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Executive Summary
This remedial options report has been prepared by Golder Associates Ltd. (Golder) for Public Services and
Procurement Canada (PSPC). This work is part of the Giant Mine Remediation Project which PSPC is executing
on the behalf of Indigenous and Northern Affairs Canada (INAC), and presents the results of an evaluation of
options for the relocation of tailings currently located in the Central and South Ponds at Giant Mine. The mine is a
closed open pit and underground gold mine located 5 km north of the City of Yellowknife in the
Northwest Territories.
This remedial options report includes three components:
1)

characterization of the tailings in the three ponds in terms of quantities and material characteristics
(i.e., geotechnical and geochemical)

2)

assessment of two alternative methods for the transportation of tailings

3)

an assessment of two options for tailings relocation and one option where all tailings are covered in place

In support of the first component, geotechnical and geophysical investigations were carried out during the
summer of 2016. Based on the results of the investigation, as well as a review of historic borehole, topographic,
and aerial photographs, the North Pond is estimated to contain 2,200,000 m3 of tailings, the Central Pond
1,200,000 m3 and the South Pond 950,000 m3. Several boreholes encountered natural soil underlying the tailings
and natural soil volumes were also estimated in each pond.
Interpretation of the 2016 drilling results shows the tailings within the ponds to be variable both in terms of
geotechnical and geochemical characteristics. Typically the tailings are described as a loose non-plastic sandy silt
to silt. Roughly 30% of the Standard Penetration Testing results indicated zones of tailings described as very soft,
and likely very weak. Weaker zones were typically located below the water table within the tailings. As such,
tailings below the water table are anticipated to require additional care if they are disturbed, either during relocation
or with loading.
Geochemical testing included trace metal scans in solid and liquid phases (SFE or Shake Flask Extraction). Test
results indicated that the average arsenic concentration in solid and liquid phases (SFE) were 2,660 mg/kg and
1.3 mg/L, respectively. Testing of samples collected below the interface of tailings and natural soil indicate that
significant portions of the underlying soils have apparently not been affected by the tailings chemistry, with
concentrations of arsenic and other parameters below what are understood to be natural background conditions.
There are also zones where the chemistry of the natural soils is clearly influenced by the tailings, with arsenic
concentrations in the soil between 545 mg/kg and 1,480 mg/kg. Samples showing the tailings influence were
located between 0 m to 1.4 m below the interface with the tailings.
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In the evaluation of alternatives for transporting tailings from their current location to alternative final disposal sites,
conventional excavation and hauling by truck of the tailings was compared to slurrying of tailings with the ponds
and pumping via a pipeline. Based on this evaluation, truck transport was identified as the preferred option, and
considered as the basis for calculation in the evaluation of remedial options. While the unit cost for the transport
alone was comparable for both options, slurry transport presented numerous disadvantages including the need to
handle volumes of water greatly in excess of the volume of tailings to be transported, the associated bulking of
tailings resulting in greater placement and consolidation concerns, and numerous other logistical and risk issues.
Truck transport will also have logistical challenges, particularly with respect to excavating and transporting soft
tailings from below the current water table, but these were judged to be more manageable than the issues with
the slurry transport.
The third and final component of the study was to quantitatively and qualitatively evaluate options for consolidating
tailings within a smaller footprint, either by relocating tailings from the South Pond area (Option 1) or from both the
South and Central Ponds (Option 2). These options for footprint reduction were compared to a “do-nothing” option
where all the tailings would remain in place (Option 3). In all options, final closure of the tailings would include final
contouring to ensure positive site drainage, and placement of a low flux cover to minimize contact water. The three
cases are summarized as follows:



Option 1 – Relocate South Pond: Tailings within the South Pond are relocated to the North Pond. Tailings
within the Central and North Ponds, including the relocated tailings are covered in place with an engineered
cover



Option 2 – Relocate Central and South Pond: Tailings within the Central and South Ponds are relocated
to nearby pits, with residual extra material placed within the North Pond. All tailings deposits, including both
the North Pond and any tailings relocated to pits are to be capped in a similar fashion as in Option 1.



Option 3 – Cover Tailings in Place: Tailings within the North, Central, and South Pond remain in their
current location and are covered in place with the same engineered cover as in Options 1 and 2.

The quantitative comparison was carried out in terms of direct cost and tailings footprint reduction. The cost
estimate included tailings relocation, tailings cover construction, stability improvements for the dams retaining the
tailings, removal of the dams as appropriate following tailings relocation, and additional water treatment costs.
Costing of any underground stabilization that may be required for the open pits to accept backfill materials
(potentially required in Option 2) was not included.
The estimated direct costs were as follows:



Option 1 – Relocate South Pond:

$48 million



Option 2 – Relocate Central and South Pond:

$96 million



Option 3 – Cover Tailings in Place:

$25 million
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Option 2 reduces the existing tailings footprint by approximately 27%, and Option 1 would reduce footprint by 18%
(relative to the current North, Central, and South Pond footprints), and would not result in any new areas (i.e., pits)
holding tailings.
The qualitative comparison showed that there is likely to be less risk associated with relocating only the
South Pond (Option 1) than with relocating both the South and Central Ponds (Option 2). Relocation of the
Central Pond (Option 2) introduces significantly more risks due to the higher engineering and logistical challenges:



Following removal of Central Pond tailings, a significant increase in the complexity of surface water
management in the former tailings pond area, due to natural topographic flow divide between South and
Central Pond areas.



Conversion of Dam 6, currently a non-engineered berm into a true dam capable of retaining tailings in the
North Pond (not required in Option 1, as Dam 6 is not needed to retain tailings in that option).



Larger volume of tailings to be transported (dust management).

Relocation of the South Pond Only (Option 1) is a technically feasible option that permits consolidation of the
tailings within a smaller footprint, and addresses the desires of the stakeholders expressed through the
Surface Design Engagement (SDE) process (SRK 2016). Specifically, it generates a significant (18%) reduction
in the tailings area footprint. Further consolidation of tailings through the relocation of Central Pond tailings as well
(Option 2) introduces significant technical challenges, risks, long term management issues, and construction costs
for limited additional benefit. Covering existing tailings in place is the lowest cost and lowest risk option, but fails
to address stakeholder desires.
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1.0

INTRODUCTION

Public Services and Procurement Canada (PSPC), on the behalf of Indigenous and Northern Affairs Canada
(INAC), retained Golder Associates Ltd. (Golder) to carry out a remedial options assessment for the relocation of
tailings currently located in the North, Central, and South Ponds at Giant Mine. These three ponds contain tailings
that were produced from the historical milling of gold-bearing ore at the now inoperative site.
The remedial options assessment consisted of two principal components. The first component was the
characterization of the tailings in the three ponds on the basis of quantities, geotechnical properties, and a limited
characterization of contaminants of concern (principally arsenic and asbestos). This characterization was carried
out through a review of historical site data (including air photos and topographic maps) and through a program of
field and laboratory assessment.
The second component of the work was the assessment of logistics and options for the relocation of tailings to an
alternative final disposal located to reduce the overall tailings footprint (compared to the “do nothing” option where
the tailings are covered in place). For the options that include tailings transportation, this considered a comparison
of options for transporting the tailing by means of conventional truck and shovel methods to movement of the
tailing using hydraulic methods (slurry and pump).

1.1

Background

Giant Mine is an abandoned open pit and underground mine located approximately 5 km outside of Yellowknife,
Northwest Territories (NT), as shown in Figure 1.
Giant Mine has had several owners and operators since the first mining stakes were claimed in 1935 (Silke 2009).
Up until the late 1980s, tailings were deposited within the Original Tailing Containment Area (Original TCA), which
is located to the northeast of the C-Dry building, as shown in Figure 2. The North, Central, and South Ponds are
part of the Original TCA. The polishing and settling ponds are also part of the Original TCA.
In 1988, when additional tailings storage was required, the Northwest Tailing Containment Area
(Northwest TCA; Figure 2) was constructed. After 1988, the majority of the tailings were deposited in the
Northwest TCA. During the 1990s, tailings from the North Pond were mined hydraulically for reprocessing,
resulting in the steep tailings slopes visible in the aerial photo shown in Figure 2.
Mining operations ceased in 1999 with the bankruptcy of Royal Oak Gold Mines Inc. Shortly thereafter, the site
became the responsibility of the Canadian federal government, and mine rehabilitation has been ongoing since
that time.
INAC is the federal branch of government currently responsible for the Giant Mine Remediation Project (GMRP).
PSPC is responsible for the execution of projects at Giant Mine on the behalf of INAC.

22 June 2017
Reference No. 1313770115-066-R-Rev0-18000

1

(!/J.Associates
Golder

Y:\burnaby\CAD-GIS\Client\PWGSC\Giant_Mine\99_PROJECTS\13-1377-0115\Phase 18000\Task 18004\Doc.066\1313770115-18000-18004-Doc.066-Figure 1.dwg | Layout: GENERAL LOCATION PLAN | Modified: ramoreno 01/27/2017 1:20 PM | Plotted: ramoreno ----

GIANT MINE
MINE
GIANT

NOT TO SCALE

YELLOWKNIFE
YELLOWKNIFE
BAY
BAY

REFERENCE
1. GOOGLE EARTH V 7.1.7.2606. (JULY 26 2016). YELLOWKNIFE, CANADA. 11 V 636615 m E,
6928592 m N

CITY OF
OF
CITY
YELLOWKNIFE
YELLOWKNIFE

0

2017-05-19

ISSUED WITH FINAL REPORT

CP

AF

CM

BW

B

2016-11-17

ISSUED FOR REVIEW

CP

RM

-

-

A

2016-01-27

ISSUED FOR REVIEW

CP

RM

-

-

REV

DATE

REVISION DESCRIPTION

DES

CADD

CHK

RVW

PROJECT

GIANT MINE
NORTHWEST TERRITORIES, CANADA
TITLE

GENERAL LOCATION PLAN
PROJECT No. 13-1377-0155

NOT TO SCALE

JAGolder

DESIGN

CP

2017-01-27

CADD

RM

2017-01-27

CHECK
CM
2017-05-19
\Z!lrAssociates 1REVIEW
---1---------1-----l
BW
2017-05-19

FILE No. 1313770115-18000-18004-Doc.066-Figure 1
SCALE

NTS

FIGURE 1

35 000 N

34 000 N

33 000 N

32 000 N

31 000 N

35 000 E

1♦1

Public Works and
Government Services
Canada

Travaux publics et
Services gouvernementaux
Canada

35 000 E

REAL PROPERTY SERVICES
Western Region
SERVICES IMMOBILIERS
Région de l'ouest

PRELIMINARY
NOT FOR CONSTRUCTION

CREEK
BAKER
BAKER
BAKERCREEK
CREEK
CREEK
CREEK
PIT
A1
A1 PIT

PIT
A2
A2 PIT
C1 PIT
PIT
C1

TRAPPER
LAKE
TRAPPER
TRAPPER
LAKE
TRAPPERLAKE
LAKE
LAKE

PIT (UBC)
(UBC)
B2
B2 PIT

Associates

PIT
B4
B4 PIT

BAKER
BAKER
BAKER
BAKER
BAKER
POND
POND
POND
POND
POND
POND

36 000 E

B1 PIT
PIT
B1

C-DRY
C-DRY

(#Golder

36 000 E

RE-ALIGNED
RE-ALIGNED INGRAHAM
INGRAHAM
TRAIL HIGHWAY
HIGHWAY ROUTE
ROUTE
TRAIL

0

ISSUED WITH FINAL REPORT

2017-05-19

B

DRAFT FOR REVIEW

2017-02-10

A

DRAFT FOR REVIEW

2016-11-16

Revision/
Revision

Description/Description

Date/Date

Client/client

PIT
B3
B3 PIT

PUBLIC WORKS AND
GOVERNMENT SERVICES
CANADA

SOUTH
SOUTH
POND
POND
CENTRAL
CENTRAL
POND
POND

Project title/Titre du projet

NORTH
NORTH
POND
POND

37 000 E

GIANT MINE
REMEDIATION PROJECT
YELLOWKNIFE, N.W.T.

37 000 E

EFFLUENT
EFFLUENT
TREATMENT
TREATMENT
PLANT (ETP)
(ETP)
PLANT

SHOT
SHOT
LAKE
LAKE
Approved by/Approuve par

BW
Designed by/Concept par

CP
Drawn by/Dessine par

JD
PWGSC Project Manager/Administrateur de Projets TPSGC

JENNIFER SINGBEIL / DAVID HANGO
PWGSC, Architectural and Engineering Resources Manager/
Ressources Architectural et de Directeur d'Ingénierie, TPSGC

35 000 N

34 000 N

33 000 N

32 000 N

38 000 E

31 000 N

Y:\burnaby\CAD-GIS\Client\PWGSC\giant_mine\99_projects\13-1377-0115\Phase 18000\Task 18004\Doc.066\1313770115-18000-18004-Doc.066-Figure 2.dwg

BAY
YELLOWKNIFE
YELLOWKNIFE BAY

Client/client

PWGSC
38 000 E

Drawing title/Titre du dessin

SITE LAYOUT PLAN

NOTES
1.
2.

COORDINATES SHOWN ARE IN METRES AND GMRP GRID.
LOCATION SHOWN IS FROM GIANT MINE REMEDIATION PLAN (SRK 2007) AND IS APPROXIMATE.

REFERENCES
1.
2.

AIR PHOTO PROVIDED BY PUBLIC WORKS AND GOVERNMENT SERVICES CANADA.
SRK CONSULTING ENGINEERS AND SCIENTISTS, 2007. GIANT MINE REMEDIATION PLAN.
PREPARED FOR INDIAN AND NORTHERN AFFAIRS CANADA, JULY 2007.

Project No./No. du projet

0
1:15,000

250

Sheet/ Feuille

500
METRES

13-1377-0115

FIGURE 2
OF

AO _ PWGSC _ ANSI B-L1 - 11X17

Revision no./
La Révision no.

0

TAILINGS REMEDIAL OPTIONS REPORT

1.2

Scope of Work

The scope of work for this task was focused on two principal components:



the characterization of the tailings in the South, Central and North Ponds



an evaluation of the options for the relocation of tailings from their current location to an alternative final
deposition point

The characterization, summarized in Section 2.0 of this report, included a field investigation to measure the
thickness of tailings and underlying materials in the North, Central and South Ponds by geophysical and drilling
methods. The primary objective of the investigations was to delineate the thickness of the tailings. As a secondary
objective, the drilling program also included characterization of the geotechnical properties of the tailings via field
tests and analysis of laboratory samples, as well as laboratory characterization of chemical constituents in the
tailings. Field data was complemented with data from previous studies to provide an estimate of the total volume
of tailings in each facility, and additional characterization.
In Section 3.0, tailings relocation scenarios were identified and considered at a conceptual level to identify feasible
options, screen out those with fatal flaws, and select two representative options for evaluation. Narrowing down
the range of options was necessary due to the large number of potentially feasible variations on the principal
options. The planned scope of work for this study, as defined in the Terms of Reference (ToR) for the work included
the advancement of two relocation options for further evaluation (PWGSC 2017), which specified that one consider
relocation of tailings to the open pits and the other to be consolidated within the existing North and Central Ponds.
The scope of work did not include assessment of open pit stabilization required prior to backfilling. This was
addressed under a separate scope of work (Golder 2017a).
In Section 4.0, the logistics of two transportation mechanisms for the tailings were compared, with the advantages
of excavation by conventional truck and shovel means contrasted to hydraulic transport of a slurry tailings. Only
one transportation method was advanced to for comparison of relocation options.
In Section 5.0 the two relocation and one “do nothing” options were compared using quantitative and qualitative
considerations.
A summary of the three options are as follows:



Option 1 – Relocate South Pond: Tailings within the South Pond are relocated to the North Pond. Tailings
within the Central and North Ponds, including the relocated tailings, are covered in place.



