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MOUNT POLLEY MINING CORPORATION 

MOUNT POLLEY MINE 

REPORT ON CYCLONED SAND CONSTRUCTION 

OF STAGE 3 AND ON-GOING STAGES OF THE 

TAILINGS STORAGE FACILITY 

(REF. NO. 11162/12-2) 

SECTION 1.0 - INTRODUCTION 

1.1 PROJECT DESCRIPTION 

The Mount Polley gold and copper mine is owned and operated by Mount Polley 

Mining Corporation (MPMC). It is located in central British Columbia, 56 

kilometres north-east of Williams Lake, as shown on Figure 1.1. The Mount Polley 

mine has been in production since June 13, 1997. Ore is crushed and processed by 

selective flotation to produce a copper-gold concentrate. The current mill throughput 

rate is approximately 20,000 tonnes per day (7.3 million tonnes per year). An overall 

site plan of the Mount Polley Mine is shown on Drawing 11162-12-100. 

Mill tailings are discharged as a slurry into the Tailings Storage Facility, which has 

been designed to provide environmentally secure storage of the solid waste. As the 

solids settle out of the slurry, process fluids are collected and recycled back to the 

mill for re-use in the milling process. There is no surface discharge of any process 

solution from the Tailings Storage Facility. 

Knight Piesold Ltd. were originally engaged by Imperial Metals Corporation in 1989, 

to provide engineering services for the design of the Open Pit, Waste Dumps and 

Tailings Storage Facility. In the period since, Knight Piesold Ltd. has provided the 

following services: 

Detailed design of all stages of the Tailings Storage Facility and Ancillary 

Works completed to date. 

Preparation of contract documents and technical specifications for all stages of 

the Tailings Storage Facility construction to date. 
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Construction supervision and quality assurance/quality control (QA/QC) for all 

stages of the Tailings Storage Facility completed to date. 

Geotechnical investigations for engineering design and construction materials 

suitability. 

• Consulting services provided to the mine on all aspects of the operation and 

monitoring of the Tailings Storage Facility. 

1.2 TAILINGS STORAGE FACILITY 

The Tailings Storage Facility is currently comprised of the following components: 

• A pipeline system which conveys the tailings slurry via gravity from the Mill 

Site to the Tailings Storage Facility. Up until 1999, the system had included a 

moveable discharge section, with spigot offtakes to distribute tailings from 

along the embankment crests. As of 1999, the system includes six - 20" 

discharge cyclones, which allow for the coarse tailings underflow fraction to be 

preferentially discharged along the upstream edge of the tailings embankments. 

The fines tailings fraction reports to the tailings deposit via cyclone overflow 

discharge pipes. In addition, a point discharge pipe allows for bulk tailings to 

be discharged directly into the tailings deposit, thus bypassing the cyclones. 

• A make-up water supply system to provide extra water to the Tailings Storage 

Facility. The system comprises an intake and pump at Polley Lake and a 

pipeline to convey the water to the Tailings Storage Facility. The water is 

discharged into the Tailings Storage Facility near the northwest abutment of 

the Perimeter Embankment. 

The Mill Site Sump and Southeast Sediment Pond that provide additional 

make-up water to the system. Mill Site runoff is directed from the Mill Site 

Sump into the tailings line near the mill. Flows from the Southeast Sediment 

Pond enter the system at the reclaim booster pump station or at the T2 

Tailings Dropbox. 
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Earthfill embankments, which retain the tailings solids within the Tailings 

Storage Facility. The Main Embankment has a vertical chimney drain, with a 

collector (longitudinal) drain and three outlet drains. 

A low permeability basin liner (natural and constructed) provides 

containment of process fluids within the facility and minimises the potential 

for seepage through the tailings basin soils. 

• A foundation drain and pressure relief well system located downstream of the 

Main Embankment to prevent the build-up of pressure in foundation materials 

and to collect seepage from the base of the Tailings Storage Facility. An 

engineered rockfill haul road located downstream of the embankment covers 

the foundation drains and the trenches that connect the pressure relief wells to 

the foundation drains. 

• Seepage collection ponds located downstream of the Main and Perimeter 

Embankments. The seepage collection ponds are excavated in low 

permeability soils and store water collected from embankment drains and 

local runoff. Water is pumped back into the Tailings Storage Facility. 

Instrumentation in the tailings and embankment foundations, fill and drains 

(including vibrating wire piezometers, survey monuments and the 

measurement of drain flows) used to monitor the performance of the Tailings 

Storage Facility. 

• A reclaim water system comprising a barge-mounted pump station in an 

excavated channel, a booster pump station and a pipeline that provides 

process water to the mill. 

• A system of monitoring wells installed around the Tailings Storage Facility 

for groundwater quality monitoring. 

The Main, Perimeter and South Embankments form the boundaries of the tailings 

impoundment. In the final configuration, the tailings embankments will be connected 
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and will form a three-sided impoundment. Specific design and operating information 

is presented in the various Knight Piesold reports referenced in Section 11 of this 

report. 

The Tailings Storage Facility has been designed to incorporate staged construction 

during operations in order to minimize initial capital expenditures and to maintain an 

inherent flexibility to allow for variations in operation and production throughout the 

life of the mine. The construction stages incorporate a combination of centreline and 

modified centreline construction methods, with on-going raises providing incremental 

storage capacity for one or two years of production. This observational design 

approach requires that the proposed raises must be continually re-evaluated during 

operations to ensure that adequate storage capacity and embankment freeboard are 

maintained throughout the mine life. It also allows for design modifications to be 

incorporated in order to respond to specific opportunities or constraints and/or to defer 

or reduce on-going costs for tailings disposal and for water management. 

1.3 SCOPE OF REPORT 

MPMC have requested that Knight Piesold complete a geotechnical evaluation of a 

revised design concept for the tailings embankments. This revised design concept 

would require the coarse sand fraction to be extracted from the bulk tailings stream 

by cycloning for incorporation into the downstream shell zones of the embankments. 

The central core zone of low permeability glacial till would be retained as a seepage v 
control measure in the embankments. 

This report presents the concepts for the on-going construction and operation of the 

tailings impoundment using cycloned sand as a primary construction material. It is 

intended to provide supporting documentation for revisions to current operating ~ 

permits. Based on the results of the design report, technical specifications and 

construction drawings will also be required for each embankment raise. Specific 

design items, which are addressed in this report, include: 

Characteristics of the cycloned sand that is produced with the 20-inch cyclones. 

Results of upstream and downstream cycloned sand trial programs, including 

in-situ and laboratory testing on the cycloned tailings sand. 
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General design features including geotechnical considerations, annual water 

balances, operating requirements, on-going construction and final reclamation. 

A risk assessment of the Tailings Storage Facility and related systems. 

MPMC have retained responsibility for the design of the cyclone operating system 

and Knight Piesold have been assigned responsibility for evaluating the geotechnical 

aspects of the proposed cycloned sand construction methodology. However, Knight 

Piesold have also evaluated the operating methods employed by MPMC during 

construction of the Upstream and Downstream Trial Berms during 1999, and have 

provided recommendations for improving the efficiency of the pipeworks systems 

and cyclone operations. This overview evaluation has also allowed Knight Piesold to 

complete the Risk Assessment for the proposed operating scenario. 

Knight Piesold has also considered the cycloned sand materials balance in some 

detail in order to evaluate the construction sequencing required to facilitate direct 

hydraulic placement of cycloned sand materials in the embankment shell zones. This 

sequencing is important in order to minimize the volume of embankment fill that will 

need to be placed by mechanical methods. However, these material handling 

requirements and construction sequences require a detailed review by MPMC, since 

the methods and procedures for cycloned sand production and placement may require 

increased staff as well as additional equipment and mechanical support as compared 

to the trial programs implemented in 1999. The construction sequences and 

placement methods will also impact the geotechnical characteristics of the 

embankments and the design and operation of the water management systems. 
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SECTION 2.0- PROPOSED MODIFICATIONS TO IMPOUNDMENT 

DESIGN 

2.1 GENERAL 

The proposed design revisions for the embankment are illustrated schematically on 

Figure 2.1. In summary, the following modifications can be identified from this figure: 

• The use of a significant fraction of the tailings stream as a construction material 

results in a reduction in the required storage capacity for the impoundment. 

The ultimate height of the impoundment and confining embankments is 

reduced by approximately 3 meters. 

• The downstream slope of the embankment is flattened from 2H: 1 V to 3H: 1 V, 

which is better for closure. 

• The core zone alignment has been modified to be consistent with a centreline 

construction methodology rather than the slightly upgradient inclination that 

was incorporated in the previously envisaged modified centreline construction 

methodology. 

• The internal drainage measures have been modified to take advantage of the 

relatively ~ draining nature of the cycloned sand. These revisions include /.. 

the removal of vertical extensions to the chimney drain and addition of 

underdrainage features such as spine drains. 

• Additional vibrating wire piezometers will be installed to monitor drainage in 

the cycloned sand shell zone. 

• The drainage sump and associated pipeworks will be relocated to facilitate 

placement of the flatter embankment slope. 

• The Seepage Recycle Ponds and runoff collection ditches will be modified to 

allow construction of the flatter embankment slopes and to support the updated 

water management plan. 
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These design modifications have been incorporated into the updated Stage 3 design 

Drawings 11162-12-100 to 159. An updated Final Arrangement for the impoundment 

is also included on Drawing 11162-12-200. 

The use of cycloned sand for construction of embankment shell zones is predicated on 

the assumption that the cycloned sand product will be geochemically inert. MPMC 

have completed a comprehensive evaluation of the geochemical characteristics of the 

tailings and have determined that it will be suitable for use in the embankment zones 

("Tailings Cyclone Sands Geochemical Evaluation", Mount Polley Mining 

Corporation). 

2.2 REVISED IMPOUNDMENT FilLING SCHEDULE 

The filling schedule has been updated for the cycloned sand embankment concept as 

shown on Figure 2.2. The impoundment storage requirements have been reduced by 

the volume of sand that will be used to construct the embankment shell zones, but 

have been partially offset by an anticipated reduction in the stored density of the finer 

impounded tailings. Allowances for storage of process water, make-up water from 

Polley lake and emergency freeboard for containment of runoff from the PMP event 

along with an additional 1 meter for wave run-up have not changed from previous 

studies. 

The filling schedule for the period from start-up in 1998 to the end of 2002 is also 

presented on Figure 2.3, to allow more detailed inspection when considering the 

specific requirements for Stage 3 construction. The revised quantities for Stage 3 

construction are summarized in Table 2.1. 

2.3 UPDATED DESIGN CRITERIA 

The design criteria for the Tailings Storage Facility are summarized in Table 2.2. 

Items that have been changed or have been added since the last Knight Piesold 

Updated Design Report (Ref. No. 1627/2, June 1997) are as follows: 

Tailings throughput 

Final embankment height 
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• Cycloned sand downstream shell slope 3H:1V 

• Cycloned sand angle of repose 5.5H: IV 

• Pulp density of cycloned sand underflow 75% 

• Average cyclone availability 75% 

• Cyclone underflow/overflow split 35% I 65% 

• In-situ dry density of cycloned sand underflow 1.6 t/m3 

• Annual cycloned sand production rate 3200 m3/day 

• Annual cycloned sand operation period 7 months 

Cycloned sand permeability 7 x 104 cm/s 7 • 

The cycloned sand production rate of 3200 m3/day is based on the mill throughput of 

20,000 tpd at a 35% split and a 75% availability. The 75% availability is an assumed 

value that has not yet been confirmed during the 1999 cyclone trial programs. It is 

understood that MPMC will implement modifications to the pipeworks systems and 

operating procedures in order to achieve this higher level of availability. 
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SECTION 3.0- CYCLONED SAND TRIAL PROGRAMS 

3.1 GENERAL 

The use of cycloned sand for tailings embankment construction was addressed in the 

Knight Piesold document "Evaluation of Cycloned Tailings for Embankment 

Construction" (Knight Piesold Ref. No. 11162/11-1). This report provided a 

preliminary evaluation of the use of cycloned tailings sand for construction of the 

Mount Polley Mine tailings embankments. 

Cycloned sand tailings were first produced at the mine in a trial program in 

September and October, 1998. Two cyclones were used; one with a diameter of 50 

inches (Krebs D50) and one with a diameter of 20 inches (Krebs D20). The cyclones 

were set up on skid mounted frames, near the left abutment of the Perimeter 

Embankment. Results of this program determined that the cycloned sand had suitable 

geotechnical properties and would be acceptable for use as embankment fill. This 

study recommended that trial studies be carried out in 1999 in order to evaluate the 

techniques to be employed in constructing the embankment using cycloned sand. 

These additional trial studies would also be carried out to confirm the suitability and 

availability of cycloned sand for use in future embankment construction programs. 

Two separate trial programs were conducted during 1999. These included 

construction of an Upstream Trial Berm along the upstream crest of the Main and 

Perimeter Embankments and a Downstream Trial Berm constructed in a local cell 

immediately adjacent to the Perimeter Embankment Seepage Collection Pond. 

Extensive field and laboratory testwork have been carried out in conjunction with 

these trial programs. 

A Cone Penetration Testing (CPT) program was conducted in November 1999 

following cyclone operation. This testing was carried out in part to assess cycloned 

sand materials suitability. A total of twenty three (23) CPT tests were carried out 

along the upstream Main and Perimeter embankment Upstream Trial Berms and the 

Perimeter embankment Downstream Trial Berm, as discussed in Section 3.4.5. 

