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PLAIN LANGUAGE SUMMARY
De Beers Canada Inc. (De Beers) is planning to build the Gahcho Kué Diamond
Mine (Mine) in the Northwest Territories (NWT). The mine will develop three
open pits during its operation. Activities during the construction and operation of
the proposed Mine will require management of water quantity and quality to
prevent negative environmental effects and to meet the requirements of the
Water Licence.

AF

T

The water management system is based on the capacity to manage water
effectively within a controlled area boundary, which will reduce the requirement to
actively treat water and reduce the need to discharge water from the controlled
are for a large proportion of operations. This will minimize the impact of the Mine
on the lakes and streams adjacent to, and downstream of, the operation. The
water management system will comprise facilities and practises that are
designed to manage water quantity and quality effectively. The system design is
founded on water management objectives, strategies, and standards based on
sustainable environment and engineering principles. Contingencies for
unexpected events and emergencies are built into the system and are described
in this Plan.
The water management system can be divided into two parts:

Site Water Systems, including facilities related to process water, potable
water, sewage treatment, and runoff management; and



Mine Water Systems, including facilities related to mining and treatment
of surface runoff that could be affected by mining activities.
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The Plan discusses the Mine’s water management objectives, standards; and
includes the strategies, monitoring and contingency measures required to
achieve the Mine’s water management objectives.
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INTRODUCTION

T

De Beers Canada Inc. (De Beers) will operate an open pit mine and undertake
milling and associated activities at the Gahcho Kué Diamond Mine (Mine),
located in the Northwest Territories (NWT) centered at 63°25’48” N,
109°12’00” W. The Mine is approximately 280 kilometres (km) northeast of
Yellowknife, and approximately 80 km southeast of the Snap Lake Mine
(Figure 1). The three phases of the life of mine include construction (2 years),
operations (11 years) and closure (12+ years). Activities at the Mine will include:
extraction of mine rock and ore from three locations (5034 Pit, Hearne
Pit, and Tuzo Pit);



construction of berms and dykes for water management and
dewatering/drawdown of areas within Kennady Lake;

AF



development, operation, and closure of site facilities and infrastructure
(including the airstrip and pipelines);



use of water for construction and operation activities, including
processing and domestic needs;



disposal of waste and treated effluent;



storage of fuel and explosives;



construction and operation of a winter access road;



exploration activities; and



site closure, including progressive reclamation.
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Further details on Mine activities are provided in the Updated Project Description
(De Beers 2013a).
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This document provides a conceptual Water Management Plan (the Plan) to
support the Type A Water Licence (Water Licence) and Land Use Permit
applications. The document includes the following:
a discussion of objectives, strategy, roles and responsibilities associated
with the water management plan through construction, operations, and
closure;



a description of water management for mine water, including inflow,
outflow, internal water management within the controlled site area, and
the water balance for the water management system and Area 8 during
construction, operation and closure;



a description of water management plan for site water, including raw
water, potable water, and sewage water; and



a description of water quality monitoring program and contingencies
associated with water management at the Mine site.
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The basis of this Plan is for the Mine to consistently meet the water quality
objectives as committed to by De Beers during the Environmental Impact Review
(EIR) Process (e.g., De Beers 2012a), and reiterated in the Mackenzie Valley
Environmental Review Board (MVEIRB) Panel Decision Report (MVEIRB 2013);
that is, “to not allow changes to water quality that could adversely affect the
drinkability of the water, the fish communities (Lake Trout, Northern Pike, Arctic
Grayling), or the ability to eat the fish in Lake N11 and Area 8 during operations,
closure and post-closure and in Kennady Lake in post-closure”.
De Beers also commits to continue to develop contingency plans for the
operational and closure stages of the Mine, such that they can be implemented
as needed. Within this document, contingency plans associated with water
management are presented.

D

This Plan will be reviewed and updated as required during the mine operation to
reflect all implemented and projected changes to the Plan, to correspond with
new information and latest technology.
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OVERVIEW

T

The diamond-bearing kimberlite deposits are vertical pipes generally located
beneath Kennady Lake and contain an indicated resource of about 33 million
tonnes (Mt) of kimberlite rock in three economic ore bodies, named 5034,
Hearne, and Tuzo. The ore extends from near the bottom of Kennady Lake
down to more than 300 metres (m) below the lake. It will be extracted by
open-pit mining methods, requiring the alteration of Kennady Lake by dewatering
in order to safely access and mine the ore bodies.
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The disturbed areas of the Mine site will be isolated from the remainder of the
Kennady Lake watershed by a series of dykes so that flows unaffected by the
Mine will be diverted away from the area that will be disturbed during the
operation of the Mine. The diversion of the upper watershed and the isolation of
a large portion of Kennady Lake, where the Mine activities will be limited to,
forms the controlled area. Diverting water away from the controlled area will
cause changes to the Kennady Lake watershed including the raising of
Lakes D2, D3, E1, A1, and A2, and a reduction in flow to waterbodies
downstream of Kennady Lake (Figure 2).

R

Areas 1 through 7 are sub-watersheds located within the controlled area
boundary (Figure 2). The Area 1 sub-watershed includes Lakes A1, A2, A3, and
A9. Areas 2, 4, 6, and 7 are individual sub-basins of Kennady Lake, while
Areas 3 and 5 comprise one large sub-basin. Water within the controlled area
will be isolated from the remainder of the Kennady Lake watershed and
managed. The only outflow from the controlled area will be licensed discharges,
such as the dewatering discharges and operational discharges that will be
monitored. All disturbance activities for the Mine, with minor exceptions, are
contained within the controlled area. The exceptions consist of:

D



part of the airstrip located in the Area 8 sub-watershed;



winter access road;



water pipeline to Lake N11 in the N watershed;



water pipeline from Lake A1 to Lake J1b in the J watershed; and



two minor site roads that extend into the I Watershed.
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MINE SCHEDULE AND ACTIVITIES

T

Once De Beers obtains the permits, licences, and authorizations, construction
will take two years (Year -2 to Year -1). The construction period will include
installation of the Mine infrastructure and the dewatering of part of Kennady Lake
before mining can begin. After the water above the ore bodies has been
dewatered to an acceptable level, pre-stripping of the first open pit and initial
production mining will begin. The first year of full scale operations (Year 1) will
commence after commissioning is completed in the last quarter of construction
(Year -1). De Beers has applied for a pioneer land use permit in October 2013 to
undertake limited land-based activities necessary to receive material and
supplies on the 2014 winter road to prepare the Project for mine construction.

R
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The construction period will be followed by an eleven-year operational period
(Year 1 to 11) during which the kimberlite ore will be mined and processed.
Mining is expected to end in Year 11. However, as per typical mining practices,
additional economic resource may be identified from at-depth kimberlite, as the
resource becomes better defined during the operations phase. All of the
deposits remain open at depth. Should economics remain favourable, these
resources would constitute additional years of the life of mine. Deeper, larger
open pits are possible and could be followed by underground operations
consistent with other diamond mines in the area. Additional drilling continues to
define potential additional resources, particularly within the Tuzo deposit, which
remains open at depth and below the depth of the defined resources.
Subsequent drilling throughout the operations will confirm resources.

D

Where possible, the Mine plan calls for progressive decommissioning and
reclamation of Mine components (e.g., contouring mine rock and processed
kimberlite [PK] storage areas) as the mining process advances. Interim or active
closure will occur within two years after the completion of mining (i.e., by the end
of Year 13, assuming mining is completed by Year 11) and will include removal
of most of the site infrastructure and disposal of materials, either on-site or
off-site as appropriate. Details of the closure and reclamation activities of the
Mine are provided in the Conceptual Closure and Reclamation Plan (De Beers
2013b).
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Lake refilling and reclamation monitoring will start following operations and
continue onward until the Kennady Lake is refilled to its original lake level
(i.e., 420.7 metres above sea level [masl]). Flooding the pits and returning
Kennady Lake to its original lake level by restoring the natural drainage is
expected to take approximately twenty years after the end of operations.
However, with supplemental pumping of water from Lake N11, refilling could take
approximately 12+ years. The timing of both scenarios is contingent on
hydrologic conditions.
All remaining site infrastructure (e.g., airstrip and
reclamation camp) will be removed after the water level in the planned
reclamation areas of Kennady Lake has been restored. Monitoring of the Mine
site will continue after lake refilling until it is shown that the Mine site and
Kennady Lake achieves closure objectives.
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2

OBJECTIVES, STRATEGY, ROLES, AND
RESPONSIBILITIES

2.1

OBJECTIVES



minimize the impact of the Mine on the quality and quantity of surface
water to the surrounding environment during construction and
operations; and



restore the natural flow regime and pre-disturbance conditions of
Kennady Lake to the extent practical during closure and allow the
restored Kennady Lake to return to productive fish habitat as quickly as
possible.