Option 2 – Relocate Central and South Pond: Tailings within the Central and South Ponds are relocated
to alternative locations, either in nearby pits or consolidated within the North Pond. All tailings deposits,
including both the North Pond and any tailings relocated to pits are to be capped in a similar fashion as in
Option 1.



Option 3 – Cover Tailings in Place: Tailings within the North, Central, and South Ponds remain in their
current location and are covered in place, using the same cover as defined in Option 1.
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2.0

SUMMARY OF TAILINGS CHARACTERIZATION

To support the evaluation of tailings relocation options, a characterization program was carried out.
The principal goal of the characterization program was to better define the total quantity of tailings present in the
South, Central, and North Ponds. The characterization also included evaluation of the geotechnical properties of
the tailings that would be relevant to their excavation and transport, and the chemical characteristics that could
affect their handling.
Although not included in the ToR, past characterization work for the open pits on site, and paste backfilling projects
also provided relevant information for the options evaluations presented in this report and are summarized, as is
relevant information about the Northwest TCA.

2.1

Quantity Estimates

Table 1 provides a summary of the estimated quantity of tailings in each of the South, Central, and North Ponds,
as well as an estimate of the quantity of till or clayey soil (Natural Soil) encountered beneath the tailings in each
pond. These estimates are based on the results of the background data reviewed, the drilling program
(Report provided in Appendix A), and the results of the geophysical investigation (report provided in Appendix B).
All volumes reflect in situ volumes, and no bulking factor has been applied to represent the volume that might be
generated upon excavation and disturbance of the tailings and natural soil.
Table 1: Summary of Quantities
Location

Estimated
Tailings Volume
(m3)

Estimated Underlying
Natural Soil Volume
(m3)

Current Facility
Surface Area(a)
(m2)

North Pond

2,200,000

1,300,000

288,000

Central Pond

1,200,000

500,000

126,000

South Pond
Total

950,000
4,350,000

320,000
2,120,000

92,000
506,000

2,150,000

820,000

414,000

Total South and Central Ponds
a)

Values originally reported in SRK (2005).

Figure 3 and Figure 4 show a three-dimensional representation of the tailings volume and distribution for each
pond, as well as the underlying soils. In Figure 3, the different coloured surfaces are used to differentiate the
2015 LiDAR data between the areas within the tailings perimeter. The green surface represents the 2015 LiDAR
surface outside of the ponds, whereas the purple surface represents the top of tailings. In Figure 4, the top of
tailings surface has been removed so that the interpreted top of natural soil and bedrock are visible, shown as
cyan and tan surfaces, respectively. The top of bedrock surface in the vicinity of the dams shown in Figure 4 are
influenced by the assumed dam fill slopes (i.e., interpolation). The borehole logs are visible as vertical cylindrical
columns using similar colour shadings as the interpreted surfaces.
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Top of Tailings
(purple surface)

North Pond
Central Pond

South Pond

Figure 3: Three-dimensional Representation of South, Central, and North Ponds – Top of Tailings Looking Northwest

Top of Bedrock
(tan surface)

Top of Natural Soil
(cyan surface)

North Pond
Central Pond
South Pond

Figure 4: Three-dimensional Representation of South, Central, and North Ponds – Top of Natural Soil and Bedrock Looking
Northwest

The total volume of natural soil under the tailings deposits was greater than expected based on the review of
background data. If tailings are removed from the deposits, this material becomes available for use in reclamation
and closure, potentially as a cover material. Options 1 and 2 could potentially result in the exposure of the natural
soil in the South Pond only (Option 1) and South and Central Ponds (Option 2). There are no scenarios under
consideration that would expose the underlying fine-grained natural soil in the North Pond.
There may be practical limitations on the volume of natural soil that could be extracted from the reserves
under the South and Central Ponds. Due to geotechnical and geochemical considerations (e.g., high organic and
water contents, arsenic concentrations) only a portion of this volume might be suitable for use in closure. For the
Central Pond, this sector was originally a lake prior to tailings deposition (as was the North Pond), and there may
be hydrogeological challenges associated with the removal of natural soil below the original water table
(although ongoing dewatering may provide control on this water table). The volumes in Table 1 reflect the volume
of material that is physically present, but may not represent what is practically extractable.
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As detailed in Appendix C, the volume estimates summarized in Table 1 are based on multiple inputs. In addition
to the recent drilling and geophysics work for estimation of the deposit thickness (Golder 2017a; 2017b), the
existing tailings surface was defined based on August 2015 LiDAR data 1, complemented by the 2002 bathymetry
survey for the area underwater in the North Pond (Golder 2002). Bedrock contacts around the perimeter of the
ponds were estimated from air photos and satellite images. Historical topographic maps were used to improve the
understanding of natural ground and bedrock topography under the tailings, and historical tailings investigation
work was used to further complement the drilling conducted in 2016 (although historical drilling generally did not
include definition of bedrock contacts beyond interpretation of bedrock contact based on drill and sampling refusal).
Geophysics work conducted in 2014 also provided additional data on the bedrock contact depths in the shallower
portions of the ponds.
Given the amount of information consolidated in the current study, the overall accuracy of the current tailings
volume estimate is considered higher than previous estimates. In qualitative terms, the accuracy of the estimate
in the South Pond is highest, followed by the Central Pond and then North Pond. Access to part of the
Central Pond was limited in the Material Storage Area (Figure 2) by the marine shipping containers stored there,
while in the North Pond, there are significant gaps in the total area characterized due to the presence of surface
water and steep tailings slopes that restricted access to a portion of the tailings.
The Northwest TCA was not included in the characterization program scope.
Anecdotally, it has been reported that non-tailings waste has been disposed of in the North, Central, and
South Tailings Ponds. No evidence of such material was detected either in the 2016 drilling program, or in the
historical drilling and test pitting information reviewed. The investigations to date have been limited, and therefore
cannot guarantee the absence of such material. As described in Appendix B, the 2016 and 2014 geophysical
investigations did detect zones of possible subsurface anomalies, but these are neither well defined, nor confirmed
by direct investigations.

2.1.1

Historical Estimates

The estimates developed in Appendix C are generally in line with the quantities of tailings that have been estimated
in past studies but provide a more refined and substantiated basis for planning. Previous documents, such as the
Developer’s Assessment Report (DAR) have made reference to the quantity of material in the North, Central, and
South Ponds. The DAR indicated that as of 2010, there were 4 to 5 million cubic metres of tailings in these three
ponds, deposited over an area of 51 ha, with a maximum thickness of 22 m found in the Central Pond (SRK 2005).
The 2016 field investigation (Appendix A and B) and updated quantity estimate (Appendix C) yielded comparable
results: an overall tailings quantity estimate of approximately 4.3 million cubic metres and a maximum tailings
thickness of 22 m.

1

Data collected by the City of Yellowknife, processed with 0.5 m elevation intervals.
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2.1.2

Open Pit Capacity Estimates

The current open pits are being considered as possible destinations for the relocation of tailings from the current
ponds. To evaluate volumes available for disposal of tailings in the pits, estimates of open pit capacity from the
Preliminary Open Pit Closure Options Report are used (Golder 2017a).
Table 2 summarizes the dimensions and backfill capacities for all open pits. These volumes and areas reflect filling
the pits to the lowest point in their perimeter elevation, or spill point.
Table 2: Summary of Open Pit Backfill Volumes and Dimensions
Approximate
Area (a)
(m2)

Pit

Backfill
Volume(a)
(m3)

A1

774,000

46,700

319

136

50

A2

493,000

32,500

355

152

38

B1

341,000

21,900

193

148

35

B2

208,000

20,200

277

110

26

B3

57,000

9,600

170

65

11

B4

10,000

6,900

69

50

7

Brock

10,000

2,200

104

34

10

32,000

276

127

28

C1

331,000
2,224,000

Total A1+C1(c)

1,105,000

Total
Total

A1+C1+B2(d)

Length(b)
(m)

Width(b)
(m)

Depth(b)
(m)

1,313,000

DAR = Developer’s Assessment Report; SDE = surface design engagement.
a)

Indicates value taken from Golder (2017a). For the purpose of this report, backfill volumes rounded to nearest 1,000 m3 and pit plan
surface area rounded to nearest 100 m2.

b)

Indicates dimension taken from SRK (2007).

c)

Corresponds to Options 2 and 6 presented in the SDE, where tailings were to be used as backfill only in Pits A1 and C1 (SRK 2016).

d)

An alternative scenario based on SDE options 2 and 6, but also reflecting that B2 Pit is not needed for water management, and could
be backfilled with tailings.

From the dimensions shown in Table 2, it can be seen that the greatest potential storage volumes are available in
the A1, A2, B1, B2, and C1 Pits, with these pits containing greater than 100,000 m3 of backfill capacity. However,
not all of these pits may be available to accept tailings as backfill material.
The B1 Pit will be involved in the freeze program (INAC 2010), and the nature of the materials to be disposed of
in this pit is the subject of ongoing design work. While some of the B1 Pit capacity may be available for tailings,
the total volume is uncertain.
For the B2 Pit configurations considered in the surface design engagement (SDE) process (SRK 2016), it was
considered in most scenarios that this open pit would be used for water management, and that the A2 Pit would
be backfilled with clean rockfill. Feedback during the tailings remediation workshops was that B1 and B2 Pits could
be considered as available for backfill for the purpose of the tailings relocation study (Golder 2017d).
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2.1.3

Tailings Pond Capacity Estimates

In addition to open pits, a possible destination for relocated tailings is to consolidate the tailings within one or more
of the remaining tailings ponds. Although the North Pond would be the most likely destination for relocated tailings,
the capacity of the Northwest Pond was also identified in the study. The large topographic depression in the
North Pond is a result of hydraulic mining of tailings for reprocessing that occurred in the late 1980’s (Silke 2009).
Table 3 presents the estimated residual capacity in each impoundment using available topographic and
bathymetric data. This estimate has been developed considering a facility configuration similar to the current
approved landform, with dams located around the perimeter of each structure that will retain the tailings and any
cover material placed over the tailings. Hence, the capacity estimates are only for horizontal surfaces up to 1 m
the minimum dam crest elevation, which is equivalent to the freeboard. The remaining 1 m of vertical height would
be required for engineered cover material.
Table 3: Available Capacity in Tailings Ponds for Additional Material
Tailings Pond

Available Capacity
(m3)

North Pond
Northwest TCA
Total
a)

785,000(a, b)
617,000(b)
1,402,000

This capacity assumes that stability issues with Dam 2 have been addressed as part of closure works. If these issues are not addressed,
the available capacity is reduced to 168,000 m3.

b)

Limited by 1 m freeboard requirement (Golder 2016c).

The estimate of available capacity has assumed a horizontal tailings surface and has not accounted for water
accumulation in either pond. For the North Pond, the estimate is based on 2015 LiDAR data and the
2002 bathymetric survey (Golder 2002). The Northwest TCA estimate is based on a 2012 stage-capacity curve
used by the Giant Mine care and maintenance contractor.
For the purposes of this estimate, it has been assumed that the tailings cover will have a maximum thickness of
1.1 m, and that the dams will need to maintain design levels of freeboard above the cover. Adjustments to the
thickness and type of cover system are likely to be refined in further studies, but any changes are not considered
to be a major driver on the outcome of the tailings relocation assessment. There may be alternative configurations
for the closed facilities that could permit a reduction or elimination of freeboard allowances. This would likely
increase the amount of material that could be stored. However, such configurations have not yet been designed.
In the North Pond, there are currently concerns about the stability of Dam 2, located on the western boarder of the
pond, between it and the adjacent Polishing Pond, including slope stability and internal erosion concerns
(Golder 1999, Golder 2015). These concerns are currently being addressed through restrictions on the differences
between water levels in the North Pond and the Polishing Pond (Golder 2016). However this limitation is based
on a historic precedent (Golder 1999) that has not been verified using analyses typically used in present day dam
engineering practice. Without taking measures to address these stability issues, the additional capacity that would
be available for the storage of tailings in the North Pond would be severely limited. However, under all closure
scenarios under consideration, it is anticipated that the water level in the North Pond will be reduced, which should
improve stability. Buttressing of Dam 2 could also be undertaken to ensure that the full storage potential of the
North Pond is realized. At this stage no engineering study has analyzed the degree of stabilization that would be
required for Dam 2. As buttressing Dam 2 would be required in any tailings rehabilitations scenarios, the estimated
cost for this work would not differentiate between the options.
22 June 2017
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2.1.4

Tailings Use for Underground Backfill

During recent underground stabilization works, tailings have been used to make paste for backfilling near-surface
stopes. By rough estimates, approximately 325,000 m3 of paste is required for the remainder of the near-surface
stopes (Golder 2017a). A previous estimate for the volume of tailings needed for backfill was 375,000 m3
(Golder 2012a), based on the 3-D mine geometry model (Golder 2011) which described the original mined-out
stope shape and estimates from the amount of backfill present in the opening.
Backfilling the open pits will influence the degree of stabilization required for the stopes near the pits or for the pits
themselves. Table 4 present a summary of the total estimate paste backfill required to stabilize open pits to
accommodate the respective backfill materials. The volumes of paste in Table 4 are in addition to the near-surface
stope work.
Table 4: Estimated Paste Backfill Requirements, by Pit (Golder 2017a)

Open Pit

Backfill Material Scenario (a)(b)
Volume of Paste Required
(m3)
Rockfill Backfill(a)

A1

18,000

35,000

A2

20,000

41,000

B1

4,000

8,000

B2

0

0

B3

5,000

5,000(c)

B4

3,000

3,000(c)

Brock
C1
Total

Comment

Tailings

n/a

n/a

43,000
93,000

86,000
178,000

No stabilization estimated to be required

Not considered, due to relatively small volume

a)

An intermediate end land use (ELU II) has been assumed for the purpose of this study.

b)

For the purpose of this study, the volume of paste required has been rounded to the nearest 1,000 m3.

c)

Due to limited pit volume, not practical to backfill with tailings. Therefore, similar paste backfill volume required as with rockfill.

If all pits are backfilled with rockfill, roughly 93,000 m3 of paste is estimated to be required. However, if pits are
backfilled with tailings, roughly 178,000 m3 of paste is estimate to be needed in order to carry out the needed
degree of stabilization to mitigate the risk of sudden and excessive settlements. Stabilization work for the open
pits, stopes near the open pits, or deep underground stopes (if required) has not yet commenced and design
studies are either on-going or yet to be initiated. As such, the estimated demand for tailings for use in this study is
approximate.
For material handling purposes, contractors responsible for the production of paste backfill at Giant Mine
typically target materials that have a low water content. Coarser tailings (i.e., tailings with a higher proportion of
sand sized particles) generally retain less water due to their particle size distribution. In addition to their low water
content, coarse tailings also assist in meeting other technical specifications for the paste backfill, such as
unconfined compressive strength. If a tailings relocation project were to commence following the completion of
underground stabilization, it is likely that the majority of the easily accessible coarser and drier sandy tailings would
have been removed. Therefore, it would be conservative for the present study is to assume that the tailings to be
relocated are the relatively wetter and finer tailings.
22 June 2017
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It should be recognized that optimization opportunities exist between the underground stabilization and tailings
relocation projects. Tailings sourced for paste backfill will reduce the tailings to be relocated.