- 9- 11162/12-2 
Revision 0 

December 13, 1999 



3.2 RESULTS OF UPSTREAM TRIAL BERM 

As a trial run to evaluate a full-scale cycloning program, cycloned sand tailings were 

utilized in the upstream shell zone of the 1999 Stage 2C embankment. This consisted 

of constructing a cycloned sand berm directly upstream of the Main and Perimeter 

Embankment crests. Upstream cycloned sand deposition took place along the Main 

and Perimeter embankments from May to October, 1999. Six 20-inch diameter 

cyclones were used. Typical cyclone operations consisted of four cyclones being 

operational, with the additional two cyclones used to maintain cycloned sand 

deposition during cyclone moves. 

From May to August 1999, approximately 200,000 m3 of cycloned sand was 

deposited along the Main Embankment upstream berm. Material from the cycloned 

sand berm was mechanically placed along the upstream till core interface, to provide 

an upstream embankment shell zone. The original plan for upstream deposition 

included for two cyclone passes to be made along the Upstream Trial Berm areas, to 

reach the final cyclone berm geometries. Actual deposition along the upstream Main 

Embankment was completed in one pass, in order to minimize cyclone moves. The 

Upstream Trial Berm was constructed to an elevation of 940 meters, with a height of 

about 4 meters along the extent of the Main Embankment. The cycloned sand piles 

typically set up at an angle of repose of about 5 .5H: 1 V, although flatter sections were 

also encountered at some cyclone locations. 

The cyclones were positioned upstream of the Perimeter Embankment during 

September and October 1999. During some of this time, two of the cyclones were 

used for deposition within a Downstream Trial Berm, as discussed in Section 3.3. 

Due to accelerated construction requirements, upstream cyclone operations along the 

Perimeter Embankment were suspended in October 1999, prior to the completion of a 

continuous upstream cycloned sand berm. Stage 2C construction along the Perimeter 

embankment allowed for upstream cycloned sand to be used in conjunction with a 

rockfill coarse bearing layer, over which a till upstream shell zone would be 

constructed. 

Results of the 1999 upstream cyclone operations confirmed that the geotechnical 

characteristics of the cycloned sand underflow are suitable and suggest that these 

materials can be used to construct the shell zones of the embankments. The drainage 
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characteristics of cycloned sand were found to be sufficient to support medium­

weight machinery within several days following deposition. Drainage of the sand 

was found to be accelerated by equipment trafficking within the cycloned sand areas. 

Drainage was also enhanced by excavation of a drainage ditch between the upstream 

embankment till core and the cycloned sand berms. 

The 1999 cyclone operations also allowed for an evaluation of techniques to be 

employed in constructing the embankment using cycloned sand, as well as to confirm 

the suitability and availability of cycloned sand for embankment construction. These 

aspects are discussed further in subsequent sections of this report. 

3.3 RESULTS OF DOWNSTREAM TRIAL BERM 

The Downstream Trial Berm was constructed in two phases during September and 

October 1999. The trial berm was built along the downstream side of the Perimeter 

Embankment to assess the performance in two phases of cycloned sand tailings 

placement in the downstream shell zones where better underdrainage conditions could 

be achieved. For Phase 1 cyclone deposition, a small rockfill confining berm was 

constructed along the downstream toe of the trial area as shown on Figure 3 .1. 

Two planes of vibrating wire piezometers were installed within the trial berm area, to 

assess the piezometric conditions along both a "drained" and "undrained" section of the 

trial discharge area. As shown on Figure 3.1, the "drained" section was positioned 

along existing piezometer plane "D", at the location of the Perimeter embankment 

outlet drain OD-4. An "undrained" piezometer plane "F' constitutes a new section of 

piezometers, and was positioned 20 metres south-east of plane "D". It should be noted 

that the entir~ base of the trial area is underlain by pervious free draining Zone T 

materials, and the "drained" and "undrained" designations have been adopted to 

distinguish between areas of the trial that may or may not be influenced by the existing 

gravel outlet drain (OD-4) which extends up the 2H: 1 V slope of the Stage 2 

embankment in this area. Pore pressure results from the monitoring of Planes "D" and 

"F' piezometers are included in Appendix B. 

Two backhoe trenches were excavated within the cycloned sand deposit following 

Phase 1 deposition. Nuclear densometer field density and moisture content testing 

were carried out with depth within each trench, and samples were collected for further 
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laboratory testing. Additional surface tailings samples were also collected from various 

locations within the downstream trial area. The Phase 1 trenches and sampling 

locations are shown on Figure 3.1, with results of laboratory and field testing 

summarised in Table 3.1, as well as Appendices A and B. 

Results of the trenching program indicate that cycloned sand achieved about 95% 

compaction from hydraulic placement alone, with moisture content values ranging 

from approximately 8% near the surface to over 25% within saturated zones at depth. 

The trenching program also provided direct evidence of the drainage in the sand pile. 

In Trench No 1, the phreatic surface was encountered at a depth of about 2 meters, 

whereas in Trench No 2 the water level was identified at a depth of about 3.5 meters. 

This variation in phreatic depth is attributed to the fact that active cycloning over 

Trench No 1 stopped two weeks earlier than that of Trench No 2. Other factors may 

include a slight difference in the duration of cycloning as well as slight variations in 

sand gradations from the two cyclones. These observations suggest that the rate of 

percolation ranged from 0.2 to 0.4 rn!day within the trial area. This percolation rate 

must be factored into the cycloned sand placement strategy, particularly when the 

drained sandy tailings are used to construct confining berms for containment of 

successive layers of sand. These results indicate that 1 to 3 weeks of drainage will be 

required in order to allow adequate drainage to occur in the top 2 to 4 meters of the 

sand deposit. 

The Phase 2 trial area was prepared by excavating the toe of the previously deposited 

cycloned sand with a backhoe and placing it along the inside of the Phase 1 rockfill 

berm to a height of about 2 meters. This berm served to contain cycloned sand during 

the second phase of deposition. As shown on Figure 3.1, the cycloned sand was 

deposited at an angle of repose of approximately 5.5H: 1 V, which was similar to the 

slopes formed on the Upstream Trial Berm. 

The flow rates from outlet drains OD-4, 5, and 6 were also monitored during cycloned 

sand placement in the downstream trial area, and are included in Appendix B. A peak 

flow rate of about 3 1/s was measured during the trial program. Extrapolation of this 

peak flow rate to full scale operations using six cyclones yields an estimated water 

recovery rate of 15 1/s to 20 1/s. An independent check on this extrapolated value can 

also be obtained by calculating the volume of water that will drain from the cycloned 

sand. Assuming a steady state cycloned sand production rate of 3,200 m3/day, an initial 
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pulp density of 75%, and a final average moisture content of 10% after drainage, a 

steady state drainage rate of 16 1/s is derived. Drainage recycle systems are discussed 

further in Section 5.6. 

3.4 CYCLONED SAND SUITABILITY 

3.4 .1 General 

Cycloned tailings sand deposited in the Downstream Trial Berm were 

evaluated by means of field and laboratory testwork. The field testwork has 

been described in the preceding sections. 

Eight (8) bulk samples of cycloned sand were collected from the downstream 

trial area and tested at the Knight Piesold commercial laboratory in Denver, 

Colorado. Five (5) of the samples were collected from the two trenches 

excavated within the Downstream Trial Berm. The remaining three (3) 

samples were collected from the Phase 1 sand surface, at the top, middle and 

bottom of a cyclone discharge cone. This testwork provides information on 

the particle size distributions, permeability, compressibility and shear strength 

of the cycloned sand materials. Locations of the cycloned sand samples are 

shown on Figure 3 .1. Results of the laboratory testing are summarized in 

Table 3.1. 

3.4.2 Index Properties 

The cycloned sand material is typically comprised of a uniform non-plastic 

fine sand with about 23 to 26% silt sized particles. The specific gravity is ----------approximately 2.87. The particle size distribution for the cycloned sand 

samples are shown on Figure 3.2 

3.4.3 Density, Moisture Content and Permeability 

Field density and moisture content information was collected during 

excavation of the two trenches in the trial berm as discussed in the previous 

sections of this report. These results showed that the moisture content 

typically increased with depth and extrapolation of the data suggests that the 
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steady state in-situ moisture content of the drained pile will be in the order of 

10 to 12%. 

A Standard Proctor compaction test was also completed on each of the trench 

samples. These tests indicated that the maximum dry density of the sand was 

1.72 t/m3 for Trench No 1 sample and 1.77 t/m3 for the Trench No.2 sample. 

The in-situ field dry densities determined by the nuclear densometer testwork 

show that the cycloned sands are typically deposited to a dry density that is 

about 95% of the Standard Proctor Maximum value. 

Two flexible wall permeameter tests were also conducted on representative 

samples collected from Trench Nos. 1 and 2. Permeability values were 

determined at confining pressures of 200, 400 and 600 kPa for each sample, 

in order to evaluate the reduction in permeability with depth. These data 

indicate that the permeability of the sand is typically in the order of about 7 x 

104 em/sec at the lower confining stresses and decreases slightly to about 5 x 

104 crn!s at the higher confining stress. The permeability was also found to 

be slightly lower for the sand sample obtained from Trench No. 2, and is 

attributed to the higher fines content in this sample. 

3.4.4 Triaxial Testwork 

Two triaxial tests (1 CU and 1 CD) were completed on bulk samples obtained 

from the trial area. These results indicate that the effective friction angle is 

approximately 37 to 39 degrees over an appropriate range of normal stresses. 

This correlates well with previous shear strength testwork conducted during 

October of this year, wherein a cycloned sand sample provided a friction 

angle of 38 degrees. 

3.4.5 Cone Penetration Testing 

A Cone Penetration Test (CPT) program was undertaken to assess the in-situ 

geotechnical properties of cycloned sand and bulk tailings materials. Upstream 

of the Main and Perimeter embankments, all CPT holes were pushed from the 

upstream trial berms. An electronic piezocone was advanced through the 

cycloned sand berms, and into the underlying tailings beaches. Within the 
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downstream trial area, CPT tests were performed within cycloned sand 

materials only. 

The CPT program was carried out in November 1999. A total of 23 holes 

were pushed within various areas of the tailings facility. Seven (7) holes 

were pushed from each of the Main and Perimeter embankment upstream 

cycloned sand trial berms. An additional nine (9) CPT holes were positioned 

within the trial berm area downstream of the Perimeter embankment. The 

program included shear wave velocity measurement within selected holes, in 

order to assess the stiffness characteristics of the cycloned sand and bulk 

tailings materials. In addition, pore pressure dissipation measurements were 

carried out at select depths within all holes. Figure 3.3 shows the location plan 

of cone penetration testwork and the results are included in Appendix C 

Pore pressure dissipation tests were carried out at all 9 CPT locations (CPT99-1 

to 9) within the Perimeter Embankment Downstream Trial Area. The locations 

of these CPT test holes are shown on Figure 3.1. Results of the CPT pore 

pressure dissipations indicate that the trial area is well drained, with minimal 

pore pressures remaining within the cycloned sand deposit. Measured pore 

pressures were in good agreement with the vibrating wire piezometer located 

within the downstream trial area, as included in Appendix B. 

Dissipation tests were also carried out within all CPT holes (CPT99-10 to 16) 

along the Perimeter Embankment Upstream Trial Berm. Measured pore 

pressures were generally close to hydrostatic conditions within the underlying 

beach tailings, except near surface where some higher excess pore pressures 

remain in the fresher, less consolidated, tailings. The overlying cycloned sands 

were well drained. 

Pore pressures were also measured within all CPT holes (CPT99-17 to 23) 

along the Main Embankment Upstream Trial Berm. Pore pressure results 

within these holes were consistent, with the top 3 to 4 meters of cycloned sand 

deposit being well drained. As expected, hydrostatic conditions were identified 

within the lower tailings beaches below the cycloned sand berm. 
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Based on the measured cone tip resistance, the relative density of the cycloned 

sands was estimated to be approximately 30 - 50%. This is typical for 

hydraulically placed cycloned sands and is also indicative of a relatively 

narrow range of void ratios for these uniform sands. Measured shear wave 

velocities within the cycloned sands range from approximately 80 - 120 rn/s. 

In the upstream beach tailings the shear wave velocities generally increase with 

depth from about 90 to 160 rn/s. Shear wave velocities within the cycloned 

sands will likely increase with depth with values similar to the beach tailings 

once a greater depth of material is achieved. The measured shear wave velocity 

profiles are included in Appendix C. 

3.4.6 Summary 

The field and laboratory testing indicates that the cycloned sand materials 

have suitable geotechnical properties and that hydraulic placement of these 

materials results in acceptable in-situ dry density values. The relatively fine 

nature of the materials results in permeability values of about 5 x 104 to 7 x 

104 em/sec, which are slightly less than the value of 1 x 10-3 em/sec that was 

assumed in previous studies. The field and laboratory testing does, however, 

indicate that the cycloned sands will be free draining and will be consolidated 

within a reasonable timeframe after cycloning. The shear strength 

characteristics of the cycloned sand are better than assumed in previous 

studies. 

3.5 CYCLONED SAND AVAILABILITY 

The upstream cycloned tailings program during 1999 resulted in the placement of 

approximately 200,000 m3 of sand upstream of the Main Embankment in about four 

months. The rate of underflow discharge from all four operating cyclones was 

measured four times during the cyclone operation within the Phase 1 Downstream 

Trial Berm. The average cyclone underflow discharge rate was approximately 27 

m3/hour per cyclone. The average solids content of the underflow was 75% by 

weight. The availability that was achieved during the operation of the cyclones 

during 1999 was, therefore, between 40 and 50 percent based on an underflow split of 

35%. A significant portion of the total slurry flow was likely discharged as bulk 

tailings from a point discharge at the end of the tailings header pipeline. 
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The open end of the operating section of the pipeline has controlled the pressure in 

the header pipeline. This operating procedure ensures that the header pipeline is not 

over pressurized, but results in a significant loss of bulk tailings to the cyclone 

operation. The single point discharge resulted in a reduction in cyclone availability 

of 30 to 40 percent based on the cyclone underflow discharge rate measurements. 