STRATEGIES

R

2.2
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The objective of water management is to minimize the impact of the Mine on the
aquatic ecosystem within the Local Study Area (Kirk Lake watershed), including
Kennady Lake, so as to not allow changes to water quality that could adversely
affect the drinkability of the water, the fish communities (Lake Trout, Northern
Pike, Arctic Grayling), or the ability to eat the fish in Lake N11 and Area 8 during
operations, closure and post-closure, and in Kennady Lake in post-closure (once
the lake is reconnected to downstream waters). Based on these key goals, the
plan is to:

The strategies to implement the goals are as follows:
dewatering of Kennady Lake to the maximum extent possible to safely
access and mine the ore bodies while maintaining a balance with the
downstream flow and water quality regimes;



collect, transport, and treat runoff water, contact water, and camp
domestic sewage;



manage potentially acid-generating materials;



monitor quality and quantity of discharges;



utilize passive treatment in the controlled area and only discharge water
when the water quality meets discharge requirements;



adjust water management or treatment practices if monitoring results
indicate that discharge quality does not meet discharge criteria;
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utilize available containment volumes within the controlled area for
water management as required (e.g., the mined-out pits for water
storage);



minimize environmental impacts to adjacent and downstream waters
during construction, operations, and closure phases of the Mine through
adherence to water quality discharge criteria as specified in the Water
Licence; and



re-establish a flow regime and self-sustaining ecosystem in the refilled
Kennady Lake after closure.

T
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ROLES AND RESPONSIBILITIES

Table 1

AF

Roles and responsibilities for water management activities during the operational
and closure phase program are described in Table 1.

Roles and Responsibilities for Water Management Activities

Position and Name
Mine General Manager

Roles and Responsibilities

 Provide adequate resources to support the needs of the team

 Meet corporate health, safety, and environmental standards during all
activities of the mine
 Responsible for physical monitoring programs (including dyke
Safety, Health, and Environmental Managers
surveillance, safety inspections and reviews) and environmental
monitoring programs
 Provide overall direction on the remediation of environmental issues
 Provide follow-up with regulatory / licensing reporting requirements.
 Develop and/or recommend the sampling program to identify and
monitor possible contaminant levels
 Interpret data relative to the monitoring programs and implement
adaptive management practices
 Suggest potential sample collection points and analytical requirements
 Monitor water movement with the operational system of sumps or
water management pond (WMP) to ensure short and long term
adherence to the Water Licence
 Responsible for maintenance of adequate water levels, in coordination
with the Safety, Health, and Environmental Manager and Maintenance
Manager

R

Permitting/Environmental Superintendent

D

Environmental Coordinator

Environmental Technician

 Support the Environmental Coordinator
 Collect samples, coordinate the sampling and monitoring program for
the collection and analysis of samples to identify and monitor possible
contaminant levels

Maintenance Superintendent

 Identify and provide adequate maintenance plans and processes
 Responsible for all required repairs/replacements of mine
infrastructure, including mechanical/electrical services and repairs
 Responsible for inspection and maintenance of pumps, pipelines, and
instrumentation
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RELATED DOCUMENTS
Documents within the Application package of this Type A Water Licence and
Land Use Permit, which support this Water Management Plan include the:
Effluent Quality Criteria Report (Appendix A);



Updated Project Description (De Beers 2013a);



Conceptual Closure and Reclamation Plan (De Beers 2013b);



Erosion and Sediment Management Plan (De Beers 2013c);



Groundwater Monitoring Program (De Beers 2013d);



Emergency Response Plan (De Beers 2013e);



Spill Contingency Plan (De Beers 2013f);



Non-hazardous Solid Waste Management Plan (De Beers 2013g);



Hazardous Materials and Waste Management Plan (De Beers 2013h);



Processed Kimberlite and Mine Rock Management Plan
2013i);



Conceptual Aquatic Effects Monitoring Program Design Plan (De Beers
2013j);



Adaptive Management Plan (De Beers 2013k);



Explosive Management Plan (De Beers 2013l); and



Waste Management Framework (De Beers 2013m).
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Water management plays a key role in minimizing the impact of the Mine on the
surrounding environment. A water management plan was developed for the
Project and presented in Section 3 of the 2012 Environmental Impact Statement
(EIS) Supplement (De Beers 2012b). Updates to the plan are provided in the
Updated Project Description (De Beers 2013a), which supports the Water
Licence application. This Plan, described herein, includes small modifications
made to the water management plan after the EIS review process to address
comments and queries brought forth in the EIR process. The major changes to
the water management plan are summarized in Table 2; these modifications are
based on enhancing water quality in the WMP through active water transfers
within the controlled area (e.g., utilising mined-out pits as they become available
in lieu of transferring to the WMP) during mine operations and closure, and also
provides downstream flow mitigation to the streams downstream of Area 8 during
mine operation and closure.
The Plan addresses two water systems on site:


The mine water system includes facilities related to mining operation
and closure (which includes the refilling of Kennady Lake) and. Specific
components of the system include:
dewatering of Kennady Lake;



the WMP;



open pit seepage water management;



runoff water collection system;



downstream flow mitigation; and
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water management during closure.

Site water management system includes facilities or activities related to
water supply, process water use, domestic water use and sewage
treatment. Specific components of the system consist of:



raw water intake;



potable water;



domestic water supply to camp; and



sewage collection and treatment.
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Major Updates to the Water Management Plan between 2012 EIS
Supplemental and 2013 Updated Project Description

Items

2012 EIS Supplemental

2013 Updated Project Description

Operational discharge to Lake N11 during
operation

Areas 3 and 5
(WMP)

Water will be pumped to mined-out 5034 Pit to
fully dewater Area 4 in Year 5
Refilling of Area 7 starting in Year 7

Area 4
Areas 6 and 7

Area 8

Fine PK discharged to the mined-out 5034 Pit
after Year 7
Excess water from the mined-out 5034 Pit will
be pumped to WMP
No mine rock disposal

AF

Mined-out 5034 Pit

Operational discharge to Lake N11 (or to Area 8
to supplement downstream flow mitigation if the
water quality in the WMP meets the discharge
water quality criteria).
Water will be pumped to WMP to fully dewater
Area 4 in Year -3
Refilling of Area 7 starting in Year 3 at the
earliest
Water from Area 1 diverted to Area 8 via
pipeline to Lake J1b
Supplemental pumping from Lake N11 every
three out of four years for flow mitigation (should
water quality in the WMP meet discharge
criteria, pumping from the WMP may
supplement downstream flow mitigation).
During mining inflows will be transferred to the
WMP, but after mining water excess water will
accumulate in the pit

T

Water from Area 1 diverted to Area 8 via
pipeline to Lake J1b

Mined-out Hearne
Pit

Mined-out Tuzo Pit

Open pit provides capacity for disposal of water
in WMP and Area 6

The pit water from active 5034 Pit will be
pumped to the mined-out Hearne Pit
Mine rock will be placed into the mined-out pit
Larger volume capacity provides for
supplemental disposal of water from WMP and
Area 6

MINE WATER MANAGEMENT
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Introduction

The key water related activities for the Mine will be the dewatering of Areas 2 to 7
of Kennady Lake before operation, managing water in the WMP during operation,
and the subsequent refilling of Kennady Lake during Mine closure. A key feature
of the Plan is to use the headwater location and natural topography of the
Kennady Lake watershed to isolate water that may come in contact with the
disturbed area of the Mine site (forming the controlled area). This is achieved by
diverting inflows from the upper watersheds during construction, operations, and
closure phases of the Mine to lakes in the adjacent N watershed and dyking
outflows from Kennady Lake. In this way, all of the water generated within the
Mine area can be managed through a passive approach within the controlled
area, with licensed discharges being the only water transferred out of the
controlled area. The following section provides a summary of the Plan that has
been developed for the Mine.

D

3.2.1
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A total of eight sub-watershed areas (Areas 1 to 8) have been designated in the
Mine area (Figure 2). Area 1 is located northeast of Kennady Lake and includes
Lakes A1, A2, A3, and A9, while Areas 2 to 8 are within Kennady Lake. Areas 1
to 7 will form the controlled area for water management purposes. Area 8 is a
sub-watershed of Kennady Lake, but it is outside the controlled area boundary.
Construction of perimeter and internal water retention dykes is expected to begin
during the construction phase and continue through the operations phase, as
required.

Construction phase – Years -2 to -1 – Areas 2 to 7 of Kennady Lake are
dewatered to provide safe access to ore bodies for open pit operation,
to increase available basin capacity, and to facilitate dyke construction;
water is discharged to Lake N11 and Area 8.

AF
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The Mine Water Management Plan is discussed in terms of the following time
periods:

Operational phase – Years 1 to 11 – water is managed within the WMP
(Areas 3 and 5) and the mined-out pits; water that meets discharge
requirements will be discharged from the WMP to Lake N11 (or to Area
8 to supplement downstream flow mitigation). Excess catchment water
from Area 1 (Lake A1) will be discharged to Area 8 via Lake J1b.



Closure phase – Years 12 to 23+ – The drained Kennady Lake basin
including the mined-out Tuzo Pit will be refilled with natural drainage
and supplemented with water pumped from Lake N11 to expedite the
lake recovery. Downstream flow mitigation to Area 8 will continue
through closure.

R





Water Management During Construction

D

3.2.2

Post-closure – Years 24+ onwards – Kennady Lake is reconnected to
Area 8 when water quality meets discharge requirements.

3.2.2.1

General

More than half the footprint of the proposed 5034 Pit is covered by the lake in
Area 6. Therefore, dewatering of the lake water is required for safe access and
the mining of this pit. The objective of the dewatering program will be to drain
Areas 2 to 7 of Kennady Lake to the maximum extent possible. After this initial
dewatering, Areas 6 and 7 will be isolated and drained completely into Area 5.
Fish-out activities will be conducted to remove fish from Areas 2 to 7 before and
during dewatering.