2.2

Geotechnical Characteristics

The 2016 geotechnical investigation encountered three primary stratigraphic units: tailings, natural soil, and
bedrock. During the investigation, core samples recovered were visually logged in the field and representative
samples collected for laboratory testing. Standard penetration tests (SPTs) were carried out, and in selected
locations standpipe piezometers were installed to monitor the depth to the groundwater table. Key results from the
investigation are summarized below (refer to Appendix A for further details).
Typically, the tailings are described as a loose non-plastic sandy silt to silt. There were instances of the particle
size distribution being as coarse as silty sand and Atterberg limits indicating low plasticity behaviour, but these
results were in the minority. From the testing of thin-walled steel tube samples, the average in situ water content
(gravimetric) and dry density of the tailings is 28% and 1,430 kg/m3, respectively. However, SPT results indicate
that layers of very loose tailings exist within the ponds and these layers could not be successfully tube sampled.
When natural soil was encountered below the tailings, the interface typically consisted of organics transitioning
into a fine-grained soil with increasing depth. Typically, the natural soil is described as a firm to stiff sandy clay to
clay, with a medium to high plasticity. In certain locations, granular natural soil was intersected with gravel content
between roughly 30% to 50% by mass. The granular natural soil is described as a silty sandy gravel.
The results of the SPTs and laboratory testing indicate that the strength of the tailings is highly variable. While
laboratory testing indicates an effective friction angle up to 40 degrees, an overall average angle of 33 degrees is
estimated based on SPT correlations (Mayne 2006). Furthermore, SPTs performed below the groundwater table
typically correlate to values lower than 30 degrees. A total of 10 SPTs observed displacement of the rods due to
either the weight of the hammer or drill rods and are not accounted for in any of the correlations. These readings
would indicate friction angles as low as 25 degrees (Mayne 2006). In terms of undrained strength, laboratory shear
vane testing indicates an average undrained shear strength of 40 kPa, within an overall range of 13 to 97 kPa.
Compressibility of the tailings measured with one-dimensional consolidation tests on specimens obtained with
thin-walled tube samples indicate that the tailings are not highly compressible. However, those results are only
representative of the tailings material that allow sampling and are unlikely to represent the compressibility of the
loose tailings indicated to be present by the SPTs.
The consolidation testing carried out does not represent the behaviour of the tailings in the event that they are
excavated, disturbed, and placed elsewhere as part of relocation. The behaviour of disturbed tailings would be a
function of its state when placed and the effort of compaction.
The temporary standpipe piezometers installed during the investigation suggested that the majority of the tailings
are below the groundwater level in the ponds. Based on measurement taken from the piezometers in
September 2016, 75% of the Central Pond tailings and up to 50% of the South Pond tailings are below the
groundwater level, on a basis of vertical depth located only at the piezometer locations. The proportion of dry and
saturated tailings beyond the borehole locations is unknown. The maximum water level elevation measured was
located within the Central Pond.
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While the investigation results indicate that portions of the tailings have the density and strength that would allow
for conventional excavation, other portions of the tailings will be soft and weak. Excavation of the soft and weak
tailings, particularly for excavation below the groundwater level within the tailings. The initial review of the data did
not identify clear spatial trends for the strength or water content of the tailings throughout the deposits, although
average water contents were slightly lower in the Central and South Ponds (Table 5).
Table 5: Water and Solids Content Variations between Ponds
Water Content
(% gravimetric)

Solids Content
(% by weight)

Average

Standard
Deviation

Average

Standard
Deviation

North

31.3

5.9

76.2

3.4

Central

24.4

4.1

80.4

2.4

South

29.1

6.0

77.5

4.4

Overall

28.6

6.1

77.8

3.9

Location

While some of the laboratory and SPT results are within the plausible range for gold tailings reported by others
(Vick 1990; Qui and Sego 2001), the laboratory results may only be representative of the denser tailings, and
therefore the stronger and less compressible tailings. In contrast, the SPTs performed in situ indicated looser
tailings which would be expected to be weaker and more compressible in comparison to the denser tailings tested
in the laboratory. SPTs are not considered to be an accurate indicator of soft soil strength or consolidation.

2.3

Geochemical Characterization

Appendix D presents a detailed discussion of the results of geochemical characterization of tailings and natural
soils. In total, 43 samples were submitted to ALS Laboratory for geochemical testing, including: asbestos analysis
(42 samples), characterization of solid phase metal concentrations (43 samples) and short-term leach testing
(42 samples). The results of geochemical testing were supplemented with the results of previous tailings
geochemical characterization efforts, described in Golder (2001), Andrade et al. (2010), Fawcett et al. (2015) and
Walker et al. (2015).
Three streams of tailings were produced during operations at the Giant Mine: flotation tailings, calcine residue and
electrostatic precipitator residue (ESP). The flotation tailings comprised the majority of the tailings produced at the
mine, and had arsenic concentrations ranging from 0.09 to 0.028 wt %. Arsenic is hosted in arsenopyrite [FeAsS]
and arsenian-pyrite [FeS2] in flotation tailings. Calcine reside and ESP residue were smaller tailings streams, but
contained higher concentrations of arsenic (1.2 to 2.5wt%, and up to 6.2 wt%, respectively). Arsenic occurs as a
component of maghemite [Fe2O3] and hematite [Fe2O3] in calcine residue, and maghemite and arsenic trioxide
[As2O3] in ESP residue.
The results of previous testing of Giant Mine tailings identified arsenic, antimony and copper as parameters of
potential environmental concern. Tailings samples contained elevated solid phase concentrations of these
parameters, and soluble arsenic, antimony and copper were capable of leaching from tailings samples.
Furthermore, elevated concentrations of arsenic and antimony occurred in tailings pore water. Lastly, arsenic was
found to be mobilized in sub-oxic to reducing ponds and sediments.
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Soils around the Giant Mine not impacted by mineral extraction/processing contain relatively
elevated concentrations of arsenic from natural weathering of the arsenic-rich ore body. A study by the
Royal Military College of Canada (RMC, 2000) estimated the natural or background arsenic concentrations in the
area of the Giant Mine and Yellowknife to be approximately 150 mg/kg. The GWNT industrial standard for arsenic
in soil is 340 mg/kg, which is based on the suggested human health risk-based soil quality objective for arsenic
(Richardson 2002).
Table 6 presents a statistical summary of arsenic and antimony concentrations (solid phase and
shake flask extraction) measured in samples collected in 2016. Arsenic and antimony were the key parameters of
potential environmental concern identified in previous studies (e.g., Golder (2001), Andrade et al. (2010),
Fawcett et al. (2015) and Walker et al. (2015)), and based on the 2016 analysis. Results are summarized in three
categories: wet tailings, natural soils and tailings influenced natural soils. Tailings influenced natural soils are
defined as material identified as natural soils in geotechnical logs, which contains greater than 340 mg/kg arsenic
(i.e., GWNT industrial standard for soil).
Table 6: Statistical Summary of Arsenic and Antimony in Giant Mine Tailings, Natural Soils, and
Impacted Natural Soils
Solid Phase Analysis

Natural Soils

Tailings Influenced
Natural Soils

Wet Tailings

Shake Flask Extraction

As

Sb

As

Sb

mg/kg

mg/kg

mg/L

mg/L

Maximum

84

12

0.26

0.14

Minimum

37

3.2

0.01

0.003

Average

53

6.6

0.09

0.05

Maximum

1480

92

0.64

0.67

Minimum

545

6.1

0.4

0.033

Average

1048

57

0.54

0.27

Maximum

4200

1550

9.4

6.2

Minimum

1420

57

0.26

0.09

Average

2659

298

1.3

1.1

The results of geochemical testing of tailings samples collected from the South, Central and North Ponds in 2016
indicate that the tailings are enriched in arsenic, antimony, cadmium, lead, and sulphur relative to natural typical
crustal abundances, and contain high concentrations of soluble arsenic and antimony, as well as fluoride,
aluminum, copper and mercury. The results of tailings analysis are consistent with findings from previous studies,
including Golder (2001), Andrade et al. (2010), Fawcett et al. (2015), and Walker et al. (2015). The SFE results
presented here are consistent with other soluble leach testwork (Golder, 2001), and in the case of arsenic and
antimony, are also consistent with tailings porewater concentrations (Andrade et al. 2010, Fawcett et al. 2015, and
Walker et al. 2015).
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The results for the natural soil samples indicate that in some areas natural soil has been influenced by the overlying
tailings (i.e., NP-SD-04, SP-SD-03, and SP-SD-06). Specifically, these samples contain elevated solid phase
concentrations of arsenic, antimony, cadmium, lead, and sulphur in soil, and high concentrations of soluble
arsenic, antimony and copper. Impacted natural soil may need to be accounted for in the volume of material to be
transported and/or the areal extent of materials to be covered.
Natural soil samples that appear to be influenced by the tailings were collected within 0 m to 1.4 m below the
interface of tailings and natural soil. However, in other locations samples within 0 m to 1.1 m of the interface did
not appear to be influenced by the tailings. Therefore, considerable variation in the thickness of the influenced
natural soil exists.
The SFE data suggest that for hydraulic tailings transport options, the assessment should include costs and
logistical considerations associated with the potential requirement to handle or treat water used for tailings
transport. Several metals occurred at elevated concentrations in SFE leachates, indicating the potential for metal
leaching. Arsenic and antimony, in particular, have the potential to occur at elevated concentrations in slurry water,
and/or porewater released during transport.
A final consideration relating to geochemistry is the mobility of arsenic in different redox environments. While not
assessed as part of this scope of work, Walker et al. (2015) showed that most of the arsenic in the tailings is
associated with roaster-derived iron-oxides, and that arsenic associated with these phases is stable in oxic
environments. Furthermore, Fawcett et al. (2015) showed that arsenic mobility was enhanced under sub-oxic to
reducing conditions. As a result, covers that reduce oxygen flow sufficiently to create anoxic conditions could
potentially increase the mobility of arsenic, a factor which may need to be taken into account for design.
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3.0

SCREENING OF OPTIONS FOR TAILINGS RELOCATION

There exists a range of possible options for the destination of tailings as part of the final closure design, whether
they remain are relocated or remain in their current location. These destinations are as follows:



Relocation of Tailings in Pits—Tailings from one or more of the current ponds would be relocated to one
or more of the pits.



Consolidation of Tailings within Tailings Containment Areas—Several of the ponds on site have unused
capacity, which could be used to consolidate tailings from the remaining ponds.



Mixed Relocation and Consolidation—The two approaches can also be combined. Depending on the
quantity, relocation of tailings could be accomplished through filling some of the pits on site, as well as
disposing of excess tailings in the remaining ponds.



No Relocation—All tailings remain in their current locations, and are covered in place.

The number of possible tailings relocations options exceeds the scope of the current study. This is due to the
number of tailings ponds being evaluated (North, Central, and South) for relocation, and the presence of several
possible destinations for relocated tailings, including open pits and the existing ponds.
Furthermore, several methods to remove and transport the tailings (e.g., conventional excavation, slurry and
hydraulic transport) also exist, further increasing the possible options that could be evaluated. The current scope
of work is capped to include the consideration of two transportation options, and three alternative closure
configurations, one of those being tailings covered in their current location. The current scope of work does not
include the identification of all possible options, or optimizations, as there are interactions with other design choices
and drivers that will impact the selection of the optimum approach.
In Section 3.1 the rational and driving factors behind tailings relocation are discussed. Section 3.2 presents
volumetric balance calculations that underlie the identification of feasible relocation options. The evaluation and
comparison of the options is presented in Section 4.0.

3.1

Drivers for Tailings Relocation

The relocation of tailings would involve logistical challenges, and require capital expenditure. An analysis of the
cost-benefit for tailings relocation is outside the scope of this report; however, the following list provides Golder’s
understanding of the main drivers for relocating tailings.



Incorporating input from the SDE—Feedback from the stakeholders indicated a desire to reduce the
tailings footprint for final closure (SRK 2016). Addressing the SDE input would result in the following benefits
and potential benefits:

 Reducing the Total Areal Extent of Impacted Land and Capping Requirements—Disposing of
tailings in the pits and/or consolidating the tailings within other tailings facilities is seen as a possible way
to minimize the footprint of impacted land on the site, and minimize the need for covers. Consolidation of
tailings into existing tailings ponds would be the most effective way to reduce the footprint. Based on the
areas that the pits would have at filling, relocation of tailings to the pits would not result in a significant
reduction in the overall footprint of ground with tailings. For instance, relocation of the South Pond and
Central Pond to A1, A2, and C1 Pits (along with excess material disposed of in the North Pond) would
only reduce the overall footprint of tailings by roughly 12% (from 94 ha to 83 ha).
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 Reducing Risk through the Elimination of Dams—Tailings dams require monitoring and maintenance,
and present ongoing risks of failure potential and environmental impacts related to seepage. Removing
tailings from the South Pond would permit the decommissioning of Dam 11, Dam 12, and potentially
(in the longer term) Dam 7. Removal of the Central Pond could potentially facilitate the additional removal
of Dams 4, 5, 8, and 9. However, this would leave Dam 6, which was not engineered as a tailings or
water-retaining structure, as the outer perimeter dam for the North Pond. Dam 6 is technically a rockfill
causeway constructed over tailings (Geocon 1982).



Providing Backfill for Open Pits—The current open pits represent a visual impact on the landscape and
potential risk. Desire has been expressed through various instances of community engagement to have the
pits filled as part of an eventual closure solution. Tailings provide an on-site material that could be used for
this purpose, reducing the physical risk presented by the pits. In the SDE (SRK 2016), preference was
identified for two options (Options 2 and 6) that included backfilling of the A1 and C1 Pits with tailings.



Providing Access to Underlying Reserves of Fine-Grained Material—The lack of fine-grained
material available within the site limits for reclamation needs has been an identified issue at the site
(Golder 2012b, 2017e). Removal of the South Pond tailings would provide access to additional quantities of
fine-grained material, estimated at 320,000 m3 for the South Pond, potentially suitable for use in closure, and
removal of the Central Pond would add another 500,000 m3. This compares to a total current identified
volume of fine-grained material on the site of 743,000 m3 from defined borrow sources (Golder 2017e). At
this time the fine-grained material underlying the tailings ponds is considered as a potential source only and
thus is not included in the accounting of the defined borrow source. Note that if the tailings are removed, not
all of the fine-grained material exposed will necessarily be suitable or extractable for use in closure, for either
geotechnical or geochemical considerations.

3.2

Volumetric Balance

In considering feasible scenarios for relocation of tailings, volume balance considerations are a fundamental
constraint that will limit the number of options. A complication in the volume balance calculation is the consideration
of the volume of tailings that will be “lost” to the underground backfilling operations. While the requirement for the
near-surface stopes is reasonably defined, the volume required for the open pits or the stopes near open pits is
still uncertain and dependent upon other project decisions. As discussed in Section 2.1.4, the quantity of tailings
needed for underground stabilization will depend on the backfill material used in the pits (rockfill or tailings).
This section will provide a rational for how the two relocation options were selected based on the estimated
volumes of tailings needed for underground backfilling operations, tailings to be relocated, and the capacity of
destinations to accept relocated tailings.
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3.2.1

Paste Backfill Requirements

Table 7 presents four estimates of potential paste backfill requirements, developed for the purposes of this study.
These estimates provide the total volume of tailings required to complete the underground stabilization works for
the near-surface stopes and the open pits and nearby stopes. These four estimates are presented for the following
scenarios:



all open pits are backfilled with rockfill



all open pits are backfilled with tailings



combination of rockfill and tailings backfill:

 A1 and C1 Pits are backfilled with tailings
 all remaining pits are backfilled with rockfill

In Table 7, the estimated volume of tailings required to support paste backfilling ranges roughly between
400,000 m3 and 500,000 m3 for all cases. Recognizing the early stage of the current study, as well as the open pit
paste backfill estimates, and the need to narrow down the options to two relocation options, a single representative
paste backfill volume (400,000 m3) has been selected as representative.
Table 7: Estimates of Tailings Required for Paste Backfill
All Open Pits
Backfilled with
Rockfill

All Open Pits
Backfilled with
Tailings

Combination of
Rockfill and Tailings
Backfill

Rockfill

All Open Pits

-

A2, B2, B3, B4, and
Brock

Tailings

-

All Open Pits

A1 and C1 Pits

Near Surface
Stopes

325,000

325,000

325,000

Open Pits and
Nearby Stopes

93,000

178,000

153,000

418,000

503,000

478,000

Description:

Backfill
Materials
Estimated
Tailings
Required
for Paste
Backfill
Volume(a)
(m3)
a)

Total

Assumes 1 m3 of tailings produces 1 m3 of paste.