Cyclone operation has to be optimized in order to ensure that a sufficient volume of 

cycloned sand is produced for construction of the Stage 3 Main and Perimeter 

Embankment downstream shell zones. 
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SECTION 4.0- EMBANKMENT STABILITY AND SEEPAGE ANALYSES 

4.1 GENERAL 

The stability and seepage models previously developed for the tailings embankments 

have been updated to reflect the revised geometry and construction materials. The 

additional water discharging from the hydraulically placed cycloned sand in the 

downstream shell zone also influences these analyses. Therefore, the initial 

evaluation presented in this Section considers the rate of drainage from the 

hydraulically deposited cycloned sand and considers the particular drainage features 

that will be required to manage the flows and to maintain a depressed phreatic surface 

in the downstream shell zone during construction. 

The stability analyses presented in this section have incorporated similar modelling 

techniques as described in the "Updated Design Report" (Knight Piesold Ref. No. 

1627/2) June 6, 1997, and the seepage modelling has incorporated similar geologic 

models as in previous studies, but also considers the influence of additional tailings 

water discharge due to pore water drainage from the cycloned sand. 

4.2 LONGITUDINAL AND FINGER DRAIN SPACING 

4.2.1 General 

Longitudinal and finger drains will be constructed in order to safely convey 

the excess water from the cyclone underflow to the seepage recycle ponds. 

The drains will be spaced sufficiently close so that the phreatic surface cannot 

build to levels that could compromise the stability of the embankment. The 

two key parameters that govern the drain spacing will be the application rate 

of water from the underflow and the permeability of the cycloned sand. 

4.2.2 Application Rate 

The application rate is the steady flow rate that will be applied to the overall 

cycloned sand mass. It has been calculated by taking the underflow mass of 

water and dividing it by the number of cyclones operating and the assumed 

average cycloned sand base area of 2500 m2
. The underflow mass of water 
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was calculated by taking the underflow total mass and subtracting the 

underflow solid mass, leaving the water component of the underflow. 

Two application rates have been analysed for the calculation of drain spacing. 

The first case is that of the maximum operational application rate of 1.35x104 

em/sec as calculated by the method above. The second case is the maximum 

operational application rate with a 24 hr 1:1 00-year storm event (2 mrn/hr) 

superimposed. This results in an application rate of 1.9lxl0-4 crn/s for a 24 

hour period. These two rates will therefore bound typical application rates 

anticipated during the cyclone construction operations. 

4.2.3 Cycloned Sand Permeability 

Based on laboratory test results included in Appendix B, average cycloned 

sand permeability is 7xl04 crnls. This value has therefore been used in the 

modelling but sensitivity to a decrease in permeability has also been 

evaluated. 

4.2.4 Modelling Techniques and Results 

The drain widths were modelled at 5 meters spacing for ease of construction 

of the drains with mine equipment. The Dupuit equation (Freeze and Cherry, 

1979) was used to assess how variability of cyclone tailings application rate, 

cyclone sand permeability, and drain spacing affect the steady state phreatic 

surface height, or groundwater mounding beneath the embankments. 

Based on a sensitivity analysis, a 20 meter centre-to-centre spacing has been -

determined to be appropriate. In order to more accurately determine the­

steady state phreatic surface height, SEEP/W was used to model the 20 meter 

drain spacing as shown on Figure 4.1. From this model it has been 

demonstrated that the maximum phreatic surface height for steady state 

deposition will be about 2 meters. If the 24 hour 1: 100-year storm event 

occurs during construction, it is estimated that the phreatic surface would 

temporarily rise to a maximum height of approximately 2.8 meters. Both 

these values are acceptable, and consequently a 20 meter drain spacing has 

been adopted. 
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A sensitivity analysis has indicated that if the permeability is decreased to 

lxl0-4 crnls the phreatic surface will rise to the surface, which would be . 

unacceptable. Therefore, part of the quality control process will be to ensure 

that the percent fines in the cyclone sands remain low enough to achieve a 

permeability of at least 7x10-4 crnls. The sensitivity analysis also shows that 

if the application rate increases an order of magnitude the phreatic surface~­

will again become unacceptably high. 

4.3 STABILITY ANALYSIS 

4.3.1 General 

Embankment stability analyses were conducted using the limit equilibrium 

computer program SLOPE/W. This program performs a systematic search to 

obtain the minimum factor of safety from a number of potential slip surfaces. 

Factors of safety were computed using Bishop's Simplified Method of Slices. 

Analyses were performed to investigate the stability of the Main 

Embankment for the following conditions: 

Downstream Stability: 

• Static conditions during Stage 3, during the final year of operations 

and during post-closure. Minimum acceptable factors of safety of 1.3 

(during operations) and 1.5 (post-closure with drains blocked) have 

been adopted for these cases. 

• Earthquake loading during operations and post-closure. The stability 

of the embankment under earthquake loading was analysed by the 

pseudostatic method by applying a horizontal seismic coefficient 

(acceleration) to the potential sliding mass. Factors of safety greater 

than 1.0 imply that there will be no significant deformations of the 

embankment initiated by earthquake loading. Both the Operational 

Basis Earthquake (OBE) and the Maximum Design Earthquake 

(MDE) were considered, as determined by the hazard classification 
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for the Tailings Storage Facility. The peak ground accelerations 

corresponding to the OBE and MDE events are included in Table 2.2. 

The tailings storage facility would be expected to function in a normal 

manner after the OBE. For the MDE, damage to the tailings dam is 

acceptable, provided the integrity and stability of the dam is 

maintained and release of impounded tailings is prevented (ICOLD, 

1995). 

Upstream Stability: 

The upstream static and seismic stability of the Main Embankment has also 

been evaluated for Stage 3 and at closure for the final embankment 

configuration. 

Based on the results of previous consolidation analyses (reported in the 

"Updated Design Report Ref. No. 1627/2") the tailings were assumed to be 

partially consolidated during operations. An appropriate undrained shear 

strength was assigned to the tailings. Tailings effective strength parameters 

were used for the long-term post-closure condition when complete 

consolidation has been achieved. 

4.3.2 Material Parameters and Assumptions 

The following parameters and assumptions were used m the stability 

analyses: 

• Bulk unit weights for the embankment and foundation materials are 

based on test work conducted on representative samples as part of the 

1995 geotechnical investigations. The results were originally 

presented in the "Report on 1995 Geotechnical Investigations for Mill 

Site and Tailings Storage Facility" (Knight Piesold Ref. No. 1623/1). 

An average bulk unit weight for the tailings deposit adjacent to the 

embankment was estimated from the results of the consolidation 

analysis. The cycloned sands (Zone CS) were assigned a value based 

on the report "Evaluation of Cycloned Tailings for Embankment 
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Construction" (Knight Piesold Ref. No. 11162/11-1) and recent test 

work that is included in Appendices A and B. 

Effective strength parameters for the embankment fill and foundation 

materials were obtained from consolidated-undrained triaxial test 

work performed on representative samples obtained during the 1995 

geotechnical investigations and reported in the "Report on 1995 

Geotechnical Investigations for Mill Site and Tailings Storage 

Facility" (Knight Piesold Ref. No. 1623/1). The downstream shell 

zone has conservatively been assumed to comprise glacial till 

materials only, and no additional strength allowance has been 

included for rock fill materials, which will likely be incorporated. 

• An effective friction angle of 26° was used to conservatively 

represent the strength parameters of the top three metres of the Main 

Embankment foundation soils. These strength parameters account for 

long-term consolidation conditions of the foundation soils. This value 

was based on the consolidated undrained triaxial test work performed 

on glacial till samples. These samples were obtained during the 1995 

geotechnical investigations and reported in the "Report on 1995 

Geotechnical Investigations for Mill Site and Tailings Storage 

Facility" (Knight Piesold Ref. No. 162311). 

• A conservative effective friction angle of 32° was adopted for the 

cycloned sands (Zone CS). Recent laboratory results from cyclone 

sands taken during the trial operations and CPT test demonstrate that 

the friction angle is closer to approximately 38°. 

• Based on 1999 CPT data an average effective friction angle of 32° 

was adopted to represent the coarse beach tailings underlying the on­

going embankment raises. These coarser, free-draining tailings will 

consolidate rapidly, and will therefore exhibit drained strength 

parameters. Modelling has shown that these tailings achieve 

complete consolidation shortly after placement of the embankment 

raise. 
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Partially consolidated finer tailings during operations were assigned 

typical undrained shear strengths ranging from 10 kPa to 55 kPa at 

depth. These are based on lower bound strengths from in-situ Shear 

Vane and Cone Penetration Testing obtained at other mine sites for 

similar tailings materials. For fully consolidated tailings an average 

effective friction angle of 30° was adopted. 

• The location of the phreatic surface has been estimated from steady­

state seepage analyses. The details of these analyses are provided in 

Section 4.4. 

• Fifty percent of the peak ground acceleration in the cycloned sand 

zone (as determined from SHAKE analyses) was applied to the 

seismic modelling for both the OBE (<Xmax= 0.074g, k = 0.037) and 

MDE (<Xmax = 0.12g, k = 0.06) events, (see Section 4.3.3). 

The geometry, material parameters and location of the phreatic surface for the 

stability analyses are illustrated on Figure 4.2. 

4.3.3 Seismic Response Analyses 

A preliminary seismic ground response analysis was carried out to determine 

the ground accelerations imposed on the tailings embankment by the design 

earthquakes and the cyclic stresses within the cycloned sands. The program 

SHAKE was used to compute profiles of maximum acceleration and cyclic 

shear stress. Estimated values of soil stiffness (shear modulus) required in the 

analysis were calculated using the SPT blow count (N) data measured during 

the 1996 foundation investigations. Appropriate earthquake acceleration time 

history records were used in the analysis, scaled to the peak acceleration 

values of0.037g and 0.065g for the OBE and MDE events respectively. 

It has been estimated from the SHAKE analyses that the cyclic stress ratios 

within the cycloned sands would range from 0.04 to 0.07 for the OBE event 

and 0.07 to 0.11 for the MDE event. Based on the CPT results the cyclic 
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resistance ratio of the cycloned sands is typically around 0.05 to 0.10. 

Saturated sandy materials are potentially liquefiable when the cyclic stresses 

exceed the cyclic resistance. However, it is expected that the cyclic 

resistance of the cycloned sands will improve with time as the material 

continues to consolidate due to increases in effective stress as more material 

is placed. The trial berms indicate that the cycloned sands are well drained 

with only minor, if any, pore water pressures. Liquefaction of these materials 

would only be a concern if they were to remain saturated. 

The average peak accelerations computed for the OBE and MDE events were 

0.074g and 0.12g respectively. These values represent the average peak 

acceleration computed along the potential slip surface passing through the 

cycloned sand zone. 

For seismic loading from the Operating Basis Earthquake and the Maximum 

Design Earthquake, pseudostatic analyses were carried out using an 

appropriate seismic coefficient. Typically, a seismic coefficient equal to 30% 

to 75% of the peak acceleration is used for pseudostatic (seismic) analyses, 

depending on the design earthquake magnitude. The design earthquake 

magnitude for both the OBE and MDE events is 6.5. For the Operating Basis 

Earthquake the seismic coefficient was taken to be 50% of the average peak 

acceleration. For an average peak acceleration of 0.074g the seismic 

coefficient is 0.037. Similarly for the Maximum Design Earthquake the 

seismic coefficient was also taken to be 50% of the average peak acceleration. 

For an average peak acceleration of 0.12g the seismic coefficient is 0.06. 

4.3.4 Results of Stability Analyses 

Downstream Stability - A minimum static factor of safety of 1.58 was 

calculated for the Stage 3 case during operations. This value increases to 1.67 

for the final year of operations. A factor of safety to 1.60 for the post-closure 

conditions is due to a gain in strength of the consolidated tailings being offset 

by the increased phreatic levels in the foundations after closure. The location 

of potential slip surfaces during operations and post-closure are given on 

Figures 4.3 to 4.5. These figures show that the minimum factor of safety 

requirements as stated in Section 4.3 .1 have been satisfied. 
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Minimum factors of safety of 1.38 and 1.26 respectively were calculated for 

the OBE and MDE events for Stage 3 operations. These minimum factors of 

safety increased to 1.48 (OBE) and 1.35 (MDE) for the final year of 

operations. Minimum factors of safety of 1.41 (OBE) and 1.29 (MDE) were 

calculated for the post-closure condition. The location of the potential slip 

surface for each case is shown on Figures 4.6 to 4.8. For all earthquake 

(pseudostatic) cases, the calculated minimum factors of safety were greater 

than 1.0, which implies that the embankment will be stable with no 

significant deformations during either earthquake event. 

Upstream Stability - The minimum upstream static and seismic factors of 

safety for the Stage 3, final year of operation and post-closure conditions 

were evaluated, with the results shown on Figures 4.3 to 4.8. The loss of 

freeboard failure surfaces are all minor slips located near the top of the 

embankment due to the centreline construction method and well-drained 

sandy material being deposited close to the embankment. Minimum factors 

of safety of 1.90 (static), 1.71 (OBE) and 1.58 (MDE) were calculated for the 

Stage 3 operational condition. Minimum factors of safety of 1.73 (static), 

1.56 (OBE) and 1.45 (MDE) were obtained for the final year of operations 

and post-closure conditions. For all of the above cases the factor of safety 

requirements as stated in Section 4.3 .1 were achieved. 