De Beers Canada Inc.

Gahcho Kué Mine
Water Management Plan

3.2.2.2

- 14 -

November 2013
DRAFT Version 1

Key Mine Activities during Construction
To safely access and mine the ore bodies, Areas 2 to 7 of Kennady Lake will be
dewatered to the maximum extent possible. The detailed dewatering plan is
summarized as follows:


Stage 1: Early Year -2 (Figure 3)
construct Dyke A to isolate Area 8 from Areas 2 to 7 of Kennady
Lake;



install pump and pipeline at Area 7, and discharge water from Area 7
to Area 8;



install pump and pipeline from Area 3 to Lake N11, and discharge
water from Area 3 to Lake N11; and



no requirement for cofferdams across the narrows between Area 6
and Area 5 and between Area 6 and Area 4, so the water in Areas 6
to 7 can freely flow into Area 5 (and vice versa).
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Stage 2: Mid June of Year -2 to September of Year -2 (Figure 4)
continue discharging water from Area 3 to Lake N11 until September
of Year -2;



construct cofferdams (for Dykes H, I, and J) from mid-June of
Year -2 across the narrows between Area 6 and Area 5 and between
Area 6 and Area 4, such that the Areas 6 and 7 will be isolated from
north basin of Kennady Lake;



move pumping equipment and associated pipeline from east of Area
7 to the narrow between the southeast of Area 5 and the north of
Area 6; and



after moving the pumping system to Area 6, pump water from Area 6
to Areas 3 and 5 through an in-line treatment system, until Area 6
and 7 are fully drained.

D

R
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Construction phase will start in parallel with initial dewatering and continue after
the initial lake dewatering. The key activities for the construction phase are
summarized as follows:
construct mine site infrastructure;



construct Dykes F and G to divert surface runoff from Watersheds D
and E;



construct Dyke E to divert surface runoff from Watershed B;



construct Phase 1 Dyke L, Dyke D, and Dyke A1 to form the area for the
Fine Processed Kimberlite Containment (PKC) Facility;



pump pit water from 5034 Pit through an in-line treatment system to
Area 5;



pump runoff water collected in various collection ponds in Areas 6 and 7
through an in-line treatment system to Area 5;



discharge treated STP effluent from sewage treatment plant into Area 3;



pump the excess runoff water from the watershed A to Area 8 through
Lake J1b;



discharge water from Area 3 to Lake N11 as necessary during June to
August to lower the water elevation in Areas 3 to 5 to a minimum of
about 418.7 masl; and



if water quality in the WMP is acceptable, discharge may be directed to
Area 8 during this time frame to supplement downstream flow mitigation.

R

AF

T



D

Under the mine plan, pumping will be timed to occur during open water
conditions; more specifically, pumping will be timed to begin as the peak flows in
the spring begin to recede. As a result, there will not be a drastic change in flow
condition during pumping start-up (i.e., ramping up from a low base flow to a
peak flow will not occur). Pumped discharge rates to Area 8 and Lake N11 will
be limited so as not to exceed 2-year flood conditions at each of the lake outlets.
Depending on operational requirements, pumping may be extended into winter;
under this contingency, pumping will be limited and managed so as to avoid ice
build-up at the lake outlet (i.e., aufeis production at the lake outlets). The
generation of excessive aufeis could result in erosion above the bankfull stages
of the outlet channels and beyond, especially during spring freshet. In the event
that winter pumping is required, lake outlets in the receiving waterbody and in
waterbodies for some distance downstream (but upstream of Lake 410), will be
regularly monitored for water level, ice depth, and progressive development of
aufeis during pumping. Pumping will be suspended if there is considered to be a
risk of erosion in the following spring.
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Dykes for Water Management During Construction

T

Before dewatering can take place, Dyke A will be required to isolate Area 8 from
Kennady Lake, as shown in Figure 3. Dyke A will be constructed in two stages.
Initially, a temporary crossing structure will be placed in the narrows between
Areas 7 and 8 to provide access to the airstrip. The temporary dyke or causeway
will become part of the second stage Dyke A that will persist during operations
and closure (the lake refilling period), forming part of the dyke’s shell. The initial
dewatering will commence following completion of Dyke A.

AF

As the water level in Areas 2 to 7 decreases, the sills separating the northwest
portions of the lake (Areas 2 to 5) from the areas above the 5034 and Hearne ore
bodies (Areas 6 and 7) will be exposed. Internal water retention dykes (Dykes H,
I, and J) as shown in Figure 4 will be constructed isolating the northern portion of
the lake (Area 2 to 5) from the southern portion of the lake (Areas 6 and 7),
effectively splitting the partially dewatered lake into two major sections and
allowing the complete drainage of the remaining water from Areas 6 and 7 into
the northern part of the basin.

R

Water will be diverted from a series of small upper watersheds of Kennady Lake
to limit the water inflow into the Mine area. Area 1, the A watershed, includes
Lakes A1, A2, A3, and A9, which naturally drain into the northeast corner of
Kennady Lake. Dyke A1 and three low till berms between Area 1 and Area 2 will
be constructed in Year -1 to isolate Area 1 from Kennady Lake. The excess
surface runoff water will be pumped to Area 8 through Lake J1b.

D

Watersheds B, D and E on the west side of Kennady Lake will be isolated or
diverted, so that the runoff from these watersheds is directed away from Kennady
Lake. Surface water diversion dykes (Dykes F and G) will be constructed in
Year -2 to divert surface runoff from Watersheds D and E into the N lakes via
Lake N14 during mine operation as shown in Figure 5. Surface water diversion
Dyke E will be constructed before the spring freshet in Year -1 to divert flow from
Lake B1 to Lake N13 as shown in Figure 5. To prevent fish in upstream dyked
watersheds from being isolated, access for migration to the N lakes will be
provided along natural or modified channels to allow fish movement into other
lakes.
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Water Balance During Construction

3.2.2.4.1 Water Storage Capacity and Catchment Area
Table 3 summarizes the stage-storage curves for Area 1 and Areas 2 to 7 in the
original Kennady Lake prior to mine development.
Table 3

Stage Storage Curves for Areas 1 to 7 before Mine Development
Area 1
3
[Mm ]

Area 2
3
[Mm ]

Areas 3 and 5
3
[Mm ]

Area 4
3
[Mm ]

Area 6
3
[Mm ]

Area 7
3
[Mm ]

409
411
412
413
414
415
416
417
418
419
420
421
422
423

0.00
0.00
0.00
0.00
0.00
0.01
0.08
0.14
0.31
0.47
0.74
1.02
1.42
1.83

0.00
0.00
0.00
0.00
0.008
0.09
0.27
0.57
0.96
1.42
1.95
2.55
3.22
3.96

0.16
0.75
1.47
2.18
3.36
4.55
6.30
7.93
10.05
12.10
14.53
16.89
19.67
22.37

0.09
0.29
0.47
0.65
0.95
1.24
1.66
2.08
2.63
3.17
3.86
4.55
5.44
6.33

0.09
0.30
0.49
0.69
1.16
1.63
2.53
3.42
4.66
5.89
7.51
9.13
11.15
13.18

0.00
0.00
0.02
0.05
0.14
0.24
0.49
0.74
1.37
1.99
2.84
3.69
4.81
5.93

AF

T

Lake Elevation
[m]

3

m = metre; Mm = million cubic metres.

D

R

The total catchment area for each of Areas 1 to 8 during the initial lake
dewatering is summarized in Table 4. Dykes F and G will be constructed before
the spring freshet in Year -2, therefore, the surface runoff water from Watersheds
D and E will be diverted away from the Kennady Lake. Dyke A1 and E will be
constructed before the spring freshet in Year -1, Therefore, the surface runoff
water from Watersheds A and B will flow to Kennady Lake during initial
dewatering phase.
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Catchment Areas for Various Areas During Initial Dewatering
Total Catchment Area Including
Lake Surface
2
[km ]

Lake Surface Area at Original
Lake Elevation
2
[km ]

Area 1 (Watershed A)
Area 2
Areas 3 and 5
Area 4
Area 6
Area 7
Area 8
Lakes B1 to B4 (Water shed B)
Lakes D1 to D10 (Watershed D)
Lakes E1 to E3 (Watershed E)

2.34
1.25
4.65
2.17
3.94
3.82
7.55
1.26
4.27
1.23

0.73
0.61
2.52
0.76
1.76
0.94
2.34
0.18
1.06
0.23

2

km = square kilometres.

T

Area

AF

3.2.2.4.2 Precipitation, Surface Runoff, and Lake Surface Evaporation

The values for precipitation, surface runoff, and lake surface evaporation
parameters for the Mine were summarized in the EIS (De Beers 2010). Table 5
summarizes the key parameters used for water balance and management for the
Mine.

Table 5

Precipitation, Runoff, and Lake Surface Evaporation Parameters

R

Annual total precipitation for a mean precipitation year (1 in 2 return period)
Net annual unit runoff for open water surface for a mean precipitation year
Net annual unit runoff for vegetated natural land surfaces for a mean precipitation year
Net annual unit runoff for disturbed land surfaces for a mean precipitation year
Net annual unit runoff for mine rock pile surface during active mine rock placement period for a
mean precipitation year
Net annual unit runoff for mine rock pile surface after completion of final mine rock placement for a
mean precipitation year

D

Monthly runoff distribution

Annual total lake surface evaporation for a mean year
Monthly distribution of lake surface evaporation
Annual total precipitation for a wet year with a 1/10 return period
Annual total precipitation for a wet year with a 1/100 return period
1-hour extreme rainfall with a 1/100 return period
1-day extreme rainfall with a 1/100 return period
30-day extreme rainfall with a 1/100 return period
Spring snowpack snow water equivalent for a mean year with a 1/2 return period
Extreme spring snowpack snow water equivalent in wet condition with a 1/100 return period

mm = millimetre; % = percent.