For the purposes of the option evaluation in the present relocation study, it has been assumed that approximately
400,000 m3 of tailings will be taken in total from the South and Central Ponds for use in paste backfilling activities.
As the surface areas of the two ponds are similar, it has been further assumed that roughly 200,000 m3 will be
taken from each pond.
As the North Pond is likely to require significant fill placement to facilitate the placement of an engineered cover
and provide adequate surface drainage, it has been assumed that no tailings will be taken from this pond for the
production of paste.
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The above assumptions are necessary to advance with the options comparison, and are reasonable. However, it
should be noted that paste generation is sensitive to tailings characteristics, and tailings may not be equally mined
from all deposits, depending on the spatial distribution of the tailings with the best characteristics for paste
generation.

3.2.2

Destination Options for Tailings Relocation

Table 8 summarizes some of the basic volume considerations for three combinations of tailings relocations.
Starting with relocation of the South Pond only, then incrementally additional relocation of the Central Pond and
then North Pond. As can be seen in the table, moving either the South Pond or the South and Central Pond tailings
is potentially feasible on a volumetric basis; however, there is no combination of pits and remaining tailings capacity
in the Northwest TCA that would accommodate the total volume of tailings in the South, Central, and North Ponds.
Relocating tailings by consolidating the tailings within existing ponds has an advantage in that it minimizes the
closure footprint area of tailings and amount of cover required (by eliminating tailings in pits). This is
counterbalanced by the requirement to provide other materials (such as rockfill) for pit backfill.
The potentially feasible scenarios from Table 8, which are indicated in the Table in bold text, are as follows:



South Pond Relocation—The volume balance suggests that there is sufficient capacity in the North Pond
to accept all of the South Pond tailings, provided the previously assumed tailings usage for paste backfill is
roughly met. Although it may be feasible to dispose of most material from the South Pond in the
A1 and C1 Pits, that would result in a lesser overall reduction in tailings footprint and therefore, would likely
be considered less desirable according to the SDE feedback. If additional capacity is required beyond that
indicated in the volume balance (e.g., bulking or other factors results in excess material), such excess could
be disposed of either in the Northwest Pond, or in one or more of the other pits on the site.



South Pond and Central Pond Relocation—The storage capacity of the North Pond and A1 and C1 Pits is
sufficient to accommodate the total volume of tailings from the Central and South Ponds. This assumes that
at least 400,000 m3 of tailings are used in underground backfilling operations. Although sufficient capacity
exists in the open pits (A1, A2, B1, B2, and C1 Pits as an example), A2 and B1 Pits are unlikely to
accommodate tailings backfill due to SDE feedback (A2 Pit) or technical reasons (B1 Pit, for the freeze
program). Without these pits, the existing capacity of the existing tailings ponds must be used to
accommodate the tailings. The existing topographic depression in the North Pond, and the need to allow
surface runoff in closure on its surface, results in it being a more favorable destination than the
Northwest Pond. The North Pond is likely to require significant fill materials in order to allow surface water
drainage due to the resulting topographic depression resulting from the hydraulic mining in the 1980’s.

All volume balances described in this section have been developed without any consideration of volume change.
It has been assumed that tailings can be relocated such that in the long term, their final placed volume is similar
to the volume in the current deposits, with no bulking factor. While this may be true in the long term, consideration
should be given to bulking in the development of detailed transportation and deposition plans.
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Table 8: Tailings Destination Relocation Options

-

Tailings Source

Location

Estimated Volumetric Balance(a)

Pit/Pond Capacity (Destination)

Volume
(m3)

Location

Available Volume
(m3)

Volume (a)
(m3)

1,105,000

+355,000

Comment

 Sufficient capacity
A1 Pit, C1 Pit
South Pond

950,000
(750,000 after paste)

785,000(b)

North Pond(b)

+35,000

 Does not use available capacity in North Pond and therefore, does not maximize reduction in tailings footprint.
Sufficient capacity, but close to limit. Any additional material beyond estimated excess could be disposed of in Northwest Pond
or pits (e.g., A1 Pit)
 Maximizes reduction in tailings footprint by using existing tailings pond.
-

A1 Pit, C1 Pit,

1,105,000

-645,000

 Insufficient capacity. Alternative destinations required.
-

South Pond
Central Pond

2,150,000
(1,750,000 after paste)

A1, A2, B1, B2, and C1 Pits

2,147,000

+397,000

 Sufficient capacity
 A2 Pit to be backfilled with clean material
 B1 Pit backfill tolerances may not allow tailings to be used

A1, B2, and C1 Pits

1,313,000

-437,000

 Insufficient capacity without A2 and B1 Pits.
 Sufficient capacity

(b)

South Pond
Central Pond
North Pond

4,350,000
(3,920,000 after paste)

A1 Pit, C1 Pit, North Pond

1,890,000

+140,000

A1 Pit, C1 Pit, Northwest Pond

1,722,000

-28,000

all pits and Northwest TCA

2,841,000

-1,079,000

 Makes use of available capacity in North Pond.
 Insufficient capacity.
 Leaves unused capacity at North Pond.
 no feasible disposal scenario with existing site configuration for excess
-

a)

Positive excess volume value implies additional capacity estimated to be available at destination(s). Negative value implies that insufficient capacity available at destination(s). Assumes abstraction of 400,000 m3 of tailings material for use in underground.

b)

Assuming Dam 2 stability issues are addressed.
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4.0

TAILINGS TRANSPORTATION LOGISTICS

Two key alternatives have been identified for the transportation of tailings from their current location to a final
disposal location. The first is the use of conventional excavation, hauling, and dumping using truck and shovel,
with a dozer for spreading and compacting the material in pit. The second is hydraulic transport, in which the
existing tailings would be converted to a slurry of tailings mixed with water and pumped through a temporary
pipeline to the final destination, where they would then be discharged wet, similar to original deposition.
For the purposes of this evaluation, the following general criteria have been assumed:



Only the transportation of tailings is being considered. No transport of fine grained soils, or other wastes.



Priority destinations for the tailings are the pits located within the site lease, particularly A1 and C1 Pits and
the North Pond. The A1 and C1 Pits are considered for this scenario due to their current availability within
the overall remediation project and their capacity. The North Pond is favored as significant fill material is likely
to be required in order to achieve surface water runoff via gravity in post closure. If needed, it is assumed
that any excess material potentially generated could be disposed of in other pits, the North Pond, or possibly
the Northwest TCA.



Based on the above, transport distances are expected to be on the order of 1 to 2 kilometres.



In the case of relocating only the tailings from the South Pond, the estimated volume of tailings that would
require transport is 750,000 m3. If both the South and Central Ponds are relocated, this volume would grow
to an estimated 1,750,000 m3. Both volumes are based on the results documented in Section 2.0 and
Section 3.2 of this report.

The following sections provide a summary of the considerations for each approach, and a comparison between
the two.

4.1

Logistics for Excavation and Truck Transport

Tailings can be transported from their current location with conventional earthmoving equipment. In this approach,
tailings would be excavated in lifts from within the tailings facility, and loaded on to trucks, for transport to the final
disposal location (in-pit, or within one of the other tailings facilities). Tailings would be dumped from the truck,
spread within the facility, and compacted in lifts. Additional considerations for each step of this process are
summarized below.

4.1.1

Excavation

Tailings would be excavated with standard earth-moving equipment. The exact staging process for the excavation
should be developed with the contractor, but it is anticipated that the logical staging would have the tailings
excavated from each pond in lifts, with the upper layers of tailings excavated progressively until the underlying
bedrock or soil is reached. For operational safety, the maximum height of each lift would be limited, as would the
slopes of exposed excavated areas. The contractor would need to promote drainage of the tailings during
excavation.
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Based only on the drilling investigation results (Appendix A), on average the water table could be encountered
roughly 6 m below current ground surface in the South Pond, and 5 m below ground surface in the Central Pond.
Based on past experience with excavating tailings for use in paste production, excavation of tailings above the
water table is expected to be relatively straightforward. Below the water table, conditions will be more challenging,
with low strength materials present as indicated in the low SPT blow counts typically occurring below the water
table (Appendix A). A lower production rate with more challenging excavation conditions can therefore be
expected.
Depending on the trafficability of the exposed tailings once material above the water table has been removed, it
may be necessary to restrict excavation to winter months, and make use of frozen conditions to
facilitate excavation, with several winter seasons needed to remove successive layers of frozen material
(freezing depths will be finite). While the winter months may improve the practicalities of excavating saturated
tailings, the placement of this material is complicated by the cold temperatures. Achieving specific target densities
for compaction of frozen materials is challenging. Therefore, winter excavation may require some double handling,
with excavated material placed in a suitable location to facilitate drainage in the subsequent spring prior to
placement and compaction. This approach would have schedule implications.
For the current cost estimates, it has been assumed that conventional construction dewatering methods will be
sufficient to access and excavate tailings at depth. This assumption introduces additional uncertainty in the cost
estimate. The challenges of dewatering the saturated tailings should be evaluated in greater detail in future studies.
Excavation of the tailings in the South and Central Ponds will expose the dams that were used to contain the
tailings. Figure 5 below shows the locations of these dams relative to the tailings. Some of these, such as Dam 11
at the south end of the South Pond, contain both rockfill (dam shell) and fine-grained material that can be recovered
for use in the construction of covers, either in the tailings facilities or pits. Dams 4 and 5, which separate the
South and Central Pond should be carefully evaluated for physical stability if the decision is made to remove only
the South Pond. These dams are effectively buttressed by the consolidated tailings in the South Pond, and
additional studies would be needed to assure that they would provide the needed stability in the long term if only
tailings from the South Pond are removed. If both the South and Central Ponds are removed at the same time, the
excavation could proceed with equal lifts on both sides of Dams 4 and 5, with the dams gradually removed as the
tailings elevation is brought down.
Removing the Central Pond without removing the North Pond at the same time would produce significant
challenges. Dam 6, which divides the North and Central Ponds has not been designed as a retaining dam. It is an
operational berm that has been built up along a centerline as the deposits have grown. As such, it is not designed
to retain tailings or water. It would not be feasible to excavate all of the South and Central Pond tailings without
considering measures for the stability of Dam 6. Buttressing or reconstruction of the dam would be needed.
Significant design effort would be needed to develop a workable approach to buttressing or re-constructing this
dam in a form that would permit excavation of the tailings from the Central Pond.
As a matter of logistics, the area of the Central Pond that could be accessed for excavation of the tailings will be
limited until the sea containers currently stored in the pond have been moved.
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NORTH
Figure 5: Location of Dams on South, Central, and North Ponds

4.1.2

Transport

Excavated tailings will be placed in dedicated haul trucks, and transported to their final disposal location, where
they will be dumped. The principal challenges associated with the transport will be dust management and the
handling of wet tailings.
To minimize the generation of excess dust, covering of the truck load is suggested. Alternatively (or in addition)
the surface of the tailings in the truck can be wetted manually to minimize dust prior to the haul.
When wet tailings are hauled, the principal concern is leakage of tailings from the trucks. This could in theory result
in contamination of the road surface along the haul routes in excess of NWT industrial standards. Mitigation
measures for this risk could include the use of lined trucks for hauling wet tailings, restrictions on the movement
of such tailings to the winter (i.e., hauling frozen tailings), or considering a provision to remove the upper layer of
the road topping along haul routes following completion of the transportation program, with disposal of the removed
material in open pits or in an existing tailings pond.
An additional logistical concern in the case of transporting tailings by truck would be encountered if it was
necessary to dispose of tailings in the Northwest TCA. Access to the Northwest TCA by truck would require a
highway crossing for every haul road. This would present challenges for health and safety, community relations,
and would likely impact significantly on the road condition at the crossing.
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4.1.3

Placement

Open Pits
Placement of tailings within the pits would require truck access to the pit for dumping of tailings. Edge dumping of
tailing from the top of the pit is not considered feasible due to safety concerns for access of heavy equipment to
the edge of the pit, and the inability to push tailings out progressively from the edge and obtain a trafficable surface.
The pits are not currently in a condition that would permit heavy equipment access to the bottom of the pit, both in
terms of pit wall stability and the stability of nearby stopes. The underground rehabilitation works for the pit areas
would need to consider safe access the pits with heavy equipment, and assure a secure working foundation.
Tailings dumped in the pit would be spread in thin lifts with a dozer and track compacted (conceptually 0.3 m lifts).
The reason for this would be to minimize the bulking of the tailings as placed, and to minimize future consolidation
of the tailings backfill once the tailings have been placed. Depending on the final land use and tolerance for
differential settlement, more controlled and comprehensive compaction could be taken, although this would have
a significant impact on the current estimate of unit costs.
Some consolidation of the backfilled tailings will be inevitable, especially if lifts are placed with higher water
contents. If material is transported and dumped frozen, it will not be possible to obtain adequate compaction,
unless the material is allowed to thaw and dry. The placement of frozen material in the lifts could lead to future
thaw and consolidation, or the formation of permanently frozen ice lenses within the material.

Existing Ponds
Overall, the placement of the tailings into the ponds will depend on the requirements of the engineered cover that
is to cap the tailings pond. A requirement of the cover is that incident precipitation can drain off the tailings surface
via gravity flow without the need for pumping systems.
Tailings relocated to the ponds will become the foundation for the tailings cover, and therefore, some degree of
engineering is likely to be required. The degree of engineered to be required are considered to depend on two key
factors: the tolerance of the engineered cover to settlement (either in absolute or differential values) and the
scheduling. A factor related to these two is the degree of moisture conditioning and compaction required to achieve
the requirements of the cover.
If the engineered cover has a high settlement tolerance (e.g., monolithic rockfill) then the placement of tailings in
the ponds may not need narrow technical specifications to achieve the requirements of the cover. Therefore, it
may be adequate to place the tailings by traffic compaction rather than placement in thin lifts. In comparison, if
there is low tolerance to settlement (e.g., geosynthetic), the placement of tailings is likely going to require more
engineering. As such, thin lift placement and a higher degree of compaction may be required.
Considering potential concerns with respect to consolidation/settling of newly placed tailings in the existing ponds,
the following factors should be taken into account:



Foundation Preparation: Underlying materials (existing tailings) in the pond may need preparation
prior to the placement of additional tailings, depending on current conditions and the needed tolerances. At
a minimum, wet or inundated areas will need to be dried, or overloaded with rockfill. All areas
(including those currently dry and those to be dried) may need ripping or proof rolling prior to tailings
placement.
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Placement of Frozen Material: As discussed in Section 4.1.1, excavation of tailings below the water table
may be require excavation in the winter when the tailings are frozen to facilitate excavation. Frozen materials
placed at high water contents will need to thaw, dewater and consolidate. Additional handling, spreading and
compaction of the thawed material will likely be necessary and some double handling of the material prior to
placement may be required in order to achieve a target density. Once excavated in a frozen state, an
intermediate and temporary storage location may be required prior to allow the tailings to thaw, drain, and
consolidate prior to final placement in the ponds.