The following table summarizes the factors of safety obtained for the various 

cases mentioned above: 

Downstream 

Static OBE MDE 

Stage 3 1.58 1.38 1.26 

Ultimate 1.67 1.48 1.35 

Post-Closure 1.60 1.41 1.29 

-25-

Static 

1.90 

1.73 

1.73 

Upstream 

OBE MDE 

1.71 1.58 

1.56 1.45 

1.56 1.45 
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4.4 SEEPAGEANALYSES 

4.4.1 General 

Seepage analyses were performed using the finite element computer program 

SEEP/W. The objectives of the analyses were: 

• To determine the pore water pressures within the embankments for 

stability analyses, 

• To calculate the seepage losses (to groundwater) from the tailings 

storage facility during operations and post-closure, and 

• To calculate the drainage rate during downstream cycloning and 

cycloned sand placement in order to determine the recycle pumping 

requirements. 

The seepage analyses were conducted for three cases: Stage 3 operations, 

ultimate operation and post-closure conditions. For the three cases, analyses 

were conducted for the Main Embankment configuration using the 

representative maximum cross-section shown on Figure 4.9, which included a 

glaciofluvial sand in the foundation. A second seepage analysis was also 

conducted for the ultimate operation condition of the Main Embankment at a 

more representative section. This second section excludes the glaciofluvial 

sand unit from the foundation; a condition that is representative of 

approximately 80 percent of the length of the Main Embankment. The extent 

of these two foundation zones is shown on Figure 4.10. The glaciofluvial 

sand unit has only been found at the Main Embankment. 

4.4.2 Summary of Parameters 

The saturated and unsaturated hydraulic conductivities were determined for 

each material in the embankment and foundation zones. The parameters used 

in the seepage analyses are shown on Figure 4.9. In assigning unsaturated 

and partially saturated hydraulic conductivity values for the seepage analysis, 
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typical conductivity functions for similar soil types were used. These 

functions were adjusted to correspond with the actual saturated conductivity 

of the material. Hydraulic conductivity values for the tailings mass, 

embankment and foundation were determined as follows: 

The tailings mass was sub-divided into three zones with decreasing 

hydraulic conductivity with depth to account for the less permeable 

consolidated tailings at depth. 

• Hydraulic conductivity values for the various zones of the 

embankment and foundation soils were estimated based upon typical 

values for similar materials. 

4.4.3 Boundary Conditions and Flux Sections 

Boundary conditions were imposed on the modelled sections to more 

accurately represent hydrogeologic conditions in the field. These conditions 

are demonstrated on Figure 4.11, which shows the seepage model for the 

ultimate operational condition. The conditions are summarised as follows: 

• A hydrostatic pore pressure profile corresponding to the height of the 

supernatant pond was assigned along the left boundary of the model 

(upstream of the embankment) for all models. 

• A total head boundary was imposed at the tailings surface to model a 

supernatant pond for the Stage 3 and Ultimate operational models. 

• The upstream embankment toe drain was modelled by applying a no­

head condition at that location for the Stage 3 and Ultimate 

operational cases. For the post-closure case it was assumed that this 

drain would be blocked, and no pore pressure conditions were 

assigned at that location. 

Foundation drains were modelled by applying no-head nodes at drain 

locations for the Stage 3 and Ultimate operational cases. For the post-
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closure case it was conservatively assumed that these drains would be 

blocked. 

A hydrostatic pore pressure profile, with the water table at surface, 

was assigned to the right boundary of the model (downstream of the 

embankment) for the Stage 3 and Ultimate operation conditions. The 

post-closure condition used a hydrostatic pore pressure profile that 

models an artesian condition of 4 meters above the ground surface. 

This condition has conservatively assumed that all pressure relief 

wells and trenches have been blocked. 

Flux sections were included in the model to estimate seepage flow across the 

various geological units, as well as the engineered components. The 

following locations, in particular, were examined closely: 

• seepage inflow to the upstream toe drain; 

• seepage flow collected by foundation drains; and 

• seepage flow that bypasses the seepage collection systems. 

The flows collected by the seepage collection systems (i.e. the upstream toe 

drain and foundation drains) will drain to the Main, Perimeter and South 

Embankment Seepage Collection Ponds. These seepage flows will be 

recycled to the tailings impoundment. The seepage flows that bypass the 

seepage collection systems are the only component that will be lost to 

groundwater. 

4.4.4 Results 

All seepage flow estimates are projected increases over baseline flow rates. 

In particular, the embankment foundation drains include a baseline 

groundwater flow component, which is not included in the following flow 

projections. 

Case 1 modelled the Main Embankment Stage 3 geometry with the 

glaciofluvial foundation. This case corresponds to the worst case foundation 
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conditions, which are representative of only 20% of the length of the Main 

Embankment. The total solution seepage flux of approximately 0.17 litres/ 

minute per metre length of embankment was calculated from the seepage 

analysis. Approximately 55 percent of the flow was collected in the upstream 

toe drain and embankment foundation drains, while the remaining 45 percent 

of the seepage flowed through the foundation. In case 1, the seepage flow to 

each of the components is predicted to be as follows: 

The upstream toe drain collects approximately 5 percent (0.006litres/ 

minute per metre length of embankment). 

• The embankment foundation drain system collects approximately 50 

percent (0.09 litres/minute per metre length of embankment). 

• Seepage loss through the foundation is predicted to be 45 percent 

(0.07 litres/minute per metre length of embankment). 

To check the calibration of the model, the Stage 3 model fluxes were 

compared to existing average flows in the foundation drains. For FD 1 and 2, 

which are in the till foundation, the model predicts average flows per drain of 

3 to 4 litres/minute. The observed values ranged from 1 to 4 litres/minute and 

are therefore in good agreement with the model. For the glaciofluvial 

foundation drains FD3, 4 and 5 the model predicts a flow per drain of 3 to 8 

litres/minute. Observations were slightly higher than the model's prediction 

seeing average flows between 2 to 16 litres/minute but are still in reasonable 

agreement. 

Case 2 modelled the Main Embankment Ultimate geometry with the 

glaciofluvial foundation as shown on Figure 4.10. The total solution seepage 

flux of 0.3 litres/minute per metre length of embankment was calculated from 

the seepage analysis. Approximately 75 percent of the flow was collected in 

the upstream toe drain and the embankment foundation drains while the 

remaining 25 percent of the solution flowed through the foundation. In Case 

2, the seepage flow contribution made by each of the components is predicted 

to be as follows: 
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The upstream toe drain collects approximately 25 percent (0.07 litres/ 

minute per metre length of embankment). 

The embankment foundation drain system collects 50 percent (0.16 

litres/minute per metre length of embankment). 

• Seepage loss through the foundation is predicted to be approximately 

25 percent (0.07 litres/minute per metre length of embankment). 

Ignoring the upstream toe drain flux component, the seepage losses through 

the foundation are predicted to be approximately 25%, while the foundation 

drains capture the remaining 75%. 

Case 3 modelled the Main Embankment Ultimate geometry without the 

glaciofluvial zone in the foundation. This configuration represents the 

majority (80%) of the length of the Main Embankment. The total solution 

seepage flux of 0.14 litres/minute per metre was calculated from the seepage 

analysis. Approximately 95 percent of the flow is predicted to be collected in 

the upstream toe drain and the embankment foundation drains while the 

remaining 5 percent of the solution is predicted to flow through the 

foundation. In Case 3, the solution flow contribution made by each of the 

components is as follows: 

• The upstream toe drain collects approximately 35 percent (0.05 litres/ 

minute per metre length of embankment). 

• The embankment foundation drain system collects approximately 60 

percent (0.08 litres/minute per metre length of embankment). 

• Seepage loss through the foundation is predicted to be less than 

approximately 5 percent (0.05 litres/minute per metre length of 

embankment). 
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Ignoring the upstream toe drain flux component, the seepage losses through 

the foundation are estimated to be approximately 10% while the foundation 

drains capture the remaining 90%. 

Case 4 modelled the Main Embankment Ultimate geometry with the 

glaciofluvial foundation for the post-closure conditions. The total solution 

seepage flux of 0.19 litres/rninute per metre length of embankment was 

calculated from the seepage analysis. Approximately 80 percent of the flow 

is predicted to be collected in the embankment chimney and blanket 

foundation drains, while the remaining 20 percent of the seepage is predicted 

to flow through the foundation. In Case 4, the solution flow contribution 

made by each of the components is as follows: 

• The upstream toe drain is blocked and therefore collects none of the 

potential seepage. 

• The embankment chimney drain and blanket foundation drain system 

collects approximately 80 percent (0.15 litres/rninute per metre length 

of embankment). 

• Seepage losses through the foundation are estimated to be 

approximately 20 percent (0.04 litres/minute per metre length of 

embankment). 

The overall seepage flow due to infiltration and continued tailings 

consolidation over the 233 hectares of the tailings storage facility system has 

been calculated to be approximately 150 litres/rninute. 

To predict the portion of the seepage flows that will likely report to each of 

the three embankments (Main, Perimeter, South) a simple weir analogy was 

used. 

The total predicted seepage flow of 150 litres per minute was attributed to 

each of the three embankments according to: 
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Current knowledge of the hydrogeological conditions at each of the 

three embankment alignments, 

• The length of each embankment or each component of the 

embankments according to the foundation conditions, and 

The relative elevations of the embankment low points (i.e. the "weir" 

elevations). 

The results of this relative comparison of the three embankments suggest that 

approximately 80% (120 litres/minute) of the flow will be towards the Main 

Embankment, 15% (20 litres/minute) of the flow will be towards the 

Perimeter Embankment, and 5% (10 litres/minute) of the flow will be towards 

the South Embankment. 

Based on the results of Case 3, it has been estimated that 10% of the flow will 

be seepage loss through the foundations of the South and Perimeter 

Embankment. For the Main Embankment, a seepage loss of 20% has been 

calculated based on the relative contributions of the two different foundation 

conditions to the total seepage. 

As a result it is estimated that seepage losses through the foundations will be 

as follows: 

• Main Embankment 24 litres/minute, 

• Perimeter Embankment 2 litres/minute, 

• South Embankment 1 litres/minute. 

Seepage reporting to the Ponds through the foundation drains, excluding the 

upstream toe drain flows will be: 

• Main Embankment 96 litres/minute, 

• Perimeter Embankment 18 litres/minute, 

• South Embankment 9 litres/minute. 
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It is not expected that the supernatant water from the cycloning operations 

will significantly affect the predicted seepage loss rates. In the area of the 

glaciofluvial sands an artesian condition of 4 meters head is present. Based 

on the calculations for drain spacing a hydrostatic head of no more than two 

meters is expected. As a result seepage gradients continue to be expected to 

be upwards, into the cycloned sand. In other areas the foundation materials 

consist of a thick till layer with a hydraulic conductivity of approximately 1 x 

w-7 crn/s. As a result flows through these zones due to the cycloning 

operations are expected to be insignificant. 

To ensure that the water quality and seepage losses are acceptable and as 

predicted, strategically placed monitoring wells must continue to be routinely 

checked by the Mine to ensure compliance. If any water quality problems 

were to arise, additional drainage works could quickly be implemented to 

intercept detected flows. 

4.5 DESIGN SUMMARY 

The results of the seepage and stability design can be summarised as follows: 

1) The proposed cycloning operations will result in flatter overall slopes with 

improved stability during both static and seismic loading conditions. 

2) Four seepage cases have been analysed, including two representative sections 

that were used to predict the portion of seepage flows reporting to drains and 

seepage recycle systems versus flows lost to the environment. The cases 

compare favourably to existing flows. 

3) Total seepage from the entire Tailings Storage Facility has been estimated to 

be approximately 150 litres/minute, of which less than 20 percent is expected 

to bypass the seepage collection and recycle systems. The majority of the 

estimated seepage losses are through the Main Embankment (24 litres/ 

minute) with approximately 2 litres/minute and 11itre/minute being lost to the 

environment from the Perimeter and South Embankments respectively. 
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4) The seepage flows reporting to the ponds are insignificant in comparison to 

flows resulting from the cycloning operations and storm events. As such, 

these seepage flows do not contribute to the sizing of the ponds and pumps. 

5) On-going monitoring and confirmation of parameters and performance are 

being conducted by MPMC and their specialist sub-consultant. 
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SECTION 5.0- CYCLONED SAND EMBANKMENT CONSTRUCTION 

5.1 GENERAL 

The use of cycloned tailings sand has been proposed for construction of the 

downstream shell zones of the Main and Perimeter Embankments. Hydraulic 

placement of the cycloned sand is the most efficient and cost-effective method of 

cycloned tailings sand construction. Therefore, the construction methodology and 

cyclone system design and operation should be optimized to enable hydraulic 

placement of cycloned tailings sand to the maximum practical extent. 

The design and operation of the cyclone discharge system and the detailed 

construction methodology is outside the scope of this report and will be finalized by 

MPMC. However, Knight Piesold will evaluate the construction methods and 

operation of the cyclones to the extent that they influence the geotechnical 

characteristics of the Tailings Storage Facility embankments. This will include 

evaluation of the on-going suitability of the underflow product produced by the 

cyclones, the stability of the embankments, and on-going provision of sufficient 

freeboard to safeguard against overtopping of the embankments. 

The following sections present a construction sequence and methodology that is 

based on the geometric and geotechnical embankment design criteria and the cyclone 

operating system that was used during the 1999 upstream and downstream cyclone 

test program. The construction sequence and methodology has been included for 

evaluation of the on-going embankment designs and development of a risk 

assessment with full recognition that the construction methodology and cyclone 

operating system will have to be revised by MPMC to address the Stage 3 and on­

going construction requirements. 