De Beers Canada Inc.

328 mm
-8 mm
210 mm
249 mm
105 mm
210 mm

7.7% in May
55.6% in June
19.6% in July
7.4% in August
7.2% in September
2.5% in October
285 mm
13% in June
38% in July
29% in August
20% in September
428 mm
553 mm
28 mm
56 mm
152 mm
120 mm
162 mm
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3.2.2.4.3 Water Balance

T

A monthly water balance for lake dewatering was developed to estimate the
required discharge rates and associated lake water elevations with time during
the initial lake dewatering period. The surface runoff into each of the areas during
the period was estimated based on a mean precipitation year. Table 6
summarizes the projected water elevations and discharge/pumping rates during
a mean precipitation year, and Tables 7 and 8 provide a summary of inflows to
and outflows from the water management system and Area 8 during the
construction phase.

AF

The base case (no mine development) peak daily-average discharge rate for a
median year (1 in 2 year return period) was 1.32 cubic metres per second (m3/s)
at the Area 8 outlet and 2.12 m3/s at the N11 outlet (De Beers 2010). The
discharge rates for initial mine dewatering are predicted to be 0.77 m3/s at the
Area 8 outlet and 0.73 m3/s at the N11 outlet, which are lower than the base case
rates in the EIS (De Beers 2010). These pumping conditions will reduce the
potential for erosion damage to the Area 8 and Lake N11 outlets and
downstream watercourses.

D

R

Therefore, the total (pumped and natural) flow will not exceed the two-year
(median) maximum daily flow rate at the Area 8 outlet (Stream K5) or Lake N11
outlet. For Stream K5, this is 135,000 cubic metres per day (m3/d). The
N watershed, located north of the Kennady Lake watershed, is larger and
capable of accepting more water than the Kennady Lake watershed. The total
flow will not exceed 500,000 m3/d at the Lake N11 outlet, i.e., to meet the same
two-year (median) maximum daily flow rate limits at the outlet. No pumping to
these lakes will occur when natural flows exceed those outlet rates.

De Beers Canada Inc.

Gahcho Kué Mine
Water Management Plan

Table 6

- 23 -

November 2013
DRAFT Version 1

Projected Water Elevations and Discharge / Pumping Rates for Initial Lake
Dewatering
Stage

Stage 1
From: Starting
of Year -2

Period

Stage 2
To: June of
Year-2

To: September
of Year-2

From: July of
Year -2

11.95

5.7

Maximum rate of discharge water from
3
(a)
Area 3 to Lake N11 (m /s)

0.73

0.73

Maximum total volume of discharge
3
water from Area 7 to Area 8 (mm )

1.0

-

Maximum rate of discharge water from
3
Area 7 to Area 8 (m /s)

0.77

-

Maximum total volume of treated water
pumped from Area 6 to Area 5
3
(mm /month)

-

6.36

-

0.98

T

Maximum total volume of discharge
3
water from Area 3 to Lake N11 (mm )

Maximum pumping rate of treated
3
water from Area 6 to Area 5 (m /s)

418.9 masl (end of June of Year -2)

419.3 masl (end of September of
Year -2)

Projected period-end water elevation in
Areas 6 and 7 (m)

418.9 masl (end of June of Year -2)

404 masl at Area 6; 414.5 masl at
Area 7 (end of September of Year -2)

(a)

AF

Projected period-end water elevation in
Areas 2 to 5 (m)

Depending on operational requirements or unplanned changes to the construction schedule, pumping may occur in,
or be extended into, winter.
3

3

Mm = million cubic metres; m /s = cubic metres per second; m = metre; - = not applicable; masl = metres above sea
level.

D

R

The potential for erosion of lake-bottom sediments in Area 8 and Lake N11 will
be reduced during dewatering with the use of diffusers on the discharge pipe
outlets. These diffusers will be placed at a sufficient depth above the lake bed at
the discharge points in Area 8 and Lake N11 to reduce the potential for lake bed
disturbance and sediment re-suspension. The discharge point will also be
located in relatively deep sections of the receiving waters. Although some
sediment may be mobilized despite these measures, the extent of any effect is
likely to be limited to the area immediately adjacent to the diffuser. It will quickly
diminish with distance from the outfall.
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Summary of Inflows to and Outflows from the Water Management System
During Construction (Year -2 to Year -1)
Total Annual Flow
3
[m /y]

Mine Phase

Proportional Flow
3
[m /y]

Construction (Year -2 to Year -1)
4,092,000 (Year -2) to
4,356,500 (Year -1)

Inflows

348,000 (Year -2) to
300,000 (Year -1)
224,000
15,500
667,000
205,000
57,800
125,000
1,651,700
190,500 to 576,000
60,000
547,500 (Year-2);
474,500(Year-1)

AF

Natural surface runoff from watershed B
Natural surface runoff from watershed C
Natural surface runoff from watershed D
Natural surface runoff from watershed E
Natural surface runoff from watershed F
Natural surface runoff from watershed G
Natural surface runoff from watershed K (Area 1 to Area 7)
Disturbed area runoff
Fresh water supply from Area 8

T

Natural surface runoff from watershed A

Groundwater inflows from 5034 pit
Outflows

18,650,000 (Year -2) to
3,450,000 (Year -1)

Water pumped from Area 7 to Area 8
Water pumped to Lake N11
(a)

1,000,000 (Year -2)
3,450,000 (Year -1) to
17,650,000 (Year -2)

(a)

If water quality in the WMP is acceptable, some discharge may be directed to Area 8 in Year -1; this flow would also
supplement downstream flow mitigation.

3

m /y = cubic metres per year.

Summary of Inflows to and Outflows from Area 8 During Construction

R

Table 8

Mine Phase

Total Annual Flow
3
(m /y)

Proportional Flow
3
(m /y)

Construction (Year -2 to Year -1)
Inflows

2,230,000 (Year -2) to
1,530,000 (Year -1)

Water pumped from Area 1 to Area 8 via Lake J1b

300,000 (Year -1)
149,000

Natural surface runoff from watershed I

130,000

Natural surface runoff from watershed J

280,000

D

Natural surface runoff from watershed H

Natural surface runoff from watershed Ke (Area 8)

671,000

Water pumped from Area 7 to Area 8

1,000,000 (Year -2)
2,230,000 (Year -2) to
1,530,000 (Year -1)

Outflows

Freshwater supply to the Water Management System

60,000
2,170,000 (Year -2) to
1,470,000 (Year -1)

Discharge from Area 8
3

m /y = cubic metres per year.
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T

One of the key objectives for the Water Management Plan during operations is to
manage water generated within the controlled area and only discharge water if it
meets discharge criteria. The management of water within the controlled area
includes using the sequence of mine pit development so that the mined-out open
pits (e.g., 5034 and Hearne) can also be used for additional mine water storage,
as well as mine rock and processed kimberlite storage.
During operations, water management will involve a variety of tasks including:


AF

further dyke construction for water management;

establishing a WMP for water storage and a source of recycled water to
the processing plant as make-up water, and discharging water that
meets discharge requirements;



managing groundwater from the open pits;



dewatering Area 4 to safely access the Tuzo ore body for mining;



containing and managing site runoff and dyke seepage;



recycling water to the processing plant as make-up water; and



pumping water from Areas 3 and 5 or Lake N11 to Area 8 for
downstream flow mitigation.

R



Key Mine Activities during Operation
The overall water management during mine operation can be broken down into
three stages. The detailed activities of each stage are summarized below. The
overall Mine timeline for water management during mine operation is shown in
Table 9.

D

3.2.3.2



Stage 1: Years 1 to Year 3 (Figures 6 and 7):



pump pit inflow from the 5034 and Hearne pits to the WMP through
an in-line treatment system;



pump runoff water from water collection ponds in Area 6 to the WMP;



pump water from Lake A1 to Area 8 through Lake J1b;



discharge water from the WMP to Lake N11 while water quality
meets the discharge requirements (if water quality in the WMP is
acceptable, discharge may be directed to Area 8 during this time
frame to supplement downstream flow mitigation);
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pump water from Lake N11 to Area 8 for the downstream flow
mitigation as necessary when the water quality in the WMP does not
meet the discharge requirements;



discharge treated STP effluent with fine PK into Area 2 Fine PKC
Facility;



reclaim water from Area 3 to process plant for ore processing; and



pump water from Area 4 to the WMP to fully drain Area 4 prior to
mining Tuzo Pit in Year 4.



T

Stage 2: Year 4 (Figure 8) – same as Stage 1 except for the following
additions and changes:
Hearne Pit will be mined out after January of Year 4, therefore pit
inflows to Hearne Pit will accumualte in the mined-out Hearne Pit;



stop pumping water from water collection pond at west portion of
Area 6 to WMP. Surface runoff from west portion of Area 6 will be
diverted to the mined-out Hearne Pit;

AF



stop pumping pit inflows from 5034 Pit to WMP, and redirect into the
mined-out Hearne Pit;



pump pit water from Tuzo Pit to process plant as portion of make-up
water;



pump runoff water collected in collection pond CP6 in Area 4 to
WMP; and



assume no discharge from Area 3 to Lake N11 for the current
management plan; annual operational discharge may continue if the
water quality in WMP meets discharge criteria.

