, and rock types (default sampling is every fourth drill hole in each drill 
hole pattern). The sampling frequency is to be reviewed periodically by Agnico Eagle 
and may be reduced to 1/16 drill holes for specific rock types in specific zones;  

• Drill holes should be distributed evenly throughout the blast area; 

• Drill cuttings are collected in a consistent manner. After being fully mixed in a stainless-
steel sampling tray, the drill cuttings should be placed into a polyethylene plastic bag 
and labelled using a standard convention prior to transport to the assay lab. Once 
dried and crushed to 85% passing 10 mesh (2 mm), the cuttings are split through a 
rotating sample splitter down to 500 - 800 g.  

ARD potential is generally characterized using acid-base accounting (ABA) analysis. However, 
due to the slow turnaround time for completion at a commercial laboratory, samples will be 
analyzed at the Meadowbank onsite assay laboratory. Mine staff will use total sulphur and 
total inorganic carbon to calculate the net potential ratio (NPR) of the sample. The results will 
be compared to commercial laboratory results for QA/QC. Adaptive management actions 
associated with the ARD/ML plan are provided in Section 7.1. 

For full details of the procedure refer to the Agnico Eagle Whale Tail Pit- Expansion Project, 8-
E.5: Operational ARD/ML Sampling and Testing Plan, Version 4_NIRB (Agnico Eagle, 2018c).  

6.5 Instrumentation and Monitoring 

Monitoring of the Whale Tail and IVR WRSFs will be monitored during all stages of operation to 
demonstrate geotechnical stability, safe environmental performance of the facilities, and 
efficiency of the waste management procedures. Instrumentation data is reviewed in 
accordance with detailed instrumentation design plans to identify anomalous readings that 
could indicate a change in the conditions of the WRSF or water management processes.  
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Thermal monitoring will be carried out during all stages of the mine life, including closure and 
post-closure, to demonstrate geotechnical stability and the safe environmental performance 
of the facilities. If any non-compliant conditions are identified, then maintenance and 
planning for corrective measures will be completed in a timely manner.  

6.6 Reporting Requirements 

Documentation of surveillance and monitoring activities should be maintained by the General 
Mine Manger or as designated. Reports and documentation should include: 

• Routine visual observations (weekly routine inspection logs); 

• Quarterly instrumentation reports; 

• Photographs; 

• Instrumentation monitoring and testing; 

• Analyses and evaluations. 



Agnico Eagle - Meadowbank Division 
Whale Tail and IVR Waste Rock Storage Facilities - Operation, Maintenance, and Surveillance Manual 29 

O’Kane Consultants December 6, 2019 
948-011-R-014 

7 LINKAGES WITH EMERGENCY RESPONSE 

7.1 Waste Rock Quality Management Plan 

 

Figure 7.1: Adaptive Management Actions Associated with the ARD/ML Plan (Agnico Eagle, 
2018c). 
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Getahun Haile 

Yohan Jalbert 

REF.  651298-6000-4GER-0002-00  

SUBJECT : Memorandum of the WRSF Stability analysis update 

1.0 OBJECTIVE 

1.1 General 

The aim of this document is to respond to the mine inspector’s comments on the preliminary stability analyses of 

the Waste Rock Storage Facility (WRSF) summarized in SNC-Lavalin (2017b)
1
. The memorandum presents the

results of stability analyses carried out on the WRSF based on the latest test pit data (Appendix A) and data 

collected from thermistor strings located in the existing Portage and Vault waste rock dumps which show frozen 

condition for the waste and the foundation.  

The test pit data summarized in Appendix A, which show the overburden to be composed of free draining 

materials of sand followed by sand and gravel and cobbles coupled with the thermistor data at the existing 

dumps noted above, resulted in a more realistic geotechnical parameters to be selected for the stability 

analyses as noted in Section 3. The geometry of the WRSF used for the stability analyses of the WRSF is 

presented on Figure 1.1. The WRSF has a maximum bench height and setback distances of 20 m. 