5.2 CONSTRUCTION SEQUENCING 

The hydraulic placement of cycloned sand during the 1999 upstream and downstream 

cyclone program resulted in cones with average slopes of about 5.5H:1V. The 

downstream shell zones of the embankments will be placed at a slope of 3H: 1 V to 

optimize the use of the annual cycloned sand production. The desired slope of the 

downstream embankment face will be achieved by hydraulic and mechanical 
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placement of cycloned tailings sand in a sequence of construction cells. The first 

cells, the foundation cells, will be delineated using rockfill confining berms. All 

subsequent cell confining berms will be constructed using cycloned sand. 

It is anticipated that it will be possible to mobilize construction equipment within a 

cell for construction of the next confining berms for the subsequent cell within 14 to 

21 days after deposition within the existing cell has been completed. The 

construction sequence and on-going cell arrangement are, therefore, based on the 

cyclone sand target production rate of 3,200 m3/day and the criteria that cycloning 

cannot resume within a specific area within 3 weeks of cycloned sand placement in 

that area. The three week waiting period is required to allow sufficient time for the 

deposited sand to drain in order to enable an excavator to construct the confining 

berm for the next (overlaying) cell. The construction methodology is illustrated on 

Figure 5.1. 

At the outset of construction, cycloned sand will be discharged within a cell such that 

typical cycloned sand cones with 5.5H: 1 V slopes will intersect the top (with 

allowance for a 0.5m freeboard) of the confining berm at the downstream toe of the 

embankment. Preparation for each lift thereafter will consist of the construction of a 

2-metre high longitudinal cycloned sand confining berm at the downstream toe of the 

previous lift. Lateral confining berms between cells will only be required if excessive 

overlap of cycloned sand between cells makes these necessary. The proposed 

sequence and layouts of the Main and Perimeter Embankment construction cells are 

illustrated on Figures 5.2 to 5.8. 

The cycloned sand downstream shell zones will be constructed up to the elevation of 

the Stage 2C crest. The Stage 3 embankment raise will be completed by constructing 

the Zone S core zone and the upstream and downstream Zone B shell zones once the 

cycloned sand shell zone has drained sufficiently. The material for construction of 

Zone S and B will be borrowed from Borrow Areas 2 and 4. The locations of these 

borrow areas are shown on Drawing 11162-12-100 

5.3 FOUNDATION PREPARATION 

Foundation preparation will involve the clearing, grubbing and stripping of the 

footprint for the embankments to the lines and grades shown on the Drawings. The 
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foundation will then be excavated down to firm or stiff glacial till of low permeability. 

Criteria for foundation excavation in the glacial till includes achieving a minimum in­

situ density objective of approximately 2 tonnes/m3 and a grain size distribution that 

corresponds to a permeability value of less than or equal to 5 x 10·6 cm/s. In-situ 

density and moisture content tests, as well as laboratory permeability tests will be 

carried out to ensure that the design objectives are met 

5.4 TOE AND FINGER DRAINS 

The current road located at the toe of the Stage 2C Embankments is built out of a well 

drained material (Zone T). This road will be ripped with a Dozer to enhance its 

drainage capability and will act as the first in a series of longitudinal drains. The 

Stage 3 toe confining berms of the foundation construction cells will form the next 

longitudinal drain. These berms will be built out of a well drained material (Zone T). 

The foundation toe confining berms for future stages of the embankments will also be 

constructed from Zone T material. As a result, a maximum longitudinal drain 

spacing of 20 m will be maintained with construction of each additional confining toe 

berm. 

Finger drains will consist of the confining berms between the foundation cycloned 

sand construction cells, which will also be built out of Zone T material and will be 

perpendicular to the embankment centreline. These berms will be extended with each 

stage of construction to ensure that the drains are continued to the toe of the final 

embankment. 

5.5 CYCLONED SAND CELL CONSTRUCTION 

Hydraulic placement of the cyclone underflow (coarse tailings fraction) will start 

within a cell once the cell confining berms have been completed. The method of 

hydraulic placement has been assumed to consist of six operational 20 inch cyclones 

being operated from the crest of the embankment with the underflow being 

discharged directly into the cell and the overflow being discharged into the Tailings 

Storage Facility, based on the 1999 cyclone operating system. The confining berms 

for the next lift, or layer of cells, will be constructed from the cycloned sand within 

that cell once the cycloned sand has drained sufficiently to allow access for an 

excavator, as illustrated schematically on Figure 5.1. 
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The cycloned sand cells will be constructed from hydraulically placed cycloned 

tailings sand as far as practically possible. However, hydraulic placement of 

cycloned sand in the uppermost cells becomes increasingly difficult as the shell zone 

width becomes narrow. The geometry of the embankments, especially the fairly 

narrow Perimeter Embankment, and the maximum practical height of the confining 

berms eventually results in high advancement rates for the cyclones along the 

Perimeter and Main Embankment crests. If the methodology that was used for the 

1999 upstream and downstream trial berms is confirmed, the cyclones could have to 

be moved daily during construction of the last cells on the Main Embankment and 

after construction of the foundation cells on the Perimeter Embankment. The rate of 

construction and estimated daily advancement rate for the Main and Perimeter 

Embankments are summarised in Tables 5.1 and 5.2 respectively. The required 

advancement rates are high, with maximum rates of about 100 and 78 metres per day 

along the Perimeter and Main Embankments respectively. These advancement rates 

affect the cyclone operating system significantly, especially as these rates have to be 

achieved with only six operating cyclones. 

It may be possible to increase the moisture content of the underflow and rely on 

spigotting the sand into near horizontal layers in order to reduce the number of 

cyclone moves. However, this option would increase the requirements for flow 

routing and recycle of drainage water from the cycloned sand cells. The increased 

volume of water would also require careful consideration regarding decant of water 

from the active cells, erosion protection of the downstream embankment face, 

removal of slimes from the low areas within a cell, and the eventual collection and 

recycle of these increased flows. 

It is likely that the final lifts, at least lift 7 of the Main Embankment and lift 3 of the 

Perimeter Embankment, will have to be placed mechanically if hydraulic placement 

is not feasible. As a result, a significant volume of the Stage 3 cycloned sand, in the 

order of 120,000 m3
, would have to be placed mechanically. A cycloned sand 

stockpile could be developed on the left abutments of the Main and Perimeter 

Embankments for haul, placement and compaction of the drained cycloned sand. 

The construction of the downstream cycloned sand shell zones of the Main and 

Perimeter Embankments is dependent on the construction methods and cyclone 
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operating system employed. The construction methods and cyclone operating system 

described are based on the current operating system. Alternative operating systems 

and construction methods could be considered to minimize costs and optimize 

construction of the Stage 3 Embankment and on-going stages. The most suitable 

construction method will have to be selected on the basis of ease of execution and 

construction and operating costs. 

The cycloned tailings underflow could be re-slurried to reduce the solids content and 

the cycloned sand could then be deposited by spigotting along the crest of the 

embankment. This construction method would enable the use of discharge spigots 

along the embankment with the cyclones being operated from a high point on one of 

the embankment abutments. This method would minimize the required cyclone 

moves and thereby enable higher cyclone availability. However, the reduction of the 

solids content of the cyclone underflow would introduce significantly higher volumes 

of drainage water from the cycloned sand with corresponding higher seepage recycle 

system construction and operating costs. The time required for the cycloned sand to 

drain sufficiently to allow access to construction equipment could also increase due to 

the higher underflow water content, which would negatively affect the construction 

schedule. 

The hydraulically placed cycloned sand from the trial embankments was achieving a 

density of approximately 95% of the Standard Proctor Compaction. A similar density 

will be required for the mechanically placed cycloned sand. This will be achieved by 

spreading the cycloned sand in lifts no thicker than 1 metre with the appropriate 

moisture content. Vibratory compaction will also be required in order to achieve the 

95% Standard Proctor Compaction. A complete list of material specifications can be 

found on Drawing 11162-12-104. 

5.6 DRAINAGE COLLECTION AND RECYCLE 

5.6.1 General 

Efficient drainage of the cycloned tailings sand is key to the successful 

construction of the on-going embankment raises. Therefore, the management. 

of the drainage water resulting from hydraulic placement of cycloned sand in 

the construction cells is an important aspect of the design, construction and 
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operation of the cycloned sand embankments. Water from the placed 

cycloned sand must be drained vertically through the cycloned sand shell 

zone for maximum consolidation of the material and minimum erosion of the 

downstream face. The drainage water will be collected by an underdrainage 

system and routed to the Seepage Collection Ponds and pumped into the 

Tailings Storage Facility. Factors that affect the ability to achieve efficient 

vertical drainage of all the cyclone underflow water and precipitation that will 

be applied to the downstream shell zone include: 

• permeability of the cycloned tailings underflow product, 

• application rate of the cycloned tailings underflow, 

• aerial extent of active cycloned sand deposition (size of construction 

cell), 

• solids content of the cycloned tailings underflow, 

• drained down residual moisture content of the cycloned sand, and 

• efficiency of the underdrain system. 

The application rate of the cycloned tailings underflow and the solids content 

of the underflow have a significant affect on the drainage collection and 

recycle system design as many of the other factors, such as the permeability 

of the cycloned sand, are difficult to control. The underdrains have been 

designed to ensure that the water can be drained at the maximum rate that is 

achievable given the permeability of the cycloned tailings underflow product. 

The seepage and recycle system has to be sized to route the expected drainage 

and run-off water into the Tailings Storage Facility through a combination of 

attenuation storage and pumping capacity. 

5.6.2 Construction Cell Drainage 

Water that is applied to a construction cell and does not drain vertically 

through the cycloned sand will collect at the low areas of the cell, along the 

toe confining berms. There should be sufficient freeboard capacity along the 

berms to contain the water within the cell until it drains vertically into the 

underdrainage system of the shell zone. In instances where the drainage rate 

through the cycloned sand is insufficient or the collection of slimes at the toe 
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prevents efficient drainage, discrete outlets will be provided along the 

downstream toe berm to route water and slimes to the water collection pond 

without eroding the face of the embankment. These outlets could be culverts, 

or similar decants, with erosion protection down the embankment face to 

route drainage water into the toe collection ditch. 

5.6.3 Seepage Collection and Recycle System 

The seepage collection and recycle system returns seepage, drainage and run­

off water collected from the downstream cycloned sand, foundation drains, 

chimney drains and upstream toe drains to the tailings impoundment. The 

system consists of seepage collection ponds and pumping systems at the Main 

and Perimeter Embankments. The underdrains, toe berms and toe collection 

ditches will route drainage, seepage and runoff to the collection ponds. The 

water that is collected in the ponds is pumped into the Tailings Storage Facility. 

The seepage recycle pumping systems include sumps, pumps and pipelines. 

Seepage recycle sumps have been installed at the Main and Perimeter 

Embankment Seepage Collection Ponds. The sumps house the seepage recycle 

pumps, which are connected to six inch diameter HDPE pipes that extend from 

the pumps to the crest of the tailings embankment. The water from the seepage 

collection ponds is discharged directly onto the tailings beach. 

Three additional ponds will be constructed during construction of the Stage 3 

and 4 embankment raises. The first two ponds will be located on either side of 

the Main Embankment Seepage Collection Pond to provide capacity for 

settling of tailings fines from the downstream cyclone operation. These ponds 

will be constructed during Stage 3 and are shown on Drawing 11162-12-110. 

An access causeway may also be built into the ponds in order to facilitate 

cleaning out operations. An alternative layout and section of the south western 

settling pond are presented in Figure 5.9. This alternative arrangement would 

include constructing the south western settling pond with earthfill berms on 

competent foundation material and might be necessary if sandy material is 

encountered that could prohibit excavation of the pond. Also, a low 

permeability dividing berm could be constructed across the Seepage Collection 

Pond during on-going raises if the fines content of the drainage water remains 

high. This dividing berm would hydraulically separate the downstream and 
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upstream portions of the pond to ensure that the highest quality drainage water 

is in the section of the pond that is adjacent to the emergency discharge point. 

The Main Embankment seepage recycle pumping system will be upgraded to 

accommodate the increased flow from the cycloned sand drainage. The third 

additional Seepage Collection Pond and seepage recycle pumping system will 

be constructed at the toe of the South Embankment. This South Embankment 

Seepage Recycle System will likely be constructed during the Stage 4 

embankment raise. 

5.7 CORE ZONE AND ZONE B PLACEMENT 

The core zone (Zone S) and Zone B will be placed once the cycloned sand placement 

within the downstream shell zone has been completed and the sand has drained 

sufficiently to accommodate construction. These zones will consist of moist, well 

graded glacial till of low permeability, placed in 300 mm lifts and compacted to a 

minimum of 95% and 92% of the Standard Proctor Maximum Dry Density for Zones 

S and B respectively. Suitable borrow materials are available in Borrow Areas 2 and 4 

to complete construction of these zones of the embankments. The approximate 

locations of the borrow areas for embankment construction are shown on Drawing 

11162-12-100. 

A significant drilling program in Borrow Area 2 was undertaken by Knight Piesold in 

August, 1999 to further evaluate borrow sources for the construction of the core zone of 

the embankments. Detailed investigation programs were completed within Borrow 

Area 4 in 1997 and 1998. Results from this borrow investigation program are 

presented in Knight Piesold Reports "Stage 2A Tailings Storage Facility Construction, 

Selected Excerpts From Reference Information, Ref. No. 11162/9-2" and "Report on 

1998 Construction and Annual Inspection, Ref. No. 11162110-1". The objective during 

construction will be to use materials from borrows that are situated close to the area of 

placement. Borrow investigation results show that there is a substantial supply of 

moist, low permeability glacial till to the North and to the East of Borrow Area 2. It is 

anticipated that there is enough material to complete construction of the final 

embankment with the material identified in Borrow Area 2 and the effective use of 

Borrow Area 4 before it is inundated with tailings. 
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5.8 STAGE 3 AND ON-GOING CONSTRUCTION SCHEDULE 

A preliminary Stage 3 construction schedule has been developed to evaluate the time 

required for construction of Stage 3 and to determine whether the cell construction 

sequence is achievable within a seven month cyclone operation period. The 

construction schedule includes the following assumptions: 

• The cyclone operating system will be similar to that used during the 1999 

upstream and downstream cyclone program. 