R





Stage 3: Year 5 to 11 (Figures 9, 10 and 11) – Same as Stage 2 except
for the following additions and changes:
stop discharging treated STP effluent together with fine PK slurry into
Area 2 in Year 5. Pump treated STP effluent together with fine PK
slurry into the mined-out Hearne Pit in Year 5;



stop pumping surface runoff water collected in east portion of Area 6
to WMP when 5034 Pit is mined-out. Surface runoff water will be
directed to the mined-out 5034 Pit from Year 7;

D





complete construction of Dyke N to increase water storage capacity
in the west portion of Area 6 containing the mined-out Hearne Pit in
Year 8;



pump excess water in the mined-out Hearne Pit to WMP or process
plant as portion of make-up water; and



pump excess water in Area 7 to WMP after Year 7 or to Area 8 if the
water quality in Area 7 meets the discharge requirement.
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Overall Mine Timeline for Water Management during Mine Operations
Water and Fine PK Slurry Management
From

To

Watershed A

Area 8

Watershed B

Lake N8

Watershed D

Lake N14

Watershed E
Area 2
WMP (Areas
3 and 5)

Fine PK Facility
WMP
WMP
Area 4 Pond

Area 4
CP6
Area 6

CP2 to CP5

Area 7

CP1

5034 Pit

Active 5034 Pit

Dyke/
Natural
Drainage

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10

AF

Water
Diversion

Project Timeline (Year)
Transfer
Method
Dyke/
Pipeline

T

Items

Lake N14
Area 3

Seepage

Lake N11 or Area 8
Process Plant

WMP (Area 3)

WMP (Area 3)
WMP (Area 5)
WMP (Area 5)

Pipeline

D
R

WMP (Area 5)

Active Hearne Pit

WMP (Area 5)

Mined-out Hearne Pit

Process Plant or Area
5

Hearne Pit

Tuzo Pit

Treated STP
Effluent

Note:
(a)

Active Tuzo Pit

Process Plant

Sewage Treatment
Plant (STP)

Fine PKC Facility

STP

Mined-out Hearne Pit

Fresh Water

Contact Water

Treated STP Effluent

If water quality in the WMP is acceptable during construction, or during operation, discharge may be directed to Area 8 to supplement downstream flow mitigation
requirements

Y11

R

D
AF

T

R

D
AF

T

R

D
AF

T

R

D
AF

T

R

D
AF

T

R

D
AF

T
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Dykes for Water Management During Operation
A total of fourteen dykes will be required for the water management at the Mine
site, of which eleven dykes (e.g., A, D, E, and G) will be constructed during
construction phase. Dykes B, M, N, and Stage 2 of Dyke K will be constructed
during operations.

AF

T

Perimeter dykes around Areas 1 to 7 will include Dykes A, A1, D, E, F, and G.
Several of these dykes (e.g., Dykes A1, E, F, and G) will be constructed to divert
water away from the Mine area, while Dyke A prohibits downstream flow from the
controlled area. The diversions are required to reduce the volume of upper
watershed runoff entering the controlled area during operations. Internal water
retention dykes will be constructed during operation; these include Dykes B, H, I,
J, K, M, and N. Dyke L will serve as a filter dyke between Areas 2 and 3.
Characteristics of each of the dykes are summarized in Updated Project
Description (De Beers 2013a).

A quality assurance program will be implemented during construction of each of
the dykes to verify the dykes are built as specified. The specific requirements
and testing frequencies for the quality assurance process will be set out in the
construction specifications prepared during the final design stage. Dyke
construction and operation may generate sediment and cause erosion at the
Mine site. The sediment and erosion control strategies are presented in the
Erosion and Sediment Management Plan (De Beers 2013c).

R

Performance monitoring is an integral part of the operation of any water retention
structure, particularly in an arctic environment. The performance of the dykes will
be monitored throughout their construction and operating life.

D

Instrumentation together with systematic visual inspection can provide early
warning of many conditions that can contribute to dyke failures and incidents.
Detailed instrumentation requirements for each dyke and berm will be specified
in the final design of the dykes and berms. The types of instruments may include
piezometers, thermistors, and survey monitoring markers.
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Water Management Pond
During construction and operations, a WMP will be developed in Areas 3 and 5,
which will have a maximum storage capacity of approximately 18.8 million cubic
metres (Mm3). The WMP will collect and store water from the following sources
during the operational period:
Fine PKC Facility drainage through the filter dyke (Dyke L);



runoff and seepage from the West Mine Rock Pile;



Area 4 open water drainage (including runoff and seepage from the
Coarse PK Pile) prior to the construction of Dyke B;



water pumped from Areas 6 and 7 during dewatering of Kennady Lake
and mine operations, which will include runoff and seepage from the
South Mine Rock Pile;

AF

T





open pit inflows, as required;



treated STP effluent discharge from the sewage treatment plant until it is
co-mingled with the fine PK slurry pipeline;



process water; and



disturbed and undisturbed site runoff.

R

The WMP will be the primary reservoir for storage of site water. During mining of
the 5034 and Hearne pits, the WMP will supply plant process makeup water to
the process plant, which will be pumped to a process water tank located in the
plant.

D

Should water within the WMP meet discharge requirements listed in the Type A
Water Licence excess water in the WMP, including seasonal melt water, will be
pumped to Lake N11 (or to Area 8 to supplement downstream flow mitigation).

3.2.3.5

Open Pits Inflows
During operations, groundwater flowing into the open pits is expected to range
from a minimum of about 547,500 cubic metres per year (m3/y) at the end of
construction (Year -1) to about 2,010,000 m3/y in Year 4 when total inflow to the
open pits reaches a maximum. After Year 4, the gradual refilling of Hearne Pit
will reduce the hydraulic gradients, resulting in a decreased groundwater inflow
to these open pits. Table 10 presents the estimated rates of passives inflows to
pits during mine operation
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Estimated Rates of Passive Groundwater Inflow to the Pits
3

-2
-1
1
2
3
4
5
6
7
8
9
10
11

5034

Estimated Passive Inflow to Pit [m /d]
Hearne

Tuzo

1,500
1,300
1,100
1,300
1,600
2,100
2,500
2,300
2,200
1,800
1,500
1,300
1,300

1,500
1,500
1,600
1,500
1,300
1,000
200
200
100
100
100

200
1,900
1,100
900
1,200
2,200
2,200
2,300
2,500

3

AF

m /d = cubic metres per day; - = not applicable.

T

Year

R

During operations, groundwater inflows to the open pits will be pumped either to
the WMP where it will be recycled to the process plant, used for dust
suppression, or discharged to Lake N11. The dewatering of open pits to the
WMP will cease when mining is complete in Hearne Pit in Year 4; thereafter, pit
inflows will accumulate in the mined-out Hearne Pit. After mining 5034 pit is
completed, Tuzo Pit will be the only active pit, and water captured in the Tuzo Pit
will be directed to the process plant to supplement process water requirements or
to the 5034 Pit. It is expected that groundwater may continue to flow into the
open pits during the winter. A system of ditches and sumps will be constructed,
maintained, and upgraded throughout the operational phase of the Mine.

D

In Year -1, the open pit dewatering system will be installed. The purpose of the
dewatering system is to remove any precipitation and surface runoff that
accumulates in the pits prior to, and during, mining. Pit dewatering will take
place on an intermittent basis to prevent excessive water accumulation in the
pits. This dewatering system will be expanded as mining progresses.

Water entering the open pits during mining will be routed by ditches to a series of
sumps. Temporary sumps will be developed in working areas that will allow initial
settlement of coarse suspended solids from the water. From the temporary
sumps, water will be directed through a combination of ditches and pipelines to
main sumps equipped with multiple storage areas and pumps. A limited amount
of storage capacity will be provided in the open pits to prevent flooding of sumps
and working areas. To reduce TSS in the groundwater inflows that collect in the
pit dewatering systems, water will be treated by in-line flocculation if pumped to
the WMP.
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As required, perimeter dykes will be constructed around the circumference of the
open pits to reduce the inflow of surface runoff from the exposed lakebeds. A
small amount of seepage may reach the open pits during runoff events, because
the perimeter dykes will not be constructed with water-retaining cut-off walls.

T

The concentration of TDS in the pit water from groundwater infiltration is
expected to increase with depth. The concentration may dictate adaptive
management practices to the overall management of the pit water. The Water
Management Plan is flexible and should monitoring identify that groundwater
quality and quantity exceed projected levels (see Section 3.2.5) early in
operations when operational discharge from the WMP to Lake N11 is planned, pit
inflows during this period could be directed either to the process plant or to
collection ponds in Areas 6 and 7 in lieu of pumping to the WMP.

3.2.3.6

AF

During the operations phase, open pit mine water quality will be monitored in the
open pit sumps. The detailed water monitoring plan is presented in the
Groundwater Monitoring Program (De Beers 2013d).