Scheduling: Time between the placement of the tailings and the cover will be beneficial, as it will allow the
placed tailings to consolidate, and minimize movements that can be expected after placement of the cover.
Longer consolidation periods can generally be expected to help minimize the amount of engineering activities
to prepare the placed materials for cover construction.



Monitoring: Depending on the degree of final surface control and differential settlement tolerances, monitoring
of the placed elevation of material may be needed.

4.1.4

Dust Generation

Due to the arsenic concentrations of the tailings, dust generation is a concern. There is significant pre-existing
concern in the community with regards to the dispersion of dust from the tailings facilities. A program of excavation
and hauling of the tailings will increase the risk of fugitive tailings dust generation for the duration of the program.
While it is unlikely that additional dust generation can be completely eliminated, the following measures can help
mitigate dust generation:



Staged excavation, keeping equipment within clearly defined areas of the tailings facility. All parts of the
tailings facility outside of the active sector to be treated with a dust supressing agent, similar to current
operating conditions.



Active use of water spraying to dampen surfaces and wet working areas to minimize fugitive dust.



Use of covered trucks and/or wetting the surface of the tailings load in the truck prior to haul.



If needed during placement of tailings, water spraying to control dust. Anticipated to be less of an issue during
in-pit placement due to the wind shelter effects of the pit wall.

4.1.5

Health and Safety

Due to the arsenic levels in the tailings, all crews working with the tailings will need to follow strict health and safety
protocols. These protocols have been fully developed and established through previous work on site, and include
considerations such as the use of Tyvek coveralls and respirators when working on tailings, regular medical
examinations, clean/dirty equipment protocols, amongst others. All of these will have an effect on the overall
production of the crew working with the tailings.
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4.2

Logistics for Slurry Pipeline Transport

As an alternative to conventional excavation and hauling of tailings by truck, the possibility of transporting tailings
by pipeline was evaluated. Tailings would be mixed with water at the ponds to generate a slurry that could then
be pumped. Moveable pipelines would be used to transport the pumped tailings to the final disposal location. In
the case of in-pit disposal, the slurry would be discharged directly to the pit, and allowed to fill the pits. No spreading
or compaction of the tailings would be required, however an extended period of dewatering and consolidation
would be needed, and treatment of the pit bottoms to accommodate the slurried tailings.

4.2.1

Slurry Production

Tailings will be slurried within the existing ponds. There are various approaches available to re-slurry tailings within
a pit. One approach is to excavate tailings and place them in a container to mix with water, and pump from the
container using a suspended Toyo pump or similar. However, for the current evaluation the selected approach is
similar to the approach that was used to mine tailings from the North Pond in 1988 to 1990. In the proposed
approach, hydraulic removal of the tailings will be achieved by using skid or track mounted high pressure hydraulic
monitors (water cannons) to distribute a high pressure water jet and erode tailings in sections, causing the
generated slurry to flow towards an excavated sump. Submersible dredge pumps (Toyo or Dragflow) will be
installed in the sumps to pump the tailings to the required location via a booster pump station.
This tailings removal method will require frequent relocation of the hydraulic monitors, dredge pumps, pipes and
temporary earthworks to create new sumps within the tailings ponds. Spare or standby dredge pumps and
hydraulic monitors will need to be available to ensure constant operating hours, with standby pumps and monitors
used during pipe extension or monitor changeovers. For the purposes of this evaluation, it has been assumed that
2 shifts will work 24 hours a day, 7 days a week to complete the work, and that there will be no work during winter
months. One hydraulic monitor will be required at each sump, along with one pump per sump. The slurry mix would
be transported to a common concrete sump or agitated tank located at the booster pump station via individual
12” high density polyethylene (HDPE) pipes.
While significant deposits of ice or frozen tailings were not encountered during the 2016 drilling program, such
deposits, if present, could significantly impact the hydraulic slurry production. The presences of such deposits had
a negative impact on the hydraulic tailings mining that was conducted in the North Pond previously (SRK 2013).
The water supply needed for the operation of the system will be significant. A preliminary estimate based on past
experience with similar projects suggests that an average slurry solids concentration of 15% by weight will need
to be attained. This would translate to an estimated 14 million cubic metres of water 2 for tailings transport over the
project duration, if both the South and Central Ponds are transported. 3 As all water used for tailings transport
would become contact water, likely impacted by arsenic, existing sources of contact water should be used. For
the purposes of this estimate, it has been assumed that the water used for the slurrying of the tailings is either
taken from the water in the North Pond, or is extracted from the underground mine. The total volume of water in
the North Pond is estimated to vary between 180,000 m3 and 200,000 m3, which suggests that the focus for
providing the needed transport water would be pumping from underground.

2

This is calculated assuming a dry density of tailings of 1,430 kg/m3. As indicated in Appendix C, historically a value of 1,380 kg/m3 has been
used. However, in situ testing conducted as part of the 2016 drilling campaign suggests that 1,430 kg/m3 is a more accurate number for current
conditions in the North, Central, and South Ponds. While a different dry density will impact the volume estimate, the order of magnitude will
remain the same.

3

For reference, this would be equivalent to a column of water roughly 24 m high over the entire footprint of the North, South, and
Central Ponds.
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If the slurry option is carried forward, hydrogeological modelling would need to be conducted to confirm the
availability of this amount of water, considering some recirculation of water that drains down from the pits into the
underground works as the hydraulically places tailings dewater and consolidate. The implications of extracting this
volume of water from the underground and any constraints on pumping rates that may affect timeframes would
need to be carefully evaluated. For instance, pumping water at the rates needed could theoretically impact the
salinity gradients in the underground mine water, with potential impacts on the salinity of the feed water to the
water treatment plant.
For the purposes of this analysis, it has been assumed that there are no rate limitations on water supply for slurry
production, but this assumption would need to be carefully vetted in the design of the transportation approach.
There are information gaps that would need to be addressed prior to design, such as developing an updated
hydrogeological model capable of evaluating pumping effects, characterization of salinity gradients in the
underground, and modelling of the impact of pumping on the gradients.
In Section 4.1.1 on the logistics for the conventional excavation of tailings outlined the issues around exposing the
internal dams around the Central Pond, particularly Dam 6 located between the Central Pond and the North Pond,
and Dams 4 and 5 located between the South Pond and the Central Pond. Those consideration apply equally if
the tailings are removed by hydraulic methods.

4.2.2

Pipeline

Tailings will be pumped from the slurry point to a booster pump station. This station will consist of a horizontal
centrifugal slurry pump(s) and a concrete sump or an agitated slurry mixing tank to maintain constant flows and
consistent densities for stable slurry pipeline operation. The number of pumping stages at the booster station will
depend on the distance from the booster station to the final disposal location. The booster pumps will be provided
with a gland seal water system. At a conceptual level, a 20” HDPE pipeline has been considered for transport of
the tailings slurry from the booster pump to the final disposal point.
If it is necessary to dispose of tailings in the Northwest TCA, a pipeline crossing under the highway could be
constructed to accommodate the pipeline crossing.
One of the risks to consider in this approach is the risk of damage to the pipeline during operation. A pipeline break
or leak could result in the uncontrolled discharge of tailings at some point along the pipeline alinement.

4.2.3

Deposition and Dewatering

Slurried tailings from the pipeline would be deposited within the pits or tailings facility via a discharge spigot. Due
to the fluid nature of the tailings, it is anticipated that adequate distribution of the tailings within a pit will be
achievable through direct discharge over the edge of the pit. For discharge to an existing tailings facility, the
discharge location would need to be designed in more detail, in order to assure that there is adequate distribution
of the tailings over the horizontal extent of the tailings facility, and appropriate control of the pond location to
facilitate dewatering and avoid off-site seepage. A deposition plan would be required, similar to that employed by
any mine operating a tailings storage facility, in the event that this transportation option is advanced to the next
stage of studies.
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Hydraulic discharge of tailings to the pit will require preparation of the pit to ensure adequate retention of the
tailings over the long term. All plugs in pit openings would need to be engineered to resist hydraulic pressures.
While short term loss of tailings to the underground may seem to be a benefit, the risk is that short-term bridging
of the opening develops during filling. If this bridge gives way with time or during reflooding of the underground,
there is risk of rapid material loss/volume change, resulting in areas of subsidence at the ground surface. As a
competing design consideration, the pit would need to permit and facilitate dewatering of the tailings, with
discharge of the excess tailings water to the underground works, where it can be re-captured by the pumping
systems for treatment or use in the slurry development.
The formation of a slurry that is 15% solids by weight implies a significant increase in the total volume of tailings.
As an example, the “as-pumped” volume of combined tailings from the South and Central Ponds is estimated to
be over 15 million m3 (compared to an in situ volume of 1.75 million m3, after removal of 400,000 m3 for
underground rehabilitation), far in excess of any storage capacity on site. While this volume increase is not
permanent, it must be managed over the course of the tailings transport program. The current in situ tailings
volumes reflect the impact of years of drying and consolidation in their current location. Generating a tailings slurry
will “re-set the clock” on this consolidation, and the volumes will need to be carefully managed. As an example,
the current volume of tailings in the South Pond is roughly equivalent to the combined volume of the
A1 and C1 Pits. However, the total volume of the South Pond transformed into a slurry at 15% solids would be
roughly 6.5 million m3, roughly nine times more that the volume of tailings to be moved. While these tailings could
be pumped to the pits in a matter of years, achieving the dewatering and consolidation necessary to accommodate
the full volume would take many more years or possibly decades. The logistical considerations around dewatering
and accommodating volumes of transport would not be insignificant.
An additional consideration with the dewatering of the relocated tailings is that even in cases where there are not
concerns with available capacity, the time necessary for the tailings to dewater and fully consolidate in place should
be estimated and taken into account in planning.
One option to reduce bulking and enhance water recirculation would be to introduce one or more stages of
thickening to the process. During thickening water is removed and the solids content increases. As a general trend,
the density and strength of deposited tailings would be expected to increase with increasing solids content.
Thickening options could include:



Conventional tailings dewatering: Using conventional thickeners, tailings could be thickened to 30–55%
tailings by dry weight, and still be pumped conventionally. There would still be significant water release at the
final deposition point.



Thickened tailings: Using a high density or deep-cone thickener to obtain 65–72% solids by weight. Much
less water released.



Paste tailings: Specialized paste thickeners or ultra-high density thickeners are needed, and positive
displacement pumps needed for transport.



Filtered tailings disposal: pressure or vacuum filters used to obtain a tailing that is over 85% solids and can
be moved easily with standard earthmoving equipment.
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Any of these thickening approaches would result in benefits for water handling, but at the cost of significant
additions to the project capital cost, greater energy requirements, and increase in operating complexity. If pumping
of tailings was selected as a design option, trade off studies should be conducted evaluating the costs and benefits
of the various thickening technologies available. In conducting a trade-off, additional consideration should be given
to the management of any supernatant water generated, as it is likely to be high in arsenic and require treatment.

4.2.4

Dust Generation

One of the main advantages of pumping tailings will be the reduction in dust generation. There will be some
earthworks at the tailings facility for developing the sumps and feeding the sump area with tailings that may result
in the generation of dust, but any dust generation should be less than would be expected for excavation and truck
loading. Dust generation during transport and deposition should be minimal.

4.2.5

Health and Safety

Health and safety consideration for working on the tailings would be similar to the truck transport case. The
principal difference is that there would be less handling of the tailings at the deposition point, as there would not
be a crew spreading and compacting the tailings in-pit.

4.3

Comparison between Truck and Slurry Pipeline Transport

Table 9 below provides a brief summary of the differences between truck and slurry transport for tailings transport
at Giant. Based on this comparison transport of tailings by conventional excavation and trucking has been carried
forward for the option comparison in Section 5.0 of this report.
As can be seen in Table 9, unit costs are fairly similar, and slurry transport has some advantages in terms of less
dust generation. However, conventional excavation and transport offers numerous advantages, particularly
considering the limited space available on site for tailings disposal. The bulking of the tailings created by the slurry
process would present numerous logistical risks and complications, that could stretch the implementation process
out for years while the needed consolidation takes place, and could potentially introduce excessive delays in
achieve desired landforms. Further, the large volumes of process water that would need to be managed would
generate risks related with possible discharges of impacted water. Incorporating a dewatering stage to speed up
consolidation may help compensate for this, but would significantly increase the unit costs, with the degree of
increase related to the type of dewatering incorporated in the process. Finally, while slurry options can be expected
to dramatically reduce the dust generation during tailings transport, it cannot be expected to completely eliminate
it.
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Table 9: Comparison between Truck and Slurry Transport of Tailings

-

Consideration
-

Truck Transport

Slurry
(Pipeline)

$12–$15/m3

$12–$15/m3

-

Direct Cost
Dust Generation



Much higher than slurry. Even with dust control measures, significant dust can be expected.

Overall Complexity

Transportation
Pit Preparation
-

Consolidation/Settling

-





Relatively simple, conventional, commonly used equipment, possible year-round operation.
Able to use local/northern contractors.
Greater complexity for excavation and transport of tailings below current water table.







Drivers needed, more labour intensive, higher risk for road crossings.
Risk of leakage for wet tailings transport.











Works needed to assure safe truck access to base of pit.
Anticipated, but less than slurry options
Possible to minimize by placing and compacting tailings in lifts.

Water Requirements




-

Some dust generation as a part of sump development/operation, but less than with truck transport.
-

Higher complexity, specialist equipment, periodic downtime to be anticipated.
Deposition in existing tailings facilities likely necessary to manage staging of consolidation.
Considerable additional engineering needed to develop deposition plan for tailings, water
management for supernatant, water supply for slurry production, and evaluate possible
environmental impacts from off-site seepage.
Additional studies are not included in the unit cost.
Less labour, much lower risk for road crossings.
Potential for significant tailings spill in event of pipe rupture, leak.
Works needed to provide appropriate hydraulic controls but permit tailings dewatering.
Large settlements anticipated, significant logistical challenges anticipated with bulking and
subsequent consolidation/thickening of tailings.



Large water volume to slurry tailings (could use impacted water).
To relocate the South Pond (Option 3) estimated volume of water required roughly 9 times the
volume of tailings to be moved (moving 0.75 million m3 of tailings requires roughly 6.5 million m3 of
water).
Uncertainty as to the availability of water at the rates/quantities required for slurry production.

Tailings placed at residual moisture content, little additional drainage anticipated although
transport vibrations may liberate come water.



Significant water management challenges anticipated, especially for tailings place in existing ponds.



Limited. Relatively little water introduced into system.



Significant. Excess water in tailings facilities would need to be carefully managed to avoid seeps or
new impacts on surface water.




Ongoing truck haul, use of site roads.
Limited impact from the presence of frozen tailings or ice lenses, may in fact be beneficial
(more stable).
Year-round operation possible, may be beneficial.
Logistics more complicated with greater uncertainty for excavation below current water
table





Temporary pipelines may result in some road use restrictions, depending on layout.
Frozen tailings or ice lenses in tailings may generate delays in operations.
Year-round operation difficult or impossible.

Relocation of South Pond only may be possible within several years (summer months only).
Relocation of Central Pond, in addition to South Pond would extend duration beyond
South Pond only.
Period could extend depending on logistical challenges with the movement of material from
below the water table.





Several years to transport full volume of South Pond only.
Additional duration likely to be required to relocate Central Pond, in addition to South Pond.
Real time potentially much longer if there are restrictions generated by water supply, consolidation
of tailings needed to provide volume.

More workers, more exposure to dust, more driving risk.
Increased risk due to accessing pits.