Figure 1.1 – Geometry of the WRSF (SNC, 2017) 

1
 SNC-Lavalin (2017b), Report No. 645003-3000-4GER-0002 (November). Stability Analyses of the Waste Rock Storage facility 
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1.2 Estimated Thermal Regime of WRSF and Foundation 

The thermistor data available through the existing Portage and Vault waste dumps show the foundation to be 

frozen. However, since there was no thermistor data near the toes of the dumps where the foundation will thaw, 

reliance was placed on the results of available thermal analyses summarized in Golder (2017)
2
 and Golder

(2018)
3
. These studies estimated thaw depths within the waste rock of 3.3m and 4.2 ±0.5m (or 3.7 to 4.7m)

respectively. Based on information communicated to SNC-Lavalin by AEM, the foundation of WRSF will be 

limited. However, to be on the conservative side near the toe we have assumed that where the waste rock 

thickness is less than 4.7m, both the waste rock and the foundation will thaw.   

1.3 Assumptions 

In addition to the updated geotechnical parameters, the stability review took into consideration the following 

assumptions. 

1. As described in section 1.2, all of the waste material or foundation including the stripping material,
where the combined thickness is greater than 4.7m will be frozen;

2. Bench slope used (37º) is based on angle of repose of the material in the Vault and Portage Waste
dump;

3. The WRSF material is permeable; hence the water table will follow the top of the stripping material (only
if thawed) and the top of the foundation;

4. The stripping material is assumed to cover the entire area within the upstream toe of the first bench 
as shown on Figure 1-1;

5. For the frozen stripping material, the estimated shear strength parameters for frozen condition are 
similar to the ice rich till (SNC-Lavalin, 2017

4
) but with a reduced friction angle. Based on recent 

investigation (SNC, 2018
5 

and AEM, 2018 in (Appendix A) this material is also glacial till origin with no 
indication of the presence of clay; see Appendix A for typical grain size distribution curves for the 
overburden. Incidentally, as will be presented in Section 4, for the configuration of the sectiion analyzed, 
this material does not control the stability of the it.

2.0 DESIGN CRITERIA 

The stability criteria adopted for the WRSF are those applicable for closure in (MERN, 2016)
6
 and are provided in 

Table 2.1. These criteria are derived from the mining rehabilitation guide of the Ministère de l’Énergie et de 

Ressources Naturelles (MERN, 2016) for closure of mining sites in Quebec. Incidentally, these criteria are the 

same as those of British Colombia as quoted in Table 8.4 of Hawley et al (2017)
7
.

2
 Golder (2017), Technical Memo No. 1774579-124-TM-DRAFT (June). Whale Tail Pit Project Waste Rock Storage Facility Cover Thermal 

Assessment (June 30). 
3
 Golder (2018), Technical Memo No. 1789310-177-TM-Rev. 0 (June). Whale Tail Pit Project Waste Rock Storage Facility Cover Thermal 

Assessment (June 30). 
4
 SNC-Lavalin (2017), Report No. 645003-3000 (Oct.). Stability Analyses for Waste Rock Storage Facility. 

5
 SNC-Lavalin (2018), Factual Report 651298-4000-4GER-0001_01 | Field Investigation Report, September 2018 

6
 MERN (2016), Guidelines for Preparing a Mining Site Rehabilitation Plan and General Site  

7
 Hawley, M. Cunning (2017). Guideline for Mine waste Dump and Stockpile Design, April, 2017, CRS Press 



MEMORANDUM 

Page 3 

Table 2.1: Minimum applicable Factors of safety (MERN, 2016) 

Condition Minimum Factor of Safety

Local stability (for each bank) 

Static analysis – long term 1.2 

Global stability (deep rupture or rupture in foundation) 

Static analysis – long term 1.5 

Pseudostatic analysis 1.1 to 1.3 

3.0 GEOTECHNICAL PARAMETERS 

Table 3.1 presents the updated geotechnical parameters used for stability analyses based on the latest (2018) 

test pit data and detailed geotechnical investigation. 

Following review of the latest test pit results within the WRSF footprint (see Appendix A), which show the upper 

shallow overburden to be composed of mainly sand and gravel and the thermistor data described in Section 1.0, 

the previously used geotechnical parameters for the stability analyses have been updated. The models for the 

analyses assume that only the toe area of the WRSF where the thickness of the waste rock is less than 4.7m will 

thaw and the rest of the foundation below the WRSF will freeze. The strength parameters were updated (where 

applicable) using data provided in CGE (1999)
8
 and all of the strength parameters for frozen till in that document 

include cohesion due to ice/soil grain bonding (see extract in Appendix A). 

The cohesion for the thawed till at the toe of the pile is neglected since the material in non-plastic. 