Dewatering Above the Tuzo Ore Body

R

The construction of Dyke B to separate the WMP from Area 4 will begin in Year 1
to utilize the pre-stripping overburden material from Hearne and 5034 pits. Dyke
B will be constructed using overburden till, mine rock from the open pits, and
possibly coarse PK. Area 4 will be completely dewatered prior to Tuzo Pit mining
activities in Year 4. Approximately 3.6 Mm3 of water will be siphoned to the WMP
to draw down the water level in Area 4. Water captured in the Area 4 collection
pond during the remainder of the operational period will be pumped to the WMP.

3.2.3.7

Site Runoff Water Management

D

Site runoff will flow naturally to the deeper regions in the dewatered areas of
Kennady Lake, which will act as collection ponds for storage of water. Water
flows can be managed within these areas. Natural drainage patterns will be used,
where practical, to minimize the use of ditches or diversion berms.

3.2.3.7.1 Water Collection Ponds
Water collection ponds within the controlled area will be established to limit runoff
water flowing into the active pits. A total of eight water collection ponds (CP1 to
CP8) have been identified. These ponds will collect runoff from natural
catchments within the controlled area (e.g., the southern face of the former Area
6 and 7 shorelines) and dyke seepages. Site runoff from the southern portion of
the processing plant area will also flow naturally to these ponds. Excess water

De Beers Canada Inc.

Gahcho Kué Mine
Water Management Plan

- 38 -

November 2013
DRAFT Version 1

from collection ponds will be routed to designated water storage facilities
depending on the year of operation. Table 11 summarizes the locations and
required operation periods for the ponds. The locations of CP1 to CP6 are
shown in Figures 5 to 11.
Table 11

Location of Water Collection Ponds and Required Operation Periods

Water
Collection Pond

Relative Location

Required Operation Period

West end of Area 7 and east of Dyke K

January of Year -1 to December of Year 2

CP2

South of 5034 Pit and west of Dyke K in Area 6

January of Year -1 to December of Year 6

CP3

Southwest of 5034 Pit and northeast of Dyke N in
Area 6

January of Year -1 to December of Year 6

CP4

Northwest of 5034 Pit in Area 6 and east of Dyke I

January of Year -1 to December of Year 6

CP5

Southwest of Hearne Pit in Area 6

January of Year -1 to December of Year 3

CP6

Northeast of Tuzo Pit in Area 4

CP8 (optional)

January of Year 4 to December of Year 10

AF

CP7 (optional)

T

CP1

Northwest of Hearne Pit and South of Dyke H in Area 6

January of Year -1 to December of Year 3

West of Tuzo Pit and East of Dyke M in Area 4

January of Year 4 to December of Year 10

CP = collection pond.

Water management for the collection ponds includes the following:

no or minimal water will be stored in water collection ponds (CP1 to
CP6) before the start of each spring freshet;



pumping from water collection ponds (CP1 to CP6) will start
simultaneously when the freshet starts;

R



the total runoff water into a collection pond for a mean year spring
freshet will be completely pumped out of CP1 within approximately two
months, and out of CP2 to CP6 within approximately two weeks;



the total runoff water for a 1 in 100 wet year spring freshet will be
completely pumped out of CP1 within approximately four months, and
out of CP2 to CP6 within approximately three weeks;

D





water overflowing from water collection ponds is not a risk under a 1 in
100 wet year spring freshet or a drier year spring freshet; and



minimal water will be stored in the water collection ponds after the
spring freshet runoff water is pumped out so that the runoff from a one
day extreme rainfall with a 1 in 100 year return period can be stored in
the water collection ponds.
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3.2.3.7.2 Runoff from Mine Rock Piles

T

Mine rock will be stored at two surface locations during operations: the West
Mine Rock Pile, and the South Mine Rock Pile. The West Mine Rock Pile will be
constructed within the catchment of the WMP at the watershed of Area 5.
Seepage and runoff from this facility will flow to the WMP. The proposed footprint
of the South Mine Rock Pile is located immediately south of Area 6. All runoff and
seepage from this facility will flow to the Area 6 collection pond (CP2), where it
will be subsequently pumped to the WMP or the mined out Hearne Pit,
depending on the operational year. Further details are described in the
Processed Kimberlite and Mine Rock Management Plan (De Beers 2013i).
Runoff from the mine rock piles will flow and/or be directed as described below:

Runoff from the eastern face and along the northern perimeter of the
West Mine Rock Pile will flow directly to Area 5.



Runoff from the western perimeter of the West Mine Rock Pile will either
flow along the mine rock pile to Area 5 or percolate into the mine rock
pile.



Minor runoff from the southern perimeter of the West Mine Rock Pile will
flow into the Hearne Pit, which will have pit sumps that will be pumped
out periodically to the process plant.



Runoff from the South Mine Rock Pile will flow to, and be contained
within, the Area 6 dewatered lake bottom collection ponds.

R

AF



3.2.3.7.3 Runoff from Coarse Processed Kimberlite Pile

D

The Coarse PK Pile will be located immediately east of Area 4. Any runoff and
seepage will flow through natural channels to Area 4, where it will initially flow to
the WMP when there is an open water connection between Areas 3 and 4 in
Kennady Lake. Following the completion of Dyke B and dewatering of Area 4, the
Coarse PK Pile runoff and seepage will flow to the Area 4 collection pond (CP6)
and subsequently be pumped to the WMP or mined-out pits.

3.2.3.7.4 Runoff from Fine PKC Facility
A filter dyke (Dyke L) will be constructed to separate the Fine PKC Facility from
Area 3. Surface runoff, seepage, and liberated process water from fine PK
deposited into Area 2 will flow to Area 3 of the WMP through Dyke L. Fine PK
deposition will be directed to the mined-out Hearne Pit when the pit becomes
available.
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3.2.3.7.5 Runoff from Airstrip Area
The airstrip has a total surface area of 150,000 square metres (m2). Because of
the topography, runoff from approximately 50% of the airstrip surface flows
naturally to Area 7 of Kennady Lake. For the remaining 50% of airstrip surface,
runoff will flow to Area 8; sediment management strategies, such as silt fences,
check dams and settling ponds, will be used to control any sediment transport in
runoff to Area 8 (refer to De Beers 2013c).

T

3.2.3.7.6 Runoff from Ammonium Nitrate Storage Area and Emulsion
Plant

AF

The bulk (primary) Ammonium Nitrate (AN) Storage area is located north of the
Fine PKC Facility in Area 2. The storage area will be constructed so that any
surface run-off drains to the Fine PKC Facility. The emulsion plant and
operational AN storage facilities are located to the east of the Coarse PK Pile in
Area 4 sufficiently distanced from the infrastructure facilities. The areas around
the emulsion plant and operational AN storage facilities will be graded so that
runoff flows towards Area 4. Natural drainage patterns will be used, where
practical, to minimize the use of ditches or diversion berms. Further details are
described in the Explosive Management Plan (De Beers 2013j).

3.2.3.7.7 Runoff from Site Access Roads

R

The Mine access roads are located within the controlled area except for the
winter access road from Area 2 to Lake N11 and a short road leading to the
potable water intake in Area 8. Sediment management structures, such as silt
fences, sediment traps, and settling ponds, will be used to mitigate any sediment
transport in runoff to adjacent waterbodies. The sediments traps will be cleaned
out as required.

Downstream Flow Mitigation to Area 8 During Operation

D

3.2.3.8

Reduction in flows of the isolated areas of Kennady Lake (e.g., Area 8) during
the operations phase at the Mine site will have the potential to frequently prevent
Arctic Grayling spawning migrations due to natural barriers that persist at low
flows, and to reduce the available habitat area for spawning and rearing through
reductions in wetted area (Golder 2012a). A conceptual flow mitigation plan has
been is developed for the Mine to augment flows downstream of Area 8 during
operation to avoid potential harmful population level effects on the fish
community between Area 8 and Lake 410 (Golder 2012a).
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The supplemental water will be pumped to Area 8 from Lake N11 in three out of
four years during June to August. If water in the WMP meets discharge
requirements, supplemental water for downstream flow mitigation may be
sourced from this area in lieu of Lake N11. The downstream mitigation targets
flow will be varied from June to August under each water year type (i.e. wet year
and dry year) as listed in Table 12.

Year Type

Conceptual Flow Augmentation Targets above Predicted Operational Flows
Area 8 Outflow Augmentation Targets
July

June
3

Wet

0.30 to 0.40 m /s

Wet-Average

0.30 to 0.40 m /s

Dry-Average

0.30 m /s

3

3

Ramp down over 7 day period to
3
0.30 m /s
Ramp down over 7 day period to
3
0.20 m /s
Ramp down over 7 day period to
3
0.10 m /s
As required to maintain a minimum flow
3
of 0.10 m /s

August

Ramp down over 7 day period to
3
0.20 m /s
Ramp down over 7 day period to
3
0.10 m /s
As required to maintain a minimum flow
3
of 0.10 m /s
As required to maintain a minimum flow
3
of 0.10 m /s

AF

Dry

3

T

Table 12

3

0.10 m /s

m /s = cubic metres per second.