A cycloned sand production rate of approximately 3,200 m3/day. 

• A three week waiting period is required to allow sufficient time for the 

deposited cycloned tailings sand to drain before construction of the confining 

berms for the next (overlaying) cell or mechanical placement of fill on the 

cycloned sand. 

• The cell construction sequence presented in Section 5.2. 

• The cyclones will be able to be operated from the beginning of April to the 

end of October. 

• The cyclone down-time for moves are already included in the assumed 

availability of 75% and no additional time for cyclone moving and relocation 

has been allowed in the schedule. 

The construction schedule is shown in Figure 5.10. The required volume of cycloned 

sand production for Stage 3 can be achieved within the available seven month period 

by cycloning stockpiles of sand for mechanical placement when hydraulic placement 

within the embankment construction cells is not possible due to the time required for 

draining of the cycloned sand. However, there is no float in the schedule for 

unexpected delays and the construction of Zones S and B would have to be 

completed in November when the onset of winter conditions could cause further 

delays. Also, additional storage capacity and freeboard is only gained at the start of 

construction of the core zone raise after the cycloned sand downstream shell zone 
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construction has been completed and the cycloned sand has drained sufficiently to 

enable construction of the downstream Zone B shell zone. 

As in the Stage 3 construction, future raises will be built within construction time 

frames. If during the summer, the cycloned sand cannot be placed on the 

embankments, a cycloned sand stockpile should be used. When the cycloning season 

is over, the stockpiled cycloned sands can then be used to mechanically place the 

remaining material required in order to complete the construction staging for the year. 

Future layouts for the embankments are discussed further in Section 9.5 

5.9 SUMMARY 

Cycloned tailings sand will be used to construct the downstream shell zones of the 

Main and Perimeter embankments by hydraulic placement of the sand in cells to form 

a 3H: 1 V downstream slope. The first cells will be delineated by rockfill confining 

berms that will be constructed on the approved shell zone foundation. Cycloned sand 

in subsequent cells will be confined by berms that will be constructed from drained 

cycloned sand. This construction method allows for the placement of the required 

volume of cycloned sand in the available 7-month cyclone operating period and 

would result in the construction of embankments that meet all of the design criteria. 
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SECTION 6.0- TAILINGS DISTRIBUTION AND RECLAIM SYSTEM 

6.1 TAILINGS PIPELINE AND HEADER 

The tailings pipeline extends approximately 7,000 metres from the Mill Site to the right 

abutment of the Main Embankment. The system is designed for gravity flow for the 

full mine life, to the final tailings embankment crest El. 962 metres. The pipeline has a 

continuous downhill grade to ensure it is free draining and to prevent potential sanding 

and freezing problems. The pipe diameter was selected for gravity flow over a range of 

operating conditions. All pipework is butt fusion welded High Density Polyethylene 

(HDPE) pipe of varying diameter. Pipe wall thickness (pressure rating) was selected to 

accommodate the anticipated operating pressures and vacuum conditions and includes 

an allowance for internal abrasive wear. 

A dropbox (T2) is provided for surge protection and to allow the addition of waste 

dump runoff from the Southeast Sediment Pond to the tailings stream. The dropbox 

also functions as an overflow for the reclaim booster sump. Additional surge 

protection might be required at this location in a future stage by the addition of a vent 

pipe that would be located on high ground upstream from the emergency tailings dump 

pond. This additional surge protection would enable sufficient head for the operation 

of the cyclones during on-going embankment construction. The overflow into the T2 

Drop Box could then be closed with a knife gate valve to allow additional head in the 

tailings pipeline, but the additional vent pipe would limit the maximum head. 

Spill containment is provided for the full length of all pipelines. The pipelines are 

buried through the Mill Site area and are laid in a pipe containment channel cut into or 

lined with glacial till from the Mill Site to the Tailings Storage Facility. The pipelines 

are sleeved at the Bootjack Creek crossing for additional spill containment. 

The tailings pipeline has two sections, with different pressure ratings and diameters. 

The first section extends from the Mill Site to the T2 Dropbox and is comprised of 22 

inch (556 mm) DR 17 HDPE pipe. The second section extends from the T2 Dropbox 

to the Tailings Storage Facility and comprises 24 inch (610 mm) DR 15.5 HDPE pipe. 

Two sections of 30 inch (762 mm) DR 15.5 HDPE pipe are also included at the start of 

the two pipeline sections (at the Mill Site and at the T2 Dropbox) to ensure that flows 

are not restricted at the inlets. 
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6.2 CYCLONE OPERATION 

The cyclone tailings discharge system was operated as follows during the 1999 

cycloned tailings program: 

Four 20-inch diameter cyclones were operational and two standby cyclones 

were used to facilitate moves. 

• The pressure to each cyclone was controlled at about 40 psi using pinch 

valves. Bulk tailings that were not discharged through a cyclone were 

discharged from the end of the operational section of the tailings header 

pipeline. 

• The cyclone off-takes from the tailings header pipeline consisted of steel T­

sections with two cyclones connected to a single off-take. 

• Tailings were periodically discharged from a single point outlet at the 

location of the Upper Dump Valve in order to facilitate maintenance and 

major pipeline and cyclone moves. 

The open end of the operating section of the pipeline has controlled the pressure in 

the header pipeline. This operating procedure ensures that the header pipeline is not 

over pressurized, but results in a significant loss of bulk tailings to the cyclone 

operation. The single point discharge resulted in a reduction in cyclone availability 

of 30 to 40 percent based on the cyclone underflow discharge rate measurements. 

Cyclone operation has to be optimized in order to ensure that a sufficient volume of 

cycloned sand is produced for construction of the Stage 3 Main and Perimeter 

Embankment downstream shell zones. In order to maximize the availability of the 

cyclones, the following changes to the header pipeline and cyclone operating system 

are suggested: 

The pressure in the header pipeline should be controlled by a pinch valve off­

take at the location of the Upper Dump Valve and a knife gate valve located 

in the header pipeline, after the last cyclone, to ensure that the maximum 
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number of cyclones are operated. It should be possible to operate six 

cyclones with a mill production rate of 20,000 tonnes per day and an 

operating pressure of 40 psi at the location of the furthest cyclone off-take 

along the header pipeline. This could be accomplished by isolating the 

operational section of the header pipeline with the knife gate valve and 

pressurizing the header pipeline by controlling flow from the pinch valve at 

the Upper Dump Valve location. 

• The header pipeline would be protected from over pressurization in two ways. 

The first would be a vent pipe, consisting of a gooseneck standpipe located on 

high ground within the Tailings Storage Facility catchment in the vicinity of 

the Upper Dump Valve. This vent pipe would ensure that the pressure in the 

header pipeline is maintained at sufficient levels for operation of the last 

cyclone but would protect the pipeline from over pressurizing as a result of 

sanding in the pipeline or surges in the mill feed. An 18 inch diameter 

HDPE, DR 21 vent pipe would be sufficient to discharge the total bulk 

tailings flow in the case of a blockage in the header pipeline. The vent pipe 

outlet should be located at an elevation of approximately 975 m. The rupture 

disk that is located at the Upper Dump Valve would provide the second level 

of protection. The rupture disk should be rated at a pressure that is 10 to 15 

percent less than the rated pressure of the pipeline (i.e. approximately 90 psi). 

Additional cyclones should be added to the system as all six existing cyclones 

are expected to be operational. The additional cyclones would facilitate the 

movement of cyclones without losing production time. 

• Additional steel T -section off-takes should be provided at frequent intervals 

along the header pipeline to minimise the length of the cyclone off-take 

flexible pipeline and to provide maximum flexibility for cyclone placement. 

Off-takes could be provided about every 100 m to 150 m with an isolating 

knife gate valve in the header pipeline after every third off-take. The knife 

gate valves will be required to prevent sanding in the header pipeline 

downstream of the last cyclone. 
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• The distance between the cyclone off-takes should be optimized during 

operation to avoid sanding in the header pipeline due to low flow velocities. 

The changes that are discussed above are illustrated schematically on Figure 6.1. 

6.3 WINTER OPERATION 

The cyclones will be operated during the summer only to construct the downstream 

shell zones. During winter, all tailings will be spigotted along the upstream faces of the 

embankments to maintain competent beach development for on-going embankment 

raises. The tailings header pipeline will be located along the upstream edge of the 

embankment crests. Tailings will be discharged from movable spigot sections with six 

150 mm off-takes that will allow controlled deposition of tailings over the length of the 

embankment. The pipeline has a number of flanged connections where the movable 

discharge section will be installed. The tailings pipeline could be secured on the 

embankment crest by concrete blocks or guide posts to restrict thermally induced 

movements. 

Tailings discharge will be rotated so that tailings beaches are established over the full 

length of the Perimeter and Main Embankments. Following construction of the South 

Embankment during Stage 3, a bifurcation will be added to the tailings pipeline and a 

new pipeline section will be installed along the South Embankment. Tailings 

deposition will be concentrated from the South Embankment at this time in order to 

blanket the near surface bedrock with a layer of low permeability tailings. 

6.4 RECLAIM PIPEWORKS AND OPERATION 

The reclaim system was designed to provide adequate pipeline and pumping capacity to 

recycle process water from the Tailings Storage Facility to the Mill Site in order to 

meet process requirements. Reclaim pipework includes the reclaim pipeline, a reclaim 

booster pump station and a pump barge in the Tailings Storage Facility. All pipework 

is butt fusion welded High Density Polyethylene (HDPE) pipe of varying diameter. 

Pipe wall thickness (pressure rating) was selected to accommodate the anticipated 

operating pressures. 
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The reclaim pipeline is HDPE pipe which decreases in thickness (pressure rating) as the 

booster pump station is approached and the pressure head is decreased. Nominal 24 

inch (610 mm) HDPE pipe with varying pressure ratings was selected to provide the 

required water transfer capacity. 

The reclaim booster pump station is at the midpoint of elevation to reduce pressure 

rating requirements. An inter-linked control system co-ordinates pump operations with 

process water demand at the Mill Site. The control system and pipework design 

includes the necessary provisions for spill prevention. 

The reclaim barge is a prefabricated floating pump station complete with perimeter 

trash screens, internal wet wells, pumps, valving, piping, electrical power, 

instrumentation and control circuitry. A hinged walkway/pipe bridge is provided for 

access to the barge from the side of the reclaim barge channel. The reclaim barge was 

designed by Chamco Industries Ltd. Identical pumps were used at the barge and 

booster station to reduce spare part requirements and to simplify maintenance. 
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SECTION 7.0- WATER MANAGEMENT 

7.1 WATERMANAGEMENTPLAN 

The water management plan is essentially unchanged from that presented in the 

Knight Piesold Updated Design Report (Ref. No. 1627/2). The only change is that 

the placement of cycloned sand downstream of the Main and Perimeter Embankment 

core zones results in an additional volume of water that has to be collected by the 

Seepage Recycle Systems and pumped into the Tailings Storage Facility. The 

additional flow rate that results from the drainage of the cycloned sand is about 16 1/s, 

as discussed in Section 3.0. 

The components of the water management plan include disturbed and undisturbed 

areas at the Open Pits, Waste Dump, Mill Site, Tailings Storage Facility, the 

undisturbed catchment area immediately upstream of the Tailings Storage Facility and 

the diverted areas downstream of the tailings embankments. A water management plan 

schematic is shown on Figure 7 .1. 

The objective of the water management plan is to monitor and release selected 

surface water inflows in order to manage the final volume of ponded water in the 

tailings impoundment at closure. These objectives will be met by: 

(i) Maximize the capture of surface and groundwater flows from within the project 

area. 

(ii) Maximize the use of the poorest quality water recovered from within the 

project area in the milling process and in associated activities (such as dust 

suppression). 

(iii) Minimize the deliberate introduction of excess clean fresh water from Polley 

Lake and Hazeltine Creek. 

(iv) Monitor the quality of surface runoff from disturbed areas and groundwater 

flows within the project site. 
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(v) Release only the best quality water from within the project boundaries and in 

accordance with permitted requirements, as is necessary to maintain an overall 

project water balance under prevailing hydrometeorological conditions. 

(vi) Manage the operation of the tailings supernatant pond to optimize the volume 

of water stored on the tailings surface during operations and at closure. 

(vii) Develop and maintain a detailed data base to allow water balances for the site 

to be as accurate as possible and thereby become useful tools for predicting 

annual make-up water requirements and for scheduling releases of clean 

surface runoff water as appropriate. 

The key to the water management plan implementation is the development and 

maintenance of a detailed data base so that water balances are as accurate as possible. 

This enables the water balance to be a useful tool for predicting annual make-up 

water requirements and for scheduling releases of clean surface runoff water. 

7.2 WATER BALANCE 

The overall project water balance was originally presented in the Knight Piesold 

Report on Project Water Management (Ref. No. 1624/1). The current water balance 

is maintained by MPMC and has been modified slightly from the original version to 

account for operating conditions. The supernatant pond is surveyed twice a year to 

ensure that the water balance reflects operating conditions accurately. The water 

balance closely tracks the actual pond volumes and continues to be a useful predictive 

and management tool. 
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SECTION 8.0- RISK ASSESSMENT 

8.1 GENERAL 

A shift of embankment construction methodology from conventional earthfill to 

cycloned sand will require adjustment to the operation of the Tailings Storage 

Facility and ancillary components. Affected components will include the tailings 

pipeline, the performance of the Main, Perimeter and South embankments, the 

reclaim water system, and the water management features and procedures. Any such 

shift in operations and construction methods requires an appropriate commitment to 

training and careful observation to optimize the operation and to minimize the 

potential for problems to the greatest extent possible. 