Table 3.1: Geotechnical parameters of the materials and foundation 

Material 
Bulk density 

(kN/m³) 
Cohesion (kPa) Friction angle (°) 

Rockfill 22.2 0 (Note 2) 

Stripping material (Frozen) 13.5 0 22 

Thawed till 20 0 30 

Ice poor till 
(1)

19.6 4 31.5 

Bedrock Impenetrable 

Notes: 

(1) Ice poor till parameters were obtained from Norman Wells Pipeline (1999) report 

(2) .Shear/Normal stress function with 37º max. and 30º min see plot on Figure 3.1  

8
 Geological Survey of Canada (CSC, 1999). Open File 3773. Monograph on Norman Wells pipeline – Geotechnical Design and 

Performance. 
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Figure 3.1: Values of secant friction angle for granular soils (Terzaghi et al, 1996)9. 

For the pseudo-static analyses, the seismic parameters for a 1:1000 year event were generated from the 

Geological Survey of Canada (GSC, 2017) online hazard calculator. The 1,000 year return period was obtained 

from the design criteria for the waste rock dumps at Meadowbank (Golder, 2008). Table 3.2 provides the 

seismic coefficient adopted. 

 

Table 3.2: Seismic Coefficients  

 

Design Earthquake 
(1) 

Probability of Exceedance
 

PGA
(2)

  
(GSC, 2015) 

kh
(6) 

per annum in 100 years Firm ground
(3)

 
Rock/Soil 
Boundary

(4)
 

Hard Rock
(5)

 

WRSF 1/1,000 10 % 0.030 g 0.025 g 0.025 g 0.013 g 

Notes: 

(1) Based on the Design Criteria for Waste Rock Dumps at Meadowbank (Golder, 2008). 

(2) Peak ground acceleration given in units of g (9.81 m²/s). 

(3) NBCC 2015 Site Class C with an average shears wave velocity of 450 m/s. 

(4) NBCC 2015 B/C Limit with a shear wave velocity of 760 m/s. Value estimated using the conversion factors provided by GSC (2014) 

(5) NBCC 2015 Site Class A with an average shear wave velocity greater than 1,500 m/s. Value estimated using conversion factors 
recommended by Atkinson and Adams (2013). 

(6) Horizontal seismic coefficient estimated based on the methodology proposed by Hynes-Griffin and Franklin (1984). 

 

                                                      
9
 Terzaghi et al (1996). Soil Mechanics in Engineering Practice, John Wiley & Sons, 1996.  
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4.0 RESULTS 

The results of the stability analyses are summarized in Table 4.1 and on Figures 1 to 3.in Appendix B 

Table 4.1 : Stability analyses results 

Analysis Condition/Surface failure FS obtained FS required Figure 

1 – Static loading – Frozen foundation and 
stripping material, with 4.7m deep 
(maximum) active zone at the toe of the first 
bench

Local failure through first 
bench 

1.21 1.2 1 

2 – Static loading Global failure 
Rupture through waste rock 
stockpile 

1.52 1.50 2 

3 – Pseudo-Static analysis – Global failure 
Rupture through waste rock 
stockpile 

1.48 1.10 -1.30 3 

The results of the analyses show that: 

1. The effect of cohesion for the till even small is that the both the local and global factors of safety criteria
including under pseudo static loading are respected.

2. The stripping material will be frozen hence plays no role in the stability of the pile.  As the result it could 
be placed full waste rock width i.e. between the upstream toes of the first bench as shown on Figure 1-1.

3. The difference between the static and pseudo-static FS’s is negligible on account of the low seismicity
of the site.

5.0 RECOMMENDATION 

It is recommended to install thermistor strings at a minimum of 3 locations around the waste pile to monitor how 

the thermal regime of the foundation behaves and also make periodic survey to evaluate it there’s any 

deformation during the operation.  
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APPENDIX A 

Test Pit Data

(from AEM) 
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APPENDIX B 

Stability Analysis Results 
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Figure 1: Static conditions – Frozen foundation and stripping material, with 4.7m deep (maximum) active zone at the toe of the first bench 
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Figure 2: Static conditions – Global slip surface: Frozen foundation and stripping material, with 4.7m deep (maximum) active zone 
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Figure 3: Pseudo-Static analysis – Global slip surface: Frozen foundation and stripping material, with 4.7m deep (maximum) active zone 
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APPENDIX B: Whale Tail WRSF 

Instrumentation typical cross-section 
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