Fewer workers, less exposure to dust.


Water Management



Potential for increased arsenic loadings
(water quality)

Limited water required for dust control (can use impacted water, could be sourced from
existing ponds).

-

Logistical Considerations



Duration





- Health and Safety
-
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5.0

OPTION COMPARISON

Potentially feasible permutations and combinations of transportation options and final deposition locations could
be used to generate dozens of workable options. For the purpose of the present option evaluation, the scope of
work has been limited to three options, which are considered broadly representative of the range likely to be
considered. The two representative relocation options considered are relocation of the South Pond (Option 1) and
relocation of both the South and Central Ponds (Option 2). The third option is a “do nothing” base case, with no
tailings relocation (Option 3). In all options, an engineered cover is assumed to be placed over the remaining
tailings.
In Section 3.0 two scenarios for the destination of relocated tailings were identified as being plausible based on
the estimated quantity of relocated tailings and the available capacity on site. If only the South Pond tailings are
relocated (Option 1), capacity exists within the existing tailings facilities. To reduce the tailings footprint further by
relocation of the Central Pond tailings in addition to that of the South Pond a combination of tailings placement in
pits and within existing tailings facilities was required (Option 2).
In Section 4.0 the logistics required for conventional excavation and trucking of tailings versus hydraulic removal
pipeline transportation were evaluated. The discussion provides a general basis for the assumption in the
comparison of the following options that if the tailings are transported, conventional excavation and trucking of
tailings will be used.
The options evaluated and compared in more detail are as follows:



Option 1 – Relocate South Pond: Excavation of tailings from the South Pond and relocate in the
North Pond, and placement of an engineered cover over the consolidated tailings.



Option 2 – Relocate Central and South Pond: Excavation of tailings from the Central and South Ponds
and relocation within A1 Pit, C1 Pit, and the North Pond, with placement of an engineered cover over the
consolidated tailings and the tailings disposed of in pits



Option 3 – Cover Tailings in Place: No removal of existing tailings deposits. The engineered will cap the
tailings in their current location within the North, Central, and South Ponds.

The options were compared using two quantitative methods: tailings footprint and cost. While tailings relocation
will reduce the footprint, it will require capital investment to achieve that reduction. The following principal cost
items are considered in the cost estimates:









Tailings relocation
Tailings cover construction
Dam stability assessment including drilling investigation and analysis
Dam stabilization works
Dam modification increase storage capacity (where required)
Dam removal (where required)
Additional water treatment costs (treating surface water runoff from former tailings areas)
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In addition to the quantitative comparisons, a qualitative comparison has been carried out. The qualitative
comparison of the options includes the following:



Social Acceptance



Dust generation, both during construction and post-closure



Tailings spills



Geotechnical risk



Differential settlement and subsidence, and its resulting impact on cover



Construction risk;



Water quality risk in post-closure



Regulatory considerations



Maintenance and monitoring

5.1

Option Layout

5.1.1

Option 1 – South Pond Relocation

Figure 6 presents the conceptual site layout for Option 1. Tailings from the South Pond are excavated and placed
in the North Pond. The tailings in the Central and North Ponds are to be capped with an engineered cover and a
spillway is to be excavated to convey surface water runoff from the covered area. Dams 11 and 12 are to be
removed, with Dams 4 and 5 then becoming perimeter dams.
For the purpose of this study the cover is assumed to consist of a non-vegetated rockfill cover underlain by a fine
grained layer, similar to one of the options presented in Golder (2017f). The same cover is considered for all cover
needs in the three options. Although the actual tailings cover design may be different from that assumed in this
study, it is not considered to have a major impact on the relocation outcomes as all options considered use the
same cover design.
To the west of the North Pond a spillway is to be excavated to convey surface water runoff from the tailings cover.
Surface preparation and contouring is anticipated to be required in order to achieve the grades and elevations
necessary to drainage via gravity. This spillway from the North Pond would be require for Options 2 and Option 3
as well.
In order to retain the relocated tailings in the North Pond, it is expected that Dam 2 will require stabilization and
the construction of an upstream low permeability barrier. Although a raise to Dam 2 is not anticipated based on
the volume balance results, the stability of the structure does not satisfy CDA guidelines for minimum factors of
safety (CDA 2013). As such it has been assumed for costing purposes that a buttress will be constructed to achieve
minimum factors of safety. It has been assumed that a rockfill buttress constructed at the downstream toe of the
dam will be adequate to stabilize the dam.
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In order to retain the relocated tailings in the North Pond, the construction of a low permeability barrier along the
upstream slope of Dam 2 has also been assumed for costing purposes. Tailings placed upstream of the dam are
likely to be wet and may result in an elevated phreatic level upstream of the dam for some period of time. As there
have been concerns with internal erosion of the dam’s foundation in the past (Golder 1999), a low permeability
barrier would potentially be required to mitigate this risk.
Excavation of the South Pond will result in Dams 4 and 5 becoming perimeter dams. For costing, it has been
assumed that these dams will require stabilization, and that this stabilization can be achieved using a rockfill
buttress of limited extent. Dams 11 and 12 are to be removed, with Dam 7 eventually being removed once surface
water runoff from the recovered area meets discharge criteria.

5.1.2

Option 2 – Central and South Pond Relocation

Figure 7 presents the conceptual site layout for Option 2. In this option, the tailings from the Central and
South Ponds are relocated to A1 Pit, C1 Pit, and excess tailings placed in the North Pond. The relocated tailings
are covered using the same cover assumed in Option 1, as would be the tailings that remain in the North Pond.
In addition to the North Pond spillway (described in Option 1), this option may require an additional spillway in the
Central Pond. Historic topographic maps (Geocon 1975) indicate that the natural soils underlying the Central Pond
slope to the north, in the direction of the North Pond. A spillway would be likely required in order to manage surface
water runoff from the terrain once the tailings have been removed, to prevent pond formation on the downstream
side of the North Pond.
Similar to Option 1, Dam 2 will require stabilization and the construction of an upstream low permeability layer. In
comparison to Option 1, the volume of tailings to be placed in the North Pond is slightly different, resulting in small
differences in the estimated costs.
Unlike Option 1, the relocation of the Central Pond in Option 2 will expose Dam 6 at the interface between the
North and Central Ponds. As Dam 6 is not designed or constructed as a retaining structure, and engineered dam
would need to be constructed at the southern limit of the North Pond as a tailings/water retaining structure. This
poses a significant engineering challenge as Dam 6 in its present state is not an engineered water retaining
structure.
Following relocation of tailings, several dams are assumed to be entirely removed from the perimeter of the Central
and South Ponds. As the Central Pond is relocated, Dams 4, 5, 8, and 9 are removed. Similar to Option 1,
Dams 11 and 12 are to be removed as well. Material resulting from the removal of these dams will be hauled and
placed within the recovered tailings areas and used to recontour the area. Dam 7 is assumed to be removed once
surface water runoff from the recovered tailings areas is shown to meet discharge criteria, as per Option 1.
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5.1.3

Option 3 – Cover Tailings in Place

Figure 8 presents the conceptual site layout for Option 3, where the tailings are not relocated and are covered in
their current locations. Similar to Option 1, a spillway would be excavated at the western edge of North Pond, but
in this option, it would convey water from the South Pond, in addition to the North and Central Ponds. As with
Options 1 and 2, a buttress will be constructed at the downstream toe, but no upstream low permeability element
would be required as no tailings are relocated.

5.2

Quantitative Assumptions for Costing

As the options assessment is at the conceptual stage, assumptions are required in order to estimate the cost of
tailings relocation, tailings cover construction, dam stability assessment, and additional water treatment costs.
These assumptions have been developed to provide a reasonable basis for comparing options at a conceptual
level. However, due the limits in available information to support the assumptions, there is unavoidable uncertainty
at this level of study. Appendix E provides a detailed description of the assumptions used in developing the
estimates, with a summary of the principal assumptions provided in this section of the report in order to provide a
general understanding of the design concepts. A list of exclusions from the cost estimates is also provided in
Appendix E. Due to these exclusions, the costs estimated should be understood as a relative quantitative basis
for comparing options, but unlikely to be a true construction cost estimate.
The majority of the cost of each option results from the earthworks associated with relocation and/or capping of
the tailings. For relocation of tailings, it is assumes that relocation uses conventional excavation and hauling and
that the placed tailings are compacted to a target density. Dewatering of the tailings permitting excavation and
trucking is assumed to be achieved by conventional surface methods. Following tailings relocation, it is assumed
that the majority of natural soils underlying the tailings are left in place and that the recovered area does not require
cover material. Allowances for rehabilitation of a portion of the natural soils and water treatment of surface water
runoff have been included in the cost estimate.
Tailings to be used for the production of paste backfill is assumed to be sourced from the Central and South Ponds
only. However, the sourcing locations of tailings for paste production in the future may be driven by the tailings
relocation work in order to optimize the project as a whole. Tailings sourced from the pond(s) to be relocated rather
than those to be covered in placed would reduce double handling, and thus cost. It is assumed that the cost to
excavate tailings for use is paste backfill is incurred by the underground stabilization project, and therefore, is
excluded for the tailings relocation cost estimate.
All tailings, either those relocated or left in place, are assumed to have an engineered cover, consisting of a 0.7 m
thick layer of rockfill underlain by 0.4 m of fine grained material. An allowance has been provided for recontouring
the surface of the tailings in the ponds prior to placement of cover material.
In addition to tailings relocation and cover costs, several assumptions were required to account for the dams that
currently retain the tailings and the additional water treatment that may be required following their removal.
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For the dams, it has been assumed that issues of slope and ground stability can be addressed to meet the
minimum CDA guidelines (CDA 2013; 2014). It has been assumed that placement of a rockfill buttress is adequate
to achieve minimum factors of safety. In addition to a buttress, it has been assumed that the upstream low
permeability barrier for Dam 2 is adequate to address issues relating to ground and foundation stability. If the
Central Pond is removed, it is assumed that a central core dam with a rockfill shell can be feasibly constructed in
place of the current Dam 6 (which is not a retaining structure in its present form). Construction of such a dam
would require excavation of up to 20 m of tailings along the dam’s footprint, and placement of the dam’s engineered
core, filter and shell material in compacted lifts. It is recognized that alternative dam construction options exist, but
the assessment of Dam 6 re-construction options is beyond the scope of this study.
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In cases where fine grained material is to be placed, either at the upstream slope of Dam 2 or in the replacement
of Dam 6, it has been assumed that suitable sources of clay, sand, and gravel can be found within identified borrow
sources on site. The cost estimate assumes that selective excavation, sorting, and screening is required in order
to satisfy the material consistency typically required in the construction of water retaining structures.
It has been assumed that all materials used in the construction of the tailings covers and dam stabilization works
can be sourced on site within the identified borrow sources on site. It is recognized that while the quantities of
materials estimated are significant, they are considered to be within the range of the potential quantities identified
in updated borrow source assessment report (Golder 2017e). Work is on-going under a separate scope to evaluate
and track that the quantities estimated for the rehabilitation work project wide is in balance (Golder 2017).Following
the removal of tailings the area recovered may require additional remedial measures. However, natural soil
samples collected below the deposited tailings indicated variable levels of total arsenic concentration
(Appendix A), with samples collected at a depth greater than 1.5 m below the top of tailings tending to be below
the limit for industrial land use criteria for site remediation in the Yellowknife area (GNWT 2003), and below
interpreted typical background concentrations for the Yellowknife area. In addition, the equipment and handling
procedures that the contractor selects to excavate the tailings at the interface of the tailings and natural soil will
affect the degree of additional remediation that may be required. If incentives or provisions exist that motivate the
contractor to prevent contamination of otherwise acceptable natural soil or to minimize the residual tailings left
behind, then the degree of additional remediation could be reduced. Therefore, the degree of additional
remediation to be required following removal of the tailings is uncertain at this stage.
Although the level of residual contamination following tailings relocation is uncertain, an allowance has been
provided for remedial efforts following tailings relocation. This includes remediation of portions of the natural soil
underlying the tailings (by excavation of contaminated material) as well as collection and treatment of surface
water runoff from the recovered area. The cost estimate assumes that the recovered area does not need to be
capped with an engineered cover.
For the purpose of this study it has been assumed that 25% of the natural soil estimated to be located below the
ponds requires removal. It is assumed that this material would be disposed of in a similar fashion to other
contaminated soils at the mine site. For water treatment, it has been assumed that surface water runoff from the
catchment of the recovered tailings area requires treatment for 10 years. Thereafter, it has been assumed that
water quality is suitable for direct discharge. For costing it has been assumed that the recovered area is graded
and contoured to promote surface drainage to a single collection point for treatment. Dam 7 will remain in place to
facilitate capture of the runoff, and not decommissioned until it can be shown that surface runoff will comply with
discharge criteria.
For dam removal costs, it has been assumed that the dimensions, elevation, and grades indicated on typical dam
design cross-sections for the existing dams are reasonably representative of the as-built conditions. Material
removed from the dam is assumed to be hauled and trucked to the area within the relocated tailings facility for
placement and grading to promote surface water runoff. An allowance for compaction of the removed materials
has been included in the cost estimate to account for additional handling that may be required in select areas to
minimize erosion.
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The following general assumptions apply for all options considered:



Cost estimates provided have an expected accuracy of at best -30 to +50%.



All earthwork is carried out by contractors located in Yellowknife.



All earthworks are completed during summer season.



All borrow materials are located within the mine lease boundary and are available at no additional costs
(e.g., royalties and taxes) other than those typically associated with developing and maintaining a borrow
source.
No indirect costs have been included (e.g., contractor’s profit, overhead, wages, etc.).

Refer to Appendix E for a list of items excluded from the cost estimate.

5.3

Quantitative Comparison

Quantification of the options has been evaluated in terms of reduction in tailings footprint and cost.

5.3.1

Tailings Footprint

Table 10 presents a comparison of the change in tailings footprint areas resulting from tailings relocation. Option
2 results in a greater reduction in tailings footprint than Option 1, providing 47,000 m2 more of recovered area.
While Option 2 recovers an area of 218,000 m2 by relocating the Central and South Ponds, the estimated tailings
surface area at the rim of the backfilled A1 and C1 Pits is 79,000 m2, resulting in a net reduction of the tailings
footprint by 139,000 m2. While Option 3 recovers less surface area than Option 2, it still reduces the overall tailings
footprint by 18%, and would not result in any new areas (pits) holding tailings.
Table 10: Comparison of Change Tailings Footprint Areas
Total Tailings
Area
Tailings Area
Following
Recovered
Option
Name
Relocation
(m2)
(m2)

Change (a)(b)
(m2)

(%)

Present Day

North Pond
Central Pond
South Pond

n/a

506,000

n/a

n/a

Option 1

North Pond
Central Pond

92,000

414,000

-92,000

-18

Option 2

North
A1 Pit
C1 Pit

218,000

367,000

-139,000

-27

Option 3

North Pond
Central Pond
South Pond

0

506,000

0

0

a)

In comparison to present day tailings footprint area in the North, South and Central Ponds of 506,000 m2 (SRK 2007).

b)

A negative value implies a reduction in the tailings footprint area from present day.
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The percent change shown in Table 10 is relative to the total tailings area for the North, Central and
South Ponds only. It is recognized that the resulting percent change would be reduced if the areas of the
Northwest, Polishing, and Settling Ponds were included If this total area (approximately 104 ha currently) is used
as a basis of comparison, the area reduction for Option 1 (South Pond only) would be 9% and for Option 2
(South and Central Pond) would be 13%.