3.2.3.9

Water Balance During Operation

3.2.3.9.1 Water Inputs and Outputs

D

R

A monthly water balance was generated for the basins in Areas 1 to 7 and the
mined-out 5034 and Hearne pits during the mine operation under mean
precipitation years. Table 13 summarizes the major sources of water inputs and
outputs for each of the basins and pits for the water balance.
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Summary of Water Inputs and Outputs for Water Balance in the Controlled Area During Operation

Items

Water Inputs

Water Outputs

 Net runoff into the watershed A

Area 2

 Net runoff into catchment area of Area 2
 Free water released from settled fine PK deposited in Area 2
 Treated STP effluent

 Water flowing from Area 2 to Area 3 before Dyke L is
constructed or seepage water through the filter dyke
(Dyke L) from Area 2 to Area 3






 Water discharged from WMP to Lake N11 (or to Area 8 to
supplement downstream flow mitigation if water quality
meets discharge criteria)
 Water reclaimed from WMP to process plant
 Seepage water through internal Dykes B and M into Area 4
 Seepage water through internal Dykes H and I into Area 6
 Pit inflow contributed by WMP through seepage water






 Net runoff into catchment area of Area 4
 Seepage water through internal Dykes B and M into Area 4

 Water pumped from water collection pond in Area 4 to the
WMP
 Seepage water through internal Dyke J into Area 6
 Water pumped from Area 4 to WMP to dewater Area 4
 Pit inflow contributed by Area 4 through seepage water

 Net runoff into catchment area of Area 6
 Seepage through Dyke G into Area 6 after Dyke G is constructed
 Seepage water through internal Dykes H, I, J, K, and N into Area 6

 Water pumped from collection ponds in Area 6 to Area 5
 Water flowing from Area 6 into the mined-out Hearne and
5034 pits

 Net runoff into catchment area of Area 7
 Seepage water through Dyke A in Area 7

 Water pumped from Area 7 to Area 5
 Pit inflow contributed by Area 7 through seepage water
-

Area 4

D
R

Area 6

Net runoff into catchment area of Areas 3 and 5
Treated STP effluent (during Year -1 only)
Seepage through Dyke E into the Area 3 after Dykes E and F is constructed
Water flowing from Area 2 to Area 3 before Dyke L is constructed or
seepage water through the filter dyke (Dyke L) from Area 2 to Area 3
Pit water in active pits (i.e., 5034 and Hearne Pits) pumped to Area 5
Excess water accumulates in the mined-out pits
Water flowing from Area 4 to Area 3 before Dyke B is constructed or water
pumped from collection ponds in Area 4 to Area 3 after Dyke B is
constructed
Water pumped from collection ponds in Areas 4, 6 and 7 to Area 5

AF

WMP (Areas 3 and 5)

Area 7

Mined-out 5034 pit

 Water discharged from Lake A1 to Area 8 through Lake J1b

T

Area 1








West Portion (Area 6A) of

Area 6 including the

mined-out Hearne pit

Net runoff into catchment area of the mined-out 5034 Pit
Water pumped from Area 4 water collection pond to the mined-out 5034 Pit
Treated STP effluent
Underground seepage through bottom and walls of inactive mined-out 5034
Pit into the pit

Net runoff into catchment area of Area 6A
Seepage through Dyke G and drained lakebed into Area 6A
Treated STP effluent into the pit
Underground seepage through bottom and walls of inactive the mined-out
Hearne Pit into Hearne Pit
 Water released from settled fine PK deposited in Hearne Pit

 Seepage water through internal Dyke N from Area 6A to
Area 6B (east portion of Area 6)
 Water from the mined-out Hearne Pit to WMP or the
process plant as make-up water

Gahcho Kué Mine
Water Management Plan

- 43 -

November 2013
DRAFT Version 1

3.2.3.9.2 Storage Capacity and Catchment Area

Table 14

T

The volume of net runoff water in a given catchment area was calculated based
on sub-areas of various surface types including vegetated land surface, open
water surface, disturbed land surface, active waste rock surface, and inactive
waste rock surface. The water storage capacity during mine operation for
various areas is summarized in Table 14. Table 15 presents the catchment areas
used for the water management of the Mine. The dykes designed for the
periphery of the WMP to allow for Areas 3 and 5 with a maximum storage
capacity of approximately 18.8 Mm3 (storage elevation 422.7 masl within the
WMP), which would allow for WMP water level increases to 2.0 m above the
current lake water level during the mine operation.
Water Storage Capacity During Mine Operation for Various Areas
Area 2 after Final
Deposition of Fine
PK
3
[Mm ]

200

-

-

-

-

-

-

0.44

0.14

-

1.00
4.30
9.89
20.25

-

0.72
1.38
2.04
3.14
4.24
5.75
7.26

0.22
0.37
0.52
0.75
1.01
1.36
1.71

-

20.47
20.70
20.94
21.16
21.39
21.72
22.08

418
419
420
421
422
423

0.00
0.03
0.09
0.22
0.41
0.67

9.09
10.93
13.01
15.08
17.42
19.77

2.14
2.64
3.23
3.89
4.65
5.41

-

22.44
22.83
23.28
23.79
23.07
-

424

1.08

-

-

-

-

225
250
275
300
350
410

D

R

411
412
413
414
415
416
417

AF

Water
Elevation
[masl]

Areas 3 and 5
after Construction
of Dykes L and B
and Final
Placement of Mine
(a)
Rock in Area 5B
3
[Mm ]

Note:
(a)

Area 4 after
Construction of
Dyke B
3
[Mm ]

Mined-out 5034 Pit
below the Sill
between 5034 Pit
and Tuzo Pit
3
[Mm ]

West of Dyke N in
Area 6 Including
Mined-out Hearne
Pit
3
[Mm ]

The timing, location, sequence and volume of PK and mine rock waste stream production and deposition will vary
according to operational requirements.

The volume includes the voids within the submerged portion of the Mine Rock placed in south portion of Area 5. An
average porosity of 0.23 was used for the submerged Mine Rock.
3

masl = metres above sea level; Mm = million cubic metres; - = not applicable.
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Total Catchment Area Including Water Surface
2
[km ]

Area

0.50
0.33
0.53
0.66
0.80

1.65
0.78
0.74
0.32
0.71
3.82
1.20

AF

5034 Pit including surrounding areas where runoff water
directly flowing into 5034 Pit with in-place CP1 to CP5
Hearne Pit including surrounding areas where runoff water
directly flowing into Hearne Pit with in-place CP5 and CP7
Hearne Pit including surrounding areas where runoff water
directly flowing into Hearne Pit with in-place CP5 only
Tuzo Pit including surrounding areas where runoff water
directly flowing into Tuzo Pit with in-place CP6 and CP8
Tuzo Pit including surrounding areas where runoff water
directly flowing into Tuzo Pit with in-place CP6 only
West portion of Area 6 after construction of Dyke N
Final Mine Rock pile surface in Area 6
Final Mine Rock pile surface in Area 5
Final Coarse PK pile surface in Area 4
Final settled fine PK surface in Area 2
Water Collection Pond CP1
Water Collection Pond CP2
Water Collection Pond CP3 with in-place CP5 but without
CP6 and Hearne Pit
Water Collection Pond CP3 after start mining of Hearne Pit
Water Collection Pond CP4
Water Collection Pond CP5
Water Collection Pond CP6
Water Collection Pond CP7 (optional)
Water Collection Pond CP8 (optional)
2
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0.97

0.44
0.14
1.10
1.39
0.20
0.14

km = square kilometres; CP = collection pond.

R

3.2.3.9.3 Water Balance

D

A water balance has been developed that provides a prediction of monthly
inflows and outflows from the water management system during mine operation.
Tables 16 and 17 show a summary of the inflows to and outflows from the water
management system (e.g., the Mine mechanism to which all elements of site
contact and mine contact water, potable and plant water supply, pumped inflows
and discharges, and natural inflows and outflows are managed and facilitated)
and Area 8, respectively, during mine operations of the Mine. The tables were
compiled using net runoff data for a median year (one-in-two year return period).
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Summary of Inflows to and Outflows from the Water Management System
During Operation in the Controlled Area
Total Annual Flow
3
[m /y]

Mine Phase

2,797,200 to 5,321,900

T

474,500 to 2,007,500
110,500 to 189,000
30,000 to 80,000
21,000 to 83,500
81,900 to 163,800
794,000 to 1,096,000
118,000
15,500
72,800
57,800
125,000
869,200 to 1,286,000
27,000

AF

Operations (Year 1 to Year 11)
Inflows
Groundwater inflows entering the open pits
Runoff from Fine PKC Facility
Runoff from Coarse PK Pile
Runoff from West Mine Rock Pile
Runoff from South Mine Rock Pile
Disturbed area runoff
Runoff from the airstrip
Natural surface runoff from watershed C
Natural surface runoff from watershed D1
Natural surface runoff from watershed F
Natural surface runoff from watershed G
Natural surface runoff from watershed K (inside)
Fresh water supply from Area 8
Total Annual Outflows

3,450,000 (from Year 1 to Year 3)

3,450,000 (from Year 1
to Year 3)

Water pumped to Lake N11 (a)
(a)

Proportional Flow
3
[m /y]

If water quality in the WMP is acceptable during operations, discharge may be directed to Area 8.
3

PK = processed kimberlite; PKC = processed kimberlite containment; m /y = cubic metres per year.