In general the adoption of a cycloned sand construction method imposes an 

incremental and inherent risk to the environment, operations (costs) and safety over 

the risks associated with conventional earthfill. Some risks, including large scale 

embankment failure for example, are reduced in comparison with the risks of the 

conventional earthfill embankment. The inherent and incremental risks to the 

environment, operations (costs) and safety are related to: 

• Placement of a portion of the tailings outside of the confines of the .-/ 

embankment core zone, 

• Construction of a large portion of the downstream embankment shell zone / 

with a consistently graded material but in a less controlled manner, 

• Greater reliance upon adequate storm water management and sediment ./ 

control structures, and 

• Greater requirement for careful construction scheduling, and tailings 

(underflow and overflow) discharge locations, timing and pressures. 

These risks must be understood and mitigated where possible, with appropriate 

contingency plans in place for the continued protection of the potentially impacted 

values and resources (environment, operations, and safety). 
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The risk associated with a potential failure mode, such as rupture of a tailings 

pipeline due to overpressurization for example, is assessed in accordance with two 

factors: 

1) the likelihood, or probability, of occurrence of the failure mode, and 

2) the consequences of the failure mode. 

In a qualitative risk assessment the likelihood and consequences of each failure mode 

are combined to produce a descriptive code for the relative risks associated with each 

component of the operation. Although apparently simplistic, a qualitative risk 

assessment may provide valuable insight to the vulnerability of various project 

components where insufficient or potentially misleading quantitative data is 

available. At very least, a qualitative assessment is a structured method of accounting 

for and communicating the potential problems associated with an operation. 

8.2 QUALITATIVE RISK ASSESSMENT METHOD 

As discussed, risk is comprised of likelihoods and consequences of various failure 

modes. Table 8.1 provides a framework for the ranking of these two risk factors. In 

this case, the likelihood of occurrence (probability) of a failure mode is described 

using one of four ordinal codes from Very Low (VL) likelihood to High (H) 

likelihood of occurrence. Similarly, the consequences of such an occurrence are 

described using one of three ordinal codes from Low (L) consequences to High (H) 

consequences. 

The occurrence of a failure mode may result in potential consequences (losses) for 

the environment, to operations (costs), and/or safety. As such, a consequence code is 

separately assigned to each of these values and resources for each failure mode. 

Once assigned, the likelihood (Very Low to High) and consequence (Low to High) 

ratings may be combined as shown in Table 8.1. The table has been colour coded to 

visually demonstrate the resulting risk of each combination, with the highest risk 

(high likelihood combined with high consequences) being signified by solid red 

shading, and the lowest risk (very low likelihood combined with low consequences) 

being left unshaded. 
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8.3 COMPONENTS AND FAILURE MODES 

The potential problems (sources of risk) associated with each of the mine components 

that are considered to be affected by a shift to a cycloned sand operation are 

categorized and listed in the left-most columns of Table 8.2 (Column A). The 

potentially affected mine components include: the tailings pipeline, the Main, 

Perimeter and South Embankments, the reclaim water system, water management, 

and the cycloning operation itself. 

The potential problems associated with each of these components include such failure 

modes as pipe wear and rupture, malfunctioning of safety equipment, excessive 

seepage, embankment instability, dusting, erosion, water quality and quantity 

problems, and construction schedule and materials balance problems, amongst others. 

8.4 LIKELIHOODS AND CONSEQUENCE CATEGORIES 

As described, the risk associated with each potential problem (failure mode) is the 

combination of likelihood and consequence. The likelihood of occurrence of each 

potential problem has been estimated using a qualitative scale from 'Very Low' to 

'High' according to the 'Likelihood Rating' scale of Table 8.1, and as listed in 

Column F of Table 8.2. 

The consequences of occurrence of each potential problem are scaled from 'Low' to 

'High' for each of the three consequence categories: Environmental, Operational, and 

Safety. The qualitative consequence ratings are listed in Columns C, D and E of 

Table 8.2 using the scale provided in Table 8.1. 

8.5 RISKS AND MITIGATION 

The interpreted risk of each potential problem is determined through the combination 

of likelihood and consequence ratings of Table 8.2 using the matrix provided in Table 

8.1. The resulting risks are provided in Columns G, H and I of Table 8.2, and are 

shaded from light red to solid red for the 'Moderate', 'Moderate to High' and 'High' 

risk categories respectively, and unshaded for the "Very Low", "Low" and "Low to 

Moderate" risk categories. 
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From the last three columns of Table 8.2 it is observed that the greatest risks 

associated with the adoption of the cycloned sand embankment construction method 

are related to the operations and potential for increased costs. In particular, the 

following potential problems represent the greatest operational risks: 

• Excessive wear and rupture of the tailings pipeline. 

• Sanding of the low-gradient, low-velocity portions of the tailings pipeline. 

• Costs and operational issues associated with the correction of dusting or 

surface erosion at the Main and Perimeter Embankments. 

• Excessive turbidity in the reclaim water. 

• Water management. 

• Costs and operational issues associated with the correction of erosion of the 

Main or Perimeter Embankment due to excessive bulk tailings or cycloned 

flows resulting from pipeline rupture or operational error. 

• Material balance and construction schedule. 

Not all of these operational risks are incremental in comparison with the current 

operation. 

The most significant environmental risks are associated with the likelihood and 

consequences of tailings pipeline ruptures due to excessive wear, dust generation 

from the Main and Perimeter Embankments, and the potential for erosion of the Main 

or Perimeter Embankment due to excessive tailings flows resulting from pipeline 

rupture or operational error (pipeline draining, valves left open, etc.). The 

environmental risks of the cycloned sand operation are not necessarily incremental to 

those associated with the current construction method and are discussed here for 

completeness and to allow a discussion of potential mitigative measures. 
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The environmental risks associated with a rupture of the tailings pipeline can be 

mitigated through the continued frequent monitoring and inspection of the tailings 

pipeline and verification of the culvert annulus capacities. Specifically, the routing of 

tailings flow within ditches and through culverts in the event of a rupture must be 

verified over the length of the tailings pipeline. For example, a rupture of the tailings 

pipeline upstream of the Mla offtake (Upper Dump Valve) could cause tailings to 

flow through the culvert underneath the Polley Lake access road and to the 

containment ditches on the downstream side of the Perimeter Embankment. This 

tailings flow, if large enough, could overwhelm the single culvert at the Polley Lake 

access road, diverting some flow over the road or northeast towards Polley Lake. The 

capacity of this culvert should therefore be checked to ensure flow of the tailings to 

the Perimeter Embankment ditches and eventually the Seepage Collection Pond in the 

unlikely event of a major and unnoticed tailings pipeline failure at this location. 

Similarly, near the intersection of the Haul Road and the Reclaim Pipeline Road, the 

tailings pipeline passes through the road prism in a single 900-millimetre diameter 

culvert. The capacity of the annulus between the tailings pipeline and the culvert 

must be verified in order to ensure the safe passage of the full tailings flow towards 

the Tailings Storage Facility in the event of a major and unnoticed pipeline failure. 

As an added feature to mitigate the effects of a tailings pipeline rupture or 

overtopping of the proposed T2 drop box gooseneck, the small, flooded pond 

between the T2 drop box and the Bootjack crossing (immediately southeast of the 

access road to the explosives facility) should be excavated and adopted as an 

emergency dump pond to contain released tailings. 

The tabulated risks of Table 8.2 are, to a great extent, manageable and simply 

mitigated. However, the greatest incremental risks associated with the proposed shift 

in embankment construction methodology are to the operation of the Tailings Storage 

Facility, and specifically the resulting costs of insufficient cycloned sands for 

construction and construction scheduling problems. Risk management and mitigation 

with careful planning, progress reporting and the development of contingency plans 

will, however, significantly minimize these inherent risks. 
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SECTION 9.0 - ON-GOING REQUIREMENTS 

9.1 GENERAL 

The cycloned sand tailings embankments will continue to be raised incrementally, with 

the design and construction procedures adjusted as appropriate based on operating 

experience and updated operating projections. Therefore, although the construction 

materials and embankment geometry have been revised slightly in the current 

embankment design, the design philosophy still incorporates the observational 

approach wherein the specific design details and construction sequences are adjusted 

based on operational performance and projected on-going storage requirements. In the 

observational approach, additional data from geotechnical and environmental 

monitoring is incorporated into the on-going design concept, along with additional 

information on the actual filling schedule, construction materials and construction 

methods. The estimated quantities for on-going staged expansion of the tailings 

embankments are summarized in Table 9.1. 

An overview of the geotechnical and environmental monitoring results are provided in 

this section, along with preliminary design concepts for on-going expansion of these 

data collection programs. Revised procedures for on-going construction monitoring are 

also presented, along with contingency plans to provide additional flexibility for the use 

of alternative construction materials in the event that cycloned sand production rates are 

lower than anticipated. The post-closure implications for reclamation of the tailings 

impoundment are also discussed. 

9.2 GEOTECHNICAL INSTRUMENTATION AND MONITORING 

9 .2.1 General 

The current tailings impoundment incorporates numerous monitoring 

features, including: 

Numerous vibrating wire piezometers for monitoring pore pressure 

fluctuations in tailings beaches, foundations, embankment fill zones, 

and drainage zones. 
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Flow monitoring provisions for evaluation of variations in flow rates 

in foundation and embankment drainage systems. 

Settlement monuments for evaluation of embankment settlements 

during construction and on-going operations. 

These monitoring systems will be expanded as appropriate during the on­

going staged development of the tailings impoundment. Details of the 

existing Instrumentation and Monitoring systems are included on Drawings 

11162-12-150 through 159. A brief description and summary of results for 

the instrumentation systems is presented below: 

9.2.2 Piezometers 

To date a total of 45 vibrating wire piezometers have been installed to assist 

in assessing the performance of the Tailings Storage Facility. An additional 

10 piezometers will be installed within the tailings facility during the current 

Stage 2C construction. The piezometers are grouped into tailings 

piezometers, embankment foundation piezometers, embankment fill 

piezometers and drain piezometers for monitoring the embankment 

performance. Results are discussed below. 

Tailings Piezometers: 

A total of 6 piezometers have been installed in the tailings to date. The pore 

pressures in the tailings beaches typically track the tailings pond elevation, 

which is consistent with expectations for a water retaining impoundment. It 

is anticipated that the tailings pore pressures will tend to stabilize once the 

upstream toe drains in the Main and Perimeter embankments become 

operational. 

Embankment Foundation Piezometers: 

A total of 16 piezometers have been installed in the embankment foundations 

to date. No unexpected pore pressure increases have been observed. The 

highest water level indicated by the foundation piezometers to date was 
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recorded in C2-PE2-01 at the Main Embankment, with an artesian level of 

4.6m being recorded. Other pore pressure levels of note at the Main 

Embankment include 3.6m in A2-PE2-01, 2.7m in B2-PE2-02 and 1.2m in 

C2-PE2-02. None of these piezometric levels have reached the 'trigger 

levels' of 6.0m artesian pressure (relative to original ground) which were 

delineated in previous studies. The trigger levels were based on embankment 

stability analyses conducted for the previous embankment design concept 

which incorporated a 2H: 1 V slope The updated design concept includes a 

flatter downstream slope of 3H: 1 V which provides additional buttressing and 

improved foundation stability. 

Embankment Fill Piezometers: 

A total of 13 piezometers have been installed in the embankment fill 

materials to date. This includes 9 in low permeability Zone S or B glacial till 

and 4 in the high permeability Zone T. No unexpected pore pressure 

increases have been observed to date. No pore pressure increases have been 

observed in fill piezometers located downstream of the chimney drain. The 

Zone T embankment fill piezometers that are functioning are showing slightly 

negative pore pressures, indicating that the zone is not saturated. 

Drain Piezometers: 

A total of 10 piezometers have been installed in components of the 

embankment drains to date including foundation drains, chimney drain and 

outlet drains. All functioning drain piezometers are showing slightly negative 

pore pressures, indicating that the zones in which they are installed are not 

saturated, and that the drainage zones are performing as intended. 

9.2.3 Drain Flow Data 

Flows from the Foundation Drains at the Main Embankment are monitored on 

a weekly basis (as long as the Seepage Collection Pond is maintained at a 

level that is lower than the Foundation Drain outlet pipes in the Drain 

Monitoring Sump). The results indicate that the flows have remained 

relatively low as compared to baseline conditions. The only exception is 
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flows in FD-5, which have fluctuated since it was installed. However, this 

can be attributed to the fact that FD-5 is covered by rockfill and is therefore 

affected by rainfall. Even with the rainfall that enters FD-5, the plot shows 

that the Foundation Drain flows have remained relatively low. The maximum 

total flow is less than 0.7 litres/second (42 litres/minute) even though the 

tailings pond level has risen to about El. 936 m. It is anticipated that the flow 

rates in FD-5 will increase during cycloned sand deposition, as drainage 

water from the downstream cells will report to these foundation drains. 

The flow monitoring data indicates that the impounded water has not greatly 

influenced the underlying soils and that the glacial till liner (natural and 

constructed basin liner) is performing as intended. The Seepage Collection 

Pond must be operated at a low water level so that flow monitoring can be 

conducted. 