5.3.2

Option Cost Comparison

A summary of the total cost estimated for each option is presented in Table 11, considering the assumptions
summarized in Section 5.2, and presented in more detail in Appendix E. These costs include tailings relocation,
cover construction, drilling (geotechnical) investigations, dam stabilization/construction, dam removal,
rehabilitation of recovered area, and water treatment. Further detail on the costs of each of these individual items
is provided in the following subsections.
Relocation of the South Pond only (Option 1) is the lowest tailings relocation option, as it is roughly half the cost
of relocation both the South and Central Ponds (Option 2). Relocation of the South Pond only (Option 1) is roughly
twice the estimated cost of covering the tailings in place (Option 3).
Relocation of the Central and South Ponds (Option 2) is almost 4 times more expensive than covering the tailings
in place (Option 3).
Table 11: Summary of Cost Comparisons ($ million CDN)
Description
Tailings Relocation
Tailings Cover

Option 1:
South Pond Only
Relocation

Option 2:
South and Central
Pond Relocation

9.8

24.5

0

15.4

13.7

18.8

Option 3:
Cover in Place

Drilling Investigation

0.3

0.5

0.2

Dam Stabilization and Construction

2.5

14.4

0.8

Dam Removal

2.0

3.2

0

Rehabilitation of Recovered Area

3.5

7.9

0

Additional Water Treatment (NPV)

3.0

6.0

0

Mobilization/Demobilization
Sub-total

0.6
37.1

0.8
71.0

0.5
20.3

Contingency (Variable[b])
Total Direct Cost

11.1
48.2

24.9
95.9

5.1
25.4

a)

Cost values shown may not sum due to rounding to the nearest $0.01 million ($10,000).

b)

Uncertainty is not equivalent for all options. The contingency for each option has been estimated by a percentage that is judged to be
representative of the relative uncertainty in the estimated sub-total cost: Option 1 – 30%, Option 2 – 35%, and Option 3 – 25%.
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5.3.3

Tailings Relocation

Table 12 presents the tailings relocation costs for Options 1 and 2. As less tailings is relocated in Option 1 it has
a lower estimated cost than Option 2. The estimated unit price for Option 1 is less as the average haul distance
from the South Pond to the North Pond is slightly lower than for the haul distance to the A1 and C1 Pits.
Table 12: Comparison of Tailings Relocation Cost
Cost
($CDN)

Tailings Relocation

a)

Option

From

To

Volume
(m3)

Unit Price
($/m3)

Total Cost
($)(a)

Option 1

South Pond

North Pond

750,000

13.00

9,800,000

Option 2

Central Pond
South Pond

North Pond
A1 Pit
C1 Pit

1,750,000

14.00

24,500,000

Overall total rounded to nearest $100,000 and therefore, may not match exactly with unit price multiplications.

5.3.4

Tailings Cover Construction

Table 13 presents a comparison of the tailings cover construction costs for the three options. At $13.7 million,
Option 2 is the lowest cost option for cover, due to it also having the minimum total surface area of 367,000 m2.
Due to its larger surface area, the cover cost of Option 1 is $1.7 million greater than Option 2. Option 3 is the most
expensive cover option at a cost of $18.8 million due to it having the greatest surface area of the three options
(506,000 m2).

22 June 2017
Reference No. 1313770115-066-R-Rev0-18000

41

(IIGolder
Associates

.,--..

TAILINGS REMEDIAL OPTIONS REPORT

*

Table 13: Comparison of Tailings Cover Construction Cost

Option

1

Area to
Cover
(Ponds/Pits)

Ponds:
North
Central

Pond:
North

2
Pits:
A1
C1

3

a)

Ponds:
North
Central
South

Cost
($CDN)

Quantities
Description
Area
(m2)

Thickness
(m)

Volume
(m3)

Unit Price
($/unit)

Sub-Total
($)

Fine grained material

414,000

0.4

165,600

13/m3

2,152,800

Rockfill

414,000

0.7

289,800

40/m3

11,592,000

Recontour/Surface
preparation

414,000

-

-

4/m2

1,656,000

Fine grained material

288,000

0.4

115,200

13/m3

1,497,600

Rockfill

288,000

0.7

201,600

40/m3

8,064,000

Recontour/Surface
preparation

288,000

-

-

4/m2

1,152,000
410,800

Overall Total(a)
($)

15,400,000

13,700,000

Fine grained material

79,000

0.4

31,600

13/m3

Rockfill

79,000

0.7

55,300

40/m3

2,212,000

Recontour/Surface
preparation

79,000

-

-

4/m2

316,000

Fine grained material

506,000

0.4

202,400

13/m3

2,631,200

Rockfill

506,000

0.7

354,200

40/m3

14,168,000

Recontour/Surface
preparation

506,000

-

-

4/m2

2,024,000

18,800,000

Overall total rounded to nearest $100,000 and therefore, may not match exactly with unit price multiplications.
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5.3.5

Geotechnical Drilling Investigation Cost

Table 14 presents a comparison of the estimated drilling investigation cost, which includes the
mobilization/demobilization, drilling time, borehole instrumentation, and engineering supervision. At a minimum,
Dam 2 is likely to require investigation due to findings of a stability review (Golder 2015). Even if no tailings are
relocated (Option 3) the estimated cost Dam 2 roughly $200,000, which has a provision for mobilization.
In Option 1, Dams 4 and 5 are investigated as the relocation of the South Pond results in these dams becoming
perimeter dams for the Central Pond. With the additional relocation of the Central Pond (Option 2), investigation
of Dam 6 is required as a basis for the engineering design of the reconstruction of the dam to retain the North
Pond. If all tailings are covered in place and no relocation occurs (Option 3), only Dam 2 is investigated.
Table 14: Comparison of Geotechnical Drilling Investigation Costs
Cost
($CDN)

Quantity
Option

Dams
Investigated

Description
Value

Unit

Unit Price
($/unit)

1

No.

50,000 (lump)

50,000

20

days

$8,000/day

160,000

9

No.

1

No.

Mobilization/
Demobilization

1

No.

50,000 (lump)

50,000

Duration of
Drilling

28

days

$8,000/day

224,000

14

No.

1

No.

1

No.

50,000 (lump)

50,000

Duration of
Drilling

8

days

$8,000/day

64,000

Instrumented
Boreholes

2

No.

$2,000
per instrument

4,000

Engineering
Analysis

1

No.

50,000 (lump)

50,000

Mobilization/
Demobilization
1

2

3

a)

Dam 2
Dam 4
Dam 5

Dam 2
Dam 6

Dam 2

Duration of
Drilling
Instrumented
Boreholes
Engineering
Analysis

Instrumented
Boreholes
Engineering
Analysis
Mobilization/
Demobilization

$2,000
per instrument
100,000
(lump)

$2,000
per instrument
150,000
(lump)

Sub-Total
($)

Overall
Total(a)
($)

330,000
18,000
100,000

450,000
28,000
150,000

170,000

Overall total rounded to nearest $10,000 and therefore, may not match exactly with unit price multiplications.
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Estimates provided in Table 14 are intended for comparison purposes only. The increasing cost, lowest in Option 3
and highest in Option 2, are intended to show the anticipated trend of increasing cost as the geotechnical
complexity of the options increases. These estimates are approximate and should not be used for budgeting
purposes. Depending on the option selected, the cost estimate for investigations should be refined.

5.3.6

Dam Stabilization and Construction Cost

Table 15 presents the comparison of dam stabilization and construction costs. Due largely to the need to
reconfigure Dam 6 if the Central Pond is removed, dam stabilization and construction costs are far higher for
Option 2 than Option 1, by a factor of six. On its own Dam 6 contributes approximately $13 million to the estimated
cost of Option 2.
Even if no tailings relocation is undertaken, some dam stabilization and construction costs are expected at Dam 2,
due to issues previously identified in this report.
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Table 15: Comparison of Dam Stabilization and Construction Costs

Option

Dam

Type
(Stabilization/
Construction)
Stabilization

Description

Construction
1

5

Stabilization
Stabilization
Stabilization

2
Construction

2

40,000

20,000

40/m3

800,000

25,000

4/m3

100,000

13,000

16/m3

208,000

7,000

40/m3

280,000

5,000

4/m3

20,000

22,000

40/m3

880,000

Excavation

1,000

4/m3

4,000

Rockfill

3,000

40/m3

120,000

10,000

4/m3

40,000

20,000

40/m3

800,000

Excavation

25,000

4/m3

100,000

Fine grained

12,000

16/m3

192,000

6,500

40/m3

260,000

300,000

4/m3

1,200,000

62,000

16/m3

992,000

270,000

40/m3

10,800,000

10,000

4/m3

40,000

20,000

40/m3

800,000

Rockfill
Fine grained
Excavation
Rockfill

Excavation
Rockfill

Coarse grained
Excavation
6

Construction

Fine grained
Rockfill

3
a)

2

Stabilization

Sub-Total
($)

4/m3

Coarse grained
4

Unit Price
($/unit)

10,000

Excavation
Excavation

2

Volume
(m3)

Cost
($CDN)

Excavation
Rockfill

Overall Total(a)
($)

2,500,000

14,400,000

800,000

Overall total rounded to nearest $100,000 and therefore, may not match exactly with unit price multiplications.
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5.3.7

Dam Removal Cost

Table 16 presents the comparison of dam removal costs for Options 1 and 2. While Option 1 is the lowest cost,
there is only about $1.2 million difference between the two options for dam removal. This is because Dam 11
removal would be undertaken in both options, and is the major contributor to cost due to its size. Option 3 has no
costs associated for dam removal in this comparison as no significant dams removals are anticipated.
Table 16: Comparison of Dam Removal Cost

Option

1

2

3
a)

Dams to be
Removed

Dam 7
Dam 11
Dam 12
Dam 4
Dam 5
Dam 7
Dam 8
Dam 9
Dam 11
Dam 12
None

Material

Coarse
grained
Fine grained
Coarse
grained

Volume
(m3)

Cost
($CDN)
Unit Price
($/unit)

Sub-Total
($)

142,000

12/m3

1,704,000

32,000

9/m3

288,000

229,000

12/m3

2,748,000

Overall
Total(a)
($)

2,000,000

3,200,000
Fine grained
-

47,000
-

9/m3

423,000
-

-

0

Overall total rounded to nearest $100,000 and therefore, may not match exactly with unit price multiplications.

5.3.8

Rehabilitation of Recovered Area

Although relocation of tailings will remove the vast majority of tailings, some residual arsenic contamination is likely
to remain following the completion of the work. Residual contamination is expected to be located either on bedrock
outcrop surfaces or within the upper layer of the underlying natural soil. For cost comparison purposes, provisions
for natural soil rehabilitation and runoff water treatment have been included in the cost estimate.

Rehabilitation of Natural Soil
Table 17 presents the comparison of the estimated soil rehabilitation cost. As would be expected, rehabilitation
and treatment costs are roughly proportional to the area of tailings removed, with the rehabilitation cost for Option 2
(South and Central Pond removal) more than twice that of Option 1 (South Pond Removal), and no rehabilitation
cost for Option 3.
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Table 17: Comparison of Soil Rehabilitation following Tailings Removal

Option

Recovered
Area

1

South Pond

2

Central and
South Pond

3

None

Cost
($CDN)
Value (a)

Description

Removal of contaminated soil

Unit
Price
($/unit)

SubTotal
($)

13/m3

3,120,000

4/m3

368,000

540,000(b) m3

13/m3

7,020,000

218,000 m2

4/m3

872,000

240,000(b) m3

Re-contour area

92,000

Removal of contaminated soil
Re-contour area
-

m2

-

-

Overall
Total(a)
($)
3,500,000

7,900,000

-

a)

Overall total rounded to nearest $100,000 and therefore, may not match exactly with unit price multiplications.

b)

Value rounded to nearest 100,000 m3.

0

Additional Water Treatment Cost
It has been assumed that once tailings are removed from a given area, surface runoff from that area will need to
be treated for a limited period of time (assumed to be 10 years in this evaluation). This means that if the tailings
are left in place, there will be no “additional” water treatment cost for runoff, and when tailings are removed, this
additional cost will be proportional to the watershed of the exposed area (due to the water volume that effectively
washes the former tailings area. Table 18 presents the comparison of the additional water treatment costs for the
three options. At a NPV cost of $3.0 million (over an assumed 10 year treatment period) Option 1 is estimated to
be $3.0 million cheaper than Option 2.
The removal of the Central Pond in Option 2 (in addition to the removal of the South Pond) contributes
proportionally less additional catchment area due to the topography that confine the pond to the east and west.
Whereas the topography to the southwest of South Pond contributes the majority of the 192,000 m2 of additional
catchment area with the removal of Dam 11 and the relocation of the South Pond.
Table 18: Comparison of Additional Water Treatment Cost

Option

Additional
Catchment Area
(m2)

Additional Volume
of Water to Treat
(m3/year)

Cost
($CDN)
OPEX
($/year)

Overall Total(a)
($NPV(b))

Option 1

192,000

55,488

83,232

3,000,000

Option 2

376,000

108,664

162,996

6,000,000

Option 3

0

0

0

0

a)

Overall total rounded to nearest $100,000 and therefore, may not match exactly with unit price multiplications.

b)

Discounted at an assumed rate of 2.5% over a period of 10 years.
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Water treatment costs shown in Table 18 have been estimated using the additional catchment area following
relocation, not the total catchment area of the tailings and/or recovered area. Additional catchment areas have
been estimated to reflect areas that currently do not flow into the ponds due to the perimeter dams. Following
tailings relocation and subsequent dam removal, this water could run into the recovered area, dissolve the residual
arsenic, and thus increase treatment volumes above those currently experienced.

5.4

Qualitative Comparison

Differences between the options in terms of cost and footprint area can be quantified, as documented in
Section 5.3 of this report. However, there are a number of factors which may influence the selection of the preferred
option which cannot be readily quantified based on the available information. In Table 19, a summary of these
factors is presented, along with the qualitative differences between the options that have been assessed.
Principal factors that have been addressed in this qualitative comparison are:



social acceptance (based on the results of the SDE process)



tailings dust generation (construction period and post closure)



risk of tailings spills



geotechnical risks (dam failure, ground stability)



subsidence/settlement risks



construction uncertainty



potential impact on water quality post closure



regulatory



monitoring and maintenance needs

While these are laid out by category in Table 19
The principal benefit of removing either the South Pond (Option 1) or the South and Central Ponds (Option 2) is
that the total tailings footprint will be reduced (as quantified previously), resulting in an approach that is aligned
with expressed desires of the community. Either of these options will also remove some dams from long-term
monitoring, but with the creation of new or retrofitted dams that will still need monitoring, along with additional
water management needs.
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The qualitative comparison of Option 1 and Option 2, shows that both options are similar in many respects, with
qualitative distinctions influenced only by the volume of material that will need to be moved. However, the removal
of the Central Pond does generate additional concerns when compared to the removal of the South Pond only, as
follows:



With the removal of the Central Pond, the need to build a tailings retaining dam in the location of the current
Dam 6 introduces numerous uncertainties into the closure, as there will be significant investigation and design
work to support that construction. The construction will present challenges in terms of the uncertain
subsurface conditions, the volume of tailings to be excavated to provide a foundation for the dam, and
construction staging.



The removal of Central Pond tailings is expected to result in surface runoff flowing towards Dam 6,
necessitating additional surface water management works.



The volume of tailings to be relocated with the removal of the Central Pond will necessitate disposal of tailings
in pits. This may be considered an advantage, as it will reduce the volume of fill needed for pit backfilling.
However, it will also require additional works for the stabilization of pit floors, and may introduce additional
uncertainties with respect to subsidence potential within the pits. Further, there is a risk that such disposal
will not be permitted at the pits currently considered, due to their proximity to Baker Creek. Standard setback
distances of fuel/waste from waterbodies are set out in land use permits and are usually 50 to 400 m.