Table 17

Summary of Inflows to and Outflows from Area 8 during Operation
Total Annual Flow
3
(m /y)

Mine Phase

Proportional Flow
3
(m /y)

Operations (Year 1 to Year 11)

R

Inflows
Water pumped from Area 1 to Area 8 via Lake J1b

1,530,000 to 3,085,000

300,000

Water pumped from Lake N11 for downstream flow mitigation
Natural surface runoff from watershed H
Natural surface runoff from watershed I
Natural surface runoff from watershed J
Natural surface runoff from watershed Ke (Area 8)

D

Outflows
Freshwater supply to the Water Management System

0 to 1,555,200
149,000
130,000
280,000
671,000
1,530,000 to 3,085,000

Discharge from Area 8

27,000
1,503,000 to 3,058,000

Note: Surface runoff = total precipitation - snow sublimation loss - lake evaporation - evapotranspiration.
3

m /y = cubic metres per year.

Inflows to the water management system during operation will consist of fresh
water drawn from Area 8, groundwater entering the open pits, surface runoff from
the Mine site, natural surface runoff from adjacent watersheds, drainage from the
Fine PKC Facility and the mine rock and Coarse PK piles.
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During construction, approximately 60,000 m3/y (i.e., 163 m3/d) of fresh water will
be taken from Area 8 for potable water needs. During operations, 27,000 m3/y
(i.e., 75 m3/d) of freshwater will be drawn from Area 8 for potable water needs. A
portion of this freshwater will be used as make-up water to supplement the water
requirements for the processing plant facility. At the plant site, water will be
recycled to reduce the freshwater requirements.

AF

T

During operations, water volumes entering the open pits from groundwater
inflows will range from a minimum of about 949,000 m3/y (i.e., 2,600 m3/d) during
Year 1 to about 2,010,000 m3/y (i.e., 5,500 m3/d) during operations, when the
size and depth of the open pits reaches a maximum. The average groundwater
inflow volume during operations (i.e., Years 1 to 11) is estimated to be
approximately 1,400,000 m3/y. Backfilling activities will gradually add water to
the open pits, thereby reducing hydraulic gradients and subsequent groundwater
inflows.
Natural inflows to Kennady Lake (i.e., Areas 1 to 7) include watersheds A to G.
During operations, inflows from the upstream watersheds will be altered due to
the diversion of the A, B, D, and E watersheds. Before Year -1, a saddle dam
(Dyke A1) and three low till berms will be constructed along the perimeter of
Area 1. Runoff from Area 1 (watershed A) will be directed to Area 8, via pipeline
to Lake J1b. Natural runoff from watersheds B, D, and E will be diverted to lakes
in the N watershed.

D

R

Drainage from the mine rock piles, coarse PK pile, and the Fine PKC Facility will
include runoff from direct precipitation. As new material is continuously
deposited on these Project facilities between Years 1 and 11, the net annual
runoff yield is estimated to increase as their surface area and water saturation
increase with time. This will result in drainage increasing from approximately
240,000 m3/y early in the Project life to approximately 700,000 m3/y in Year 7;
this annual drainage volume is estimated to remain through to the end of
operations, and is expected to continue at this rate during closure and postclosure. There are no plans to cover or establish vegetation on the mine rock
piles. The Coarse PK Pile will be covered with a mine rock layer, and the final
fine PK surface cover layer of the Fine PKC Facility will also be mine rock.
Outflows from the water management system during operation will consist of
water pumped to Lake N11 as a result of operational discharge, when water in
the WMP meets discharge criteria, and to Area 8 for downstream flow mitigation
every three out of four years.
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T

One of the objectives of the water management plan during mine closure is to
restore the natural flow regime and pre-disturbance conditions of Kennady Lake
to the extent practical and allow the restored Kennady Lake to return to
productive fish habitat as quickly as possible.
This section describes the water management plan that will be implemented
during the closure phase of the Mine.
restoration of Kennady Lake;



maintaining downstream flow mitigation during the refilling of Kennady
Lake;



reconnection of site-wide drainage patterns; and



reconnection to downstream watersheds.

AF



Details of the closure and reclamation activities of the Mine are provided in the
Conceptual Closure and Reclamation Plan (De Beers 2013b).

Key Mine Activities During Closure

The key water-related activities during mine closure include refilling the minedout pits, reconnecting the surrounding watersheds, and restoring the drained
basins of Kennady Lake back to its natural elevation of 420.7 masl, and
reconnecting the restored portions of Kennady Lake to the downstream (Area 8)
after achieving appropriate water quality. This will allow Kennady Lake to return
to productive fish habitat.

D

R

3.2.4.2

The following closure water management plan is adopted in consideration of
various factors such as refilling time, water quality in the WMP, and closure cost.
The Plan requires annually pumping water from Lake N11 to Area 3 to reduce
the overall time for the closure process. The required filling time is estimated to
be approximately twelve years including natural drainage and supplemental
pumping from Lake N11.
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The refilling of Kennady Lake during the closure phase of the Mine can be
broken down into three stages. The key activities for closure during the Mine
reclamation (Stage 1 - Years 12 and 13) are:
lower the water elevations in all water storage areas within Areas 2 to 7
to 417.0 masl by siphoning water from the WMP, and the region west of
Area 6 and Area 7, to the mined-out Tuzo Pit;



breach sections of Dykes B, N, and K to an elevation of 417.0 masl,
flatten the downstream slope, and place 1 m thick erosion protection
material over the excavated dyke crests and flattened downstream
slopes;



place erosion protection materials over the downstream natural
channels (or engineered channel if, and as, required) to limit erosion
along the flow paths to the mined-out Tuzo Pit;

AF

T





allow extra runoff water from the WMP, and the region west of Area 6,
and Area 7, to flow over the breached sections of Dykes B, N, and K.



pump water from Lake N11 to Area 3 at an average annual volume of
3.7 Mm3/y; and



monitor water quality in Kennady Lake areas, and adjust the closure
water management plan as required.

R

Following the reclamation stage, the key activities if Stage 2 of the refilling of
Areas 2 through 7 (Years 14 to 23) are:
remove Berm 3 (the northernmost berm) of the three Area 1 Perimeter
Berms to create a new outlet channel from the watershed A to Area 3
when water quality in the refilling Kennady Lake is acceptable to support
fish;



breach Dyke E to allow the runoff from the watershed B to flow into
Area 3;

D





breach Dyke F to allow the runoff from the watershed D to flow into
Area 5; and



breach Dyke G to re-establish the watershed E recharge to the west of
Area 6 in Kennady Lake.

Alternatively, these berms and dykes may be breached earlier in the reclamation
phase with the construction of temporary fish control structures to prohibit fish
access to Kennady Lake until water quality is acceptable (Figure 12).
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The key activities during Stage 3 of the refilling of Kennady Lake (Year 23) are:
raise the water elevation in the entire basin to the original lake elevation
of 420.7 masl; and



breach and/or partially remove Dyke A to connect the reclaimed basins
of Kennady Lake with Area 8 once the water quality in the refilled lake
meets appropriate discharge criteria.

Restoration of Kennady Lake

T

3.2.4.3



AF

At the completion of mine operations, the mined-out Hearne Pit will have been
partially backfilled with fine PK and mine rock; 5034 Pit will be backfilled with
mine rock, while Tuzo Pit will be open and empty. Area 2 will be filled with fine
PK and reclaimed with a cover layer that will be comprised of mine rock, and
Coarse PK depending on material availability. The water elevation in the WMP
will be around 422.0 masl. Area 7 will have been filled to a water elevation of
420.5 masl with natural runoff water at the end of mine operations.

R

The progressive reclamation strategy will be extended to the water management
of Kennady Lake, where portions of the lake are isolated and allowed to refill to
natural water levels as early as possible. After the planned within-lake
reclamation activity has been completed, such as the construction of any fish
compensation habitat and the decommissioning of any roads, diversion
channels, and pipelines, the refilling process of Area 6 will begin. Towards the
end of operations, water quality conditions in Area 7 will be evaluated to identify
opportunities to restore the connection between Area 7 and downstream waters
earlier in the mine plan (if conditions support this early reconnection of Area 7 to
Area 8, Dyke A would be breached, with Dyke K becoming the new downstream
boundary of the controlled area).

D

At the end of operations, in-lake Dykes B, J, K, and N will be breached to the
elevation 417 masl to allow flooding of the Tuzo Pit area. This activity will lower
each of these dyke structures to a level below the expected restored lake level of
420.7 masl. Temporary diversion Dykes E, F, and G will eventually be breached
to allow the upper watersheds to resume their flow into Kennady Lake. Natural
runoff from these upper watersheds will be used to refill Kennady Lake. The
estimated annual volume of water for Kennady Lake refilling during mine closure
will be approximately 4.0 Mm3. It is expected to take approximately 23+ years to
refill the lake by natural runoff to the original water levels.
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Supplemental water will be pumped from Lake N11 to Area 3 during the early
high-water season to reduce the Kennady Lake refilling timeframe. Pumping from
Lake N11 will typically begin in June and end in July, although it may extend into
August. In wet years, flow forecasts based on snow pack conditions and
seasonal precipitation will be used to estimate annual water yields from
Lake N11. Planned pumping sites will be set accordingly to prevent the total
annual outflow from Lake N11 from dropping below the one-in-five-year dry
condition. During the pumping season, pumping rates will be adjusted as
required to meet this objective. In years where the Lake N11 outflow is forecast
to naturally fall below the one-in-five-year dry condition, no pumping will occur.
With supplemental refilling, it will take approximately 12 years to refill Kennady
Lake.

R

AF

The total annual diversion from Lake N11 to Kennady Lake will be in the order of
3.7 Mm3/y, which represents no more than 20% of the normal annual flow to
Lake N11. The 20% cut-off will be used to ensure that