Seepage flows from the three Outlet Drains for the Main Embankment 

Chimney Drain were found to be flowing at a very low rate of about I litre/ 

min in OD-1 and about 0.5 litre/min in OD-2 and OD-3 during the 1999 dam 

inspection. The flows in OD-1 are higher than in the other two locations 

since this drain extends into the foundation materials along the right 

abutment. A high groundwater table and more permeable foundation soils 

were encountered in this area. The very low flow rates measured in OD-2 

and OD-3 illustrate the extremely low permeability nature of the embankment 

core zone materials and demonstrate the effectiveness of the chimney drain in 

depressurizing the downstream shell zone of the Main Embankment. 

The Perimeter Embankment Outlet Drains have been constructed, but the 

Chimney Drain has not been installed, and will no longer be required once 

cycloned sand is utilized for construction of the downstream shell zone of the 

embankment. Two of these outlet drains have since been covered by the 

Downstream Cycloned Sand Trial Berm. 

9 .2.4 Survey Monument Data 

Eight (8) survey monuments were installed on the Main Embankment crest 

during 1998. Total movements ranged from 5 to 25 mm. Settlements 
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typically ranged from 0 to 5 mrn. These settlement values are significantly 

lower than the predicted maximum settlements of 200 to 400 mm, and are 

well within design tolerances. 

These monitoring programs will be maintained and/or expanded for the 

updated embankment development plan. In particular, the piezometers and 

flow monitoring systems will be adjusted to provide additional information 

on pore pressures and drainage flow rates from the downstream cycloned 

sand shell zones. The settlement monitoring data will be less significant for 

the updated design concept, as ongoing construction of the core zone will 

incorporate vertical extensions rather than the upstream sloping core zone 

included in the previous design concept. Therefore, differential settlements in 

the upstream tailings beaches will not cause vertical deformation of the core 

zone. 

9.3 WATER QUALITY MONITORING 

MPMC staff regularly conduct water quality monitoring. Monitoring includes 

surface water quality from ditches, streams, creeks and lakes, as well as groundwater 

quality from monitoring wells. In addition, the water quality of the supernatant water 

in the Tailings Storage Facility is regularly checked. The results of the monitoring 

have been reported by Mount Polley in the report "1998 Annual Environmental 

Report, Effluent Permit 11678". This report has been submitted to the appropriate 

agencies (Ministry of Environment, Lands and Parks and Ministry of Energy and 

Mines). Conclusions from this report are summarized below. 

Surface Water Quality (including tailings water) 

Water quality monitoring has indicated that most surface water samples have levels 

of Total Aluminum, Total Copper and Total Iron that exceed the criteria set out by 

the B.C. 1995 Approval and Working Criteria for Water Quality (AWCWQ) and the 

1995 Canadian Council of Ministers of the Environment (CCME). 

Testing of the tailings water from the supernatant pond indicated that this water has 

Total Aluminium and Total Iron values, which exceed the Provincial Discharge 

Objectives (PDQ) criteria. These results do not affect current or ongoing operations 
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because there is no requirement for discharge of excess water from the Tailings 

Storage Facility. 

Groundwater Quality 

Water quality monitoring has indicated that most groundwater samples from the 

Tailings Storage Facility area have relatively high alkalinity. However, the alkalinity 

has not changed significantly from the levels recorded in the December, 1996 

baseline samples and no adverse water quality impacts are anticipated. 

For the new South Embankment three monitoring wells will be installed. One well 

will be installed adjacent to the future (Stage 4) seepage collection pond. The other 

two will be located downstream of the final South Embankment toe at a spacing to be 

determined in the field. A new installation in the sandy unit of the Main 

Embankment foundation may also be required during a later stage. 

9.4 CONSTRUCTION MONITORING 

Knight Piesold personnel assist with the supervision, inspection and testing duties 

during earthworks construction. Key items addressed by Knight Piesold include 

foundation inspection and approval prior to fill placement, assessment of borrow 

material suitability, inspection of fill placement procedures, in-situ testing of the 

placed fill for moisture content and density, record and control testing at the required 

frequencies, and monitoring of all construction instrumentation. Results of the 

Quality Assurance and Quality Control (QA/QC) program are typically presented in 

detail in a Construction Report after each construction program. The QA/QC results 

have typically shown that the design objectives are consistently achieved. 

The QA/QC testing programs were expanded during 1999 to enable additional 

records to be routinely collected during placement of the cycloned tailings sand in the 

Upstream Trial Berm. Both the bulk and cycloned tailings were sampled frequently 

during 1999 to provide a database of information regarding the nature and variability 

of cycloned sand characteristics. 

The usual QA/QC activities carried out by KP as part of the routine construction 

supervision procedures used during construction of the various staged expansions of 
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the impoundment are outlined in the Knight Piesold Ltd. Report "Site Inspection 

Manual", (Ref. No. 1625/2). These procedures will be updated to include for specific 

QNQC testing required during placement of cycloned sand fill materials. 

9.5 ON-GOING CONSTRUCTION 

The on-going staging of the Main and Perimeter Embankments is shown on Figures 

5.5 and 5.8. It is envisaged that each stage will consist of a lower hydraulically 

placed cycloned sand zone and a upper mechanically placed cycloned sand zone. 

Every effort will be made to place cycloned sand in a hydraulic fashion for as long as 

possible since this is the most cost effective construction method. When this can no 

longer be achieved, however, due to the geometry configuration or high cyclone 

advancement rates, mechanically placed cycloned sand from stockpiles will be used 

to complete the remaining staged construction. As can be seen on the Figures 5.5 and 

5.8 the top of the hydraulically place zones has a 1 V:5.5H slope. This reflects the 

angle of repose of the cycloned sand, which was measured during the 1999 cyclone 

sand trial program. The actual elevation for the boundary between the mechanically 

and hydraulically place cycloned sand zones has been estimated using the assumed 

parameters listed in Table 2.2 but the actual elevations will be determined in large 

part by the actual cycloning performance in the field and the actual material 

availability from the mill site. 

9.6 CONSTRUCTION MATERIALS CONTINGENCY PLAN 

The current embankment design concept is based on a certain availability of cycloned 

sand for use in the downstream shell zones of the Main and Perimeter Embankments. 

The construction materials balance projections presented in Section 5 assume that at 

least 100,000 m3 of cycloned sand will be produced each month and that a total 

volume of 700,000 m3 can be produced during each 7 month operating season. A 

shortfall in this sand production rate will result in additional requirements for other 

embankment construction materials. The material balance will be evaluated on a 

monthly basis in order to determine whether construction material shortfalls will 

occur, and whether it will be necessary to supplement cycloned sand fill quantities 

with glacial till materials from the local borrow areas. Depending on the material 

gradings, there may also be the need for a transitional material in order to establish a 

proper filter relationship. 
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CONSULTING 

The cell construction sequence described in Section 5, has been designed to facilitate 

development of a relatively horizontal fill zone along the Main and Perimeter 

embankments. In the event that insufficient cycloned sand is available to construct 

the embankment, then it will be relatively straight forward to replace the upper 

section of the cycloned sand shell zone with well graded glacial till. Placement of 

glacial till materials in the upper cells will ensure that the embankment crest raise can 

be constructed to provide the necessary freeboard for the subsequent years of 

operation. Also, it may be necessary to concentrate cycloned sand placement along 

the Main Embankment and to construct the perimeter embankment entirely with 

imported fill materials, particularly during Stages 3 and 4 when it may prove to be 

difficult to place the required volumes of cycloned sand. The material balances for 

subsequent impoundment expansions after Stages 3 and 4 are less critical, in that it 

will be possible to produce more than the required volume of cycloned sand required 

for construction of the downstream shell zones. 

9.7 RECLAMATION AND CLOSURE 

The existing reclamation plan for the tailings impoundment will remain essentially 

unchanged, except that the reclamation plan will also include for revegetation of the 

flatter cycloned sand embankment slopes. MPMC have initiated a variety of 

reclamation study programs to address various aspects of closure and reclamation. 

These programs will be adjusted after appropriate consultation with the regulatory 

authorities. 

In accordance with requirements under the B.C. Mines Act and Health, Safety and 

Reclamation Code for British Columbia, the primary objective of the proposed 

Reclamation Plan will be to return the tailings impoundment to an equivalent pre­

mining use and capability. This comprises forested wildlife habitat that supports 

grazing, hunting, guiding, trapping and recreational uses. The following goals are 

implicit in achieving this primary objective: 

• Long-term preservation of water quality within and downstream of 

decommissioned operations. 

Long-term stability of the tailings impoundment. 
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Re-grading of all access roads, ponds, ditches and borrow areas not required 

beyond mine closure. 

Removal and proper disposal of all pipelines, structures and equipment not 

required beyond mine closure. 

• Long-term stabilization of all exposed materials susceptible to erosion. 

Reclamation of the cycloned sand embankment slopes will include for 

establishing a suitable erosion resistant cover during final reclamation. 

• Natural integration of disturbed lands into the surrounding landscape, and 

restoration of the natural appearance of the area after mining ceases, to the 

greatest possible extent. 

• Establishment of a self-sustaining vegetative cover consistent with existing 

forestry, grazing and wildlife needs. 

As an overall approach to achieving these objectives, the Reclamation Plan is 

sufficiently flexible to allow for future changes in the mine plan and to incorporate 

information obtained from ongoing reclamation research programs such as trial tailings 

re-vegetation plots. 
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SECTION 10.0 - CONCLUSIONS AND RECOMMENDATIONS 

MPMC utilized six 20-inch diameter cyclones to conduct extensive cycloning trial 

programs during 1999. These programs included construction of an Upstream Trial 

Berm along the entire length of the Main Embankment and partially along the 

Perimeter Embankment during May through September, and construction of a small 

Downstream Trial Berm along the Perimeter Embankment in September and October. 

These trial programs provided an ideal opportunity to refine operating procedures and 

to obtain geotechnical data to support the development of a revised design concept 

for the on-going staged expansion of the Tailings Storage Facility. 

The geotechnical evaluation of the cycloned sand products developed during the trial 

programs indicates that the fine silty sand underflow, once it has drained, represents a 

suitable construction material for incorporation in the embankment shell zones. 

However, this underflow material was typically deposited at a relatively flat angle of 

repose of about 5.5H: 1 V and contains about 25 to 30% silt sized particles, which 

restrict the rate of drainage. The cycloned sand material was also found to have 

reasonably good shear strength characteristics, and acceptable densities of about 95% 

of the Standard Proctor Maximum Dry Density were achieved during hydraulic 

placement. 

Although the geotechnical characteristics of the cycloned sand product were found to 

be acceptable for embankment construction, it was also recognized that there are 

significant operational challenges associated with using these materials to construct 

the embankment shell zones. In particular, the following items represent key 

operational considerations: 

• It is important to maximize the operational efficiency of the cyclone 

operations in order to maximize the volume of cycloned sand produced 

during the next 2 to 3 years of operations. The transition from the existing 

2H: 1 V earthfill embankment slope to the flatter 3H: 1 V cycloned sand slope 

requires a substantial volume of product, and will require improved operating 

procedures in order to produce the volumes of material required. 

The flat angle of repose of the cycloned sand slopes of 5 .5H: 1 V results in a 

requirement for the use of confining berms in order to limit the downstream 
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slope of the embankment to about 3H: 1 V. This cell construction technique is 

required in order to confine the area of disturbance and to reduce the volume 

of cycloned sand needed to establish the downstream shell zone. 

The cycloned sand deposited in the deposition cells typically has a high 

moisture content and is not trafficable to construction equipment until the pile 

has drained. It is also necessary to provide a waiting period of approximately 

2 to 3 weeks to allow the sands to drain adequately so that they can be used 

for construction of the confining berms. 

• Once the initial 5.5H: 1 V slopes have been established on the deposited 

tailings, the thickness of subsequent layers will be controlled by the height of 

the confining berms. It has been estimated that a reasonable practical height 

for these confining berms is 2 meters. Subsequent deposition of cycloned 

sand into these ongoing cells occurs relatively rapidly and thus necessitates 

frequent moving of the cyclones and/or distribution pipework. 

• The construction schedule must be carefully controlled in order to sequence 

the cycloned sand deposition into areas where the previously deposited sand 

has been allowed to drain and cell construction has been completed. The 

width of these operating cells decreases near the crest of the embankment 

stage, and results in a requirement for frequent advancement of about 100 

metres per day. 

Ultimately, the fundamental objective of the construction schedule is to 

increase the height of the embankment within a designated time period, in 

order to provide additional incremental storage capacity for on-going disposal 

of tailings. Therefore, the filling schedule for the impoundment, along with 

the freeboard requirements, will dictate when the height of the embankment 

must be raised. Examinations of the Stage 3 and 4 construction schedules 

suggest that it may be necessary to interrupt the cycloning operations to allow 

construction of the core zone and completion of the crest raise. 

It is recognized that there will be additional operational challenges associated with 

the proposed cycloned sand embankment construction method. Careful planning and 
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efficient operating practices will mitigate these to a great extent. Modifications to the I 
pipeworks systems and the 1999 operating procedures will be required to improve the 

operational efficiency and to minimize operating risks. 

It is recommended that MPMC review the intended operating procedures for on­

going embankment construction using cycloned sand. It may be more appropriate to 

incorporate a hybrid approach wherein cycloned sand deposition is limited to the 

downstream shell zone of the Main Embankment in 1999, and that the entire 

Perimeter Embankment be constructed from glacial till and/or rockfill. Also, it may 

be simpler and easier to modify the cycloned sand placement strategy to allow 

placement of cycloned sand to the ultimate toe of the final embankment. The Stage 3 

construction material shortfall could be made up by placing compacted glacial till 

and/or rockfill directly on top of the deposited drained cycloned sand into the upper 

sections of the shell zone. Finally, if rockfill materials are used, appropriate 

transition materials will be required in order to ensure proper filter relationships 

between adjacent materials. 
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SECTION 12.0 - CERTIFICATION 
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