Backfilling the pits with tailings will introduce geotechnical and water quality risks for the underground mine
pool in post closure. Potential that arsenic in tailings could contribute to chemical loadings on the underground
mine pool by either long term seepage or rapid flooding of underground mine.

Option 3 (capping tailings in place) does not meet the desires expressed in the SDE by the majority (but not all) of
the stakeholders to reduce the tailings footprint, or use tailings to fill open pits. However, this option minimizes the
amount of tailings dust that may be generated during closure works, eliminates the risk of tailings spills during
transport, and eliminates many of the construction uncertainties associated with attempting to excavate wet tailings
from the ponds. It will also reduce occupational health and safety issues related to the handling of a hazardous
material (tailings) to a minimum. There is also less need for the investigation and improvement or replacement of
dams from within the impoundment.
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Table 19: Qualitative Comparison of Option Risk

-

-

Potential Risk
Social acceptance

Option 1 – South Pond Relocation

Option 2 – Central and South Pond Relocation



Similar to Option 2, potentially less preferred
due to lesser reduction in footprint.






Excavation, transport and placement of tailings will result in some fugitive dust generation. Mitigation measures can be implemented to minimize risk.





Little to no risk







Dams will continue to need monitoring and inspection in post-closure.


-

Relocation disturbs tailings and may ‘rest the clock’ on consolidation.
Newly placed material.

Likely to have greatest acceptance with some stakeholders, due to smallest footprint and use of
tailings to fill pits

~

Dust Generation (construction)

Dust Generation (post-closure)
Tailings spills

Geotechnical Risk

-

Differential
Settlement/Subsidence
(with impact on cover)

Due to smaller quantity of tailings to be
relocated, slightly lower risk than Option 2.

Due to smaller quantity of tailings to be
relocated, slightly lower risk than Option 2.

Construction Risk

Stability of Dam 4 and 5 uncertain following
removal of downstream buttressing material
(i.e., South Pond tailings).




I





Surface water runoff should all drain towards
Dam 7, where it can be controlled and pumped
to treatment if required.
Would generate less potentially impacted
surface runoff than Option 2.

Regulatory

No additional issues identified.

Maintenance and Monitoring
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No additional risk. Tailings remain in existing
impacted areas.



Dam 11 retaining South Pond remains in
place. In comparison to Options 2 and 3,
higher risk of tailings or contact water
reaching Yellowknife Bay.



Material has undergone consolidation over
decades. Lower risk in comparison to Options
2 and 3.



Standard heavy equipment risks for
excavating, hauling, and placing cover
material.



Need to monitor water quality from spillway.
May need to be diverted to treatment
collection point (such as B3 Pit portal) if it
does not meet criteria.

Potential for construction challenges in the development of Dam 6. Uncertain subsurface conditions,
access difficulties
Additional engineering and design needed for the placement and compacting of tailings in the base
of pits.

Anticipate surface arsenic impacts in cleared areas. Contact water may require treatment prior to discharge for some period of time after closure (assumed
to be 10 years for costing, but real duration unknown).



Limited risk during of excess dust during
construction. Can be controlled by wetting
surface in active areas and limiting traffic.

Possibility of additional risks of subsidence/settlement due to interactions with pit instability.



Surface runoff in former Central Pond will tend to drain towards Dam 6. May require separate
management from South Pond water
Water collected in pits should drain to the underground works for collection and eventual treatment.
This option would generate the largest amount of potentially impacted surface runoff.
Increases risk of increased chemical loadings on underground mine pool.

It may not be permissible from a regulatory standpoint to deposit tailings next to a waterbody (Baker
Creek). Standard setback distances of fuel/waste from waterbodies are set out in land use permits and
are usually 50 to 400m. Filling of pits near Baker Creek may not meet these potential setback distances.

May not be readily accepted, as no change in
tailings footprint



Significant risk associated with Dam 6, which was not design as a retaining structure. Poses a
significant technical challenge in order to provide sufficient stability in post-closure.
Uncertainty of stability of underground works to sustain tailings load (outside scope of current study).

Standard heavy equipment risks for excavating, hauling, and placing cover material.
Additional construction complexity and uncertainty associate with the excavation of wet tailings below the water table in the ponds.
Potential for an unknown amount of non-tailings material buried in the ponds interfering with excavation and generating delays/additional management
issues. (Not detected during investigations to date, but have been indicated anecdotally)





-

Due to larger quantity of tailings to be relocated, slightly higher risk than Option 1.

Potential risk of exposed tailings slopes in pond area during excavation. Manageable construction risk.
Extent of clay core and filter zone of Dam 2 is uncertain. Recommissioning of the Dam increases its geotechnical risk profile from that of Option 1.
Removal of Dam 11 and South Pond reduces risk of tailings and or contact water reaching Yellowknife Bay.

No additional risk items specific to Option 1

Water Quality Risk
(post-closure)

I





Due to larger quantity of tailings to be relocated, slightly higher risk than Option 1.

Relocation to increase risk of spills along transport route. Introduction of tailings into areas not previously impacted by tailings

No additional risk items specific to Option 1







Option 3 – Cover Tailings in place

-

No additional issues identified.
-

Need to monitor water quality from spillway.
Monitoring tailings cover performance.
Monitoring of Dam 2.
Monitoring of and maintenance Dam 2, to a more stringent standard than in Option 1 due to the placement of wet tailings within North Pond.
Monitoring of surface water runoff quality within recovered tailings area.
Monitoring of Dams 4 and 5.




I

Monitoring and maintenance of Dam 6.
Monitoring of stability/settlement of deposit surface in pits.

50
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5.5

Overall Comparison of Options

The highest cost option of all those evaluated is Option 2, with the relocation of tailings from both the South and
Central Ponds. This option also provides the greatest overall reduction of tailings footprint. This option presents
technical challenges and uncertainties, particularly with respect to the need for the construction of a new Dam 6,
and management of surface runoff within the area that would have been occupied by the Central Pond, and would
drain towards Dam 6 in closure after tailings removal. All of the technical and regulatory challenges associated
with depositing tailings in pits also need to be addressed in this option.
Option 1, relocation of only the South Pond results in a lesser reduction in the tailings footprint, but at a significantly
lower cost (roughly half) than Option 2. This option also eliminates key technical challenges and risks, such as the
need for a new Dam 6, and the issues associate with disposal of tailings in a pit. Water management in the
Central Pond area would also be greatly simplified.
Option 3, where the tailings are left in place, will not result in any reduction of tailings footprint, and will
not eliminate any current dams. However, it is the lowest cost option by a significant margin
(roughly half Option 1, nearly four times less than Option 2). It also avoids all health and safety issues associate
with the transport of tailings. From a construction point of view, it is the option with the least uncertainty, in that
there is no need to excavate soft tailings from below the water table, no exposure of internal dams that would need
to be retrofitted, and no risk of construction complications due to the exposure of unforeseen materials.
(The construction of a cover on soft tailings is not a trivial undertaking, and all options may face challenges for this
activity).
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6.0

LINKAGES TO OTHER WORK PACKAGES

The scope of work covered in this report included characterization of the tailings in the North, Central, and South
Ponds, evaluation of options for transporting tailings, and a high level assessment of two options for tailings
relocation , which were also compared against an option where the tailings are not relocated, but are covered in
place.
The current study has numerous linkages to other on-going work for the Giant Mine Remediation Project, including
the following:



A parallel study evaluating alternatives for the tailings cover design. This study includes a trade-off evaluation
of alternative cover profiles. The cover profile considered in this report was based on one of the options under
consideration in that study (Golder 2017f).



Baker Creek Alignment—On-going work is evaluating alternatives for the final configuration of Baker Creek.
In this task it is currently assumed that the A1 and C1 Pits will be filled.



Open Pit Gap Analysis—At the time of this report preparation, work was on-going under a separate scope of
work to address the logistics and issues associated with backfilling the pits (Golder 2017a). While the results
of that report have been incorporated into this study, the tailings relocation and pit backfilling studies have
not been jointly optimized.



Water Quality/Hydrogeology—Tailings are a source of arsenic. The scope of the present report has not
included any evaluation of what impact (if any) the disposal of tailings in the selected pits. This linkage should
be considered in future evaluations.



Contaminated Soils—Ongoing work to evaluate if additional areas at the site require rehabilitation. The
outcome of this study could significantly increase the quantity of materials in need of a disposal location at
the site. It is plausible that contaminated soils and relocated tailings could be competing for the storage space
available in the North Pond.



Material Balance—an integration study to summarize the demand and supply of materials to be used for the
Giant Mine Remediation Project (Golder 2017g). The outcome of this study are anticipated to significantly
influence the material balance, both in terms of supply (e.g., tailings relocation) as well as demand
(e.g., tailings cover).
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7.0

CONCLUSION AND FUTURE STUDIES

The work presented in this report provides an advance in the current understanding of the tailings quantities and
characteristics in the South, Central, and North Ponds, and a high level evaluation of alternatives for the transport
of tailings as part of the evaluation of remedial options.
The understanding of the tailings volumes and geotechnical characteristics has been advanced through the field
investigation, with the results summarized in Section 2.0 of this report, and full results presented in Appendices A
through D. Similarly, chemical characterization of the tailings and underlying natural soils has advanced our
understanding of these materials, as summarized in Section 2.0 and presented in detail in Appendix D.
Based on the work presented here, relocation of the South Pond (Option 1) is the preferable of the tailings
relocation options considered. The relocation of both the South and Central Pond (Option 2) introduces numerous
technical difficulties and risks with limited or possibly marginal benefit – a high cost for a limited additional reduction
in total footprint.
The option with no relocation of tailings will not meet the expressed desires to reduce tailings footprint. This option
is however the most economical approach, and presents the fewest risks and unknowns.
If tailings are to be transported, conventional excavation approaches are preferred over slurry and pumping
approaches, primarily for reduced water management, and more rapid and reliable achievement of the desired
end point in the pits.
Complete removal of the South, Central and North Ponds is not feasible within current project constraints, as there
is not sufficient capacity in the combined pits and Northwest TCA for the full volume of tailings.
The following additional studies may be conducted in the future to further the confidence in the results of this initial
investigation of tailings relocation options.



Trade-offs and risk assessments

 To better understand the trade-off between the benefits and risk of tailings relocation, a more detailed
assessment of risk could be carried out. Potential methods include Failure Modes Effects Analysis
(FMEA) and Multiple Accounts Analysis (MAA). This could conceivably be carried out in the context of
project-wide optimizations, considering in parallel relevant inputs from other studies such as the
contaminated soils work, pit studies, and mass balance work.



Dam Stability

 Improved characterization of Dam 2 stability will be needed to advance the design of any of the options
 In the case that only the South Pond tailings are to be relocated, the stability of Dam 4 and 5 should be
assessed to ensure that they are capable of retaining Central Pond tailings without the consolidated
tailings in the South Pond acting as a buttress in post-closure. If the dams will not meet minimum
CDA guidelines, additional design work will be needed to accurately characterize their rehabilitation.

 If the South and Central Ponds are to be removed, design of a retaining structure to replace the current
Dam 6 will be needed. This dam would be needed to retain the tailings in the North Pond.
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Slurry Transport

 The evaluation presented in this report suggests that conventional truck transport of tailings will be
preferable to slurry transport for a number of reasons. However, the evaluation has been carried out at a
conceptual level, and there are additional variations on slurry transport that could be considered,
particularly related to coupling the slurry generation process with one of several possible tailings
dewatering technologies.

 If tailings transport as a slurry is to be considered further, tailings dewatering costs
(e.g., tailings thickening) should be evaluated. There may be operational and water recover benefits to
incorporating a thickening stage before deposition of tailings in pits, although with increases in capital
and operating costs.



Tailings removal and placement planning

 If tailings are to be relocated to within existing tailings facilities, placement plans will need to be
developed. All tailings are to be covered and therefore, if relocated tailings are not placed appropriately
it may hinder subsequent placement of cover materials.



Costs

 All costs presented are high-level order of magnitude estimates for direct costs, to facilitate the evaluation
and comparison of alternatives and their relative value. More detailed estimates that would be more
representative of anticipated construction costs can be prepared for any or all of the options.

 To improve confidence in cost estimates, future work should more accurately define requirements for
target compaction of relocated tailings, control of tailings during haulage, and if any ground stabilization
is required during tailings excavation to minimize risk of instability.



Quantity Estimates

 As indicated in the report, the quantity estimate for the South Pond is considered the most accurate, with
the North Pond the least accurate. The accuracy of the quantity estimate in the North Pond could be
improved by using frozen winter conditions to facilitate additional fill-in drilling characterization in the pond
area. However, this is not recommended at this time as more accurate characterization of the North Pond
Volume is not expected to materially impact the definition of future closure measures. If future changes
in the closure approach warrant, fill-in drilling could be conducted at that time.

 The quantity estimate is primarily based on stratigraphic interpretations of historic topography maps,
borehole data, and geophysical data within the ponds. At the perimeter of the ponds, particularly where
dams retain tailings, there is greater uncertainty in the extent of the dams as no as-built information exists.
As such, increased confidence in the quantity estimate could be obtained by either more detailed
consideration of the typical design sections or by further investigation.
It has been assumed that this report will form the basis for a decision on which of the tailings disposal options will
be pursued. Once the desired option is defined, studies will be needed to support advancing design concepts, with
the specific studies selected as a function of the option chosen. If tailings are to be relocated to the pits, the tailings
relocation work should be coordinated fully with the pit rehabilitation work.
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8.0

CLOSURE

The reader is referred to the Study Limitations, which follows the text and forms an integral part of this report.
We trust that this report meets your needs. If you have any questions or concerns, please do not hesitate to contact
the undersigned
GOLDER ASSOCIATES LTD.

ORIGINAL SIGNED

ORIGINAL SIGNED

Chad Mundie, P.Eng. (NT/NU, BC)
Geotechnical Engineer

Bjorn Weeks, Ph.D., P.Eng. (NT/NU, BC, MB)
Principal, Senior Geo-Environmental Engineer
)

CM/BW/cmm

r

Golder, Golder Associates and the GA globe design are trademarks of Golder Associates Corporation.
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STUDY LIMITATIONS
Golder Associates Ltd. (Golder) has prepared this document in a manner consistent with that level of care and
skill ordinarily exercised by members of the engineering and science professions currently practising under similar
conditions in the jurisdiction in which the services are provided, subject to the time limits and physical constraints
applicable to this document. No warranty, express or implied, is made.
This document, including all text, data, tables, plans, figures, drawings and other documents contained herein,
has been prepared by Golder for the sole benefit of Public Services and Procurement Canada (PSPC). It
represents Golder’s professional judgement based on the knowledge and information available at the time of
completion. Golder is not responsible for any unauthorized use or modification of this document. All third parties
relying on this document do so at their own risk.
The factual data, interpretations, suggestions, recommendations and opinions expressed in this document pertain
to the specific project, site conditions, design objective, development and purpose described to Golder by PSPC,
and are not applicable to any other project or site location. In order to properly understand the factual data,
interpretations, suggestions, recommendations and opinions expressed in this document, reference must be made
to the entire document.
This document, including all text, data, tables, plans, figures, drawings and other documents contained herein, as
well as all electronic media prepared by Golder are considered its professional work product and shall remain the
copyright property of Golder. PSPC may make copies of the document in such quantities as are reasonably
necessary for those parties conducting business specifically related to the subject of this document or in support
of or in response to regulatory inquiries and proceedings. Electronic media is susceptible to unauthorized
modification, deterioration and incompatibility and therefore no party can rely solely on the electronic media
versions of this document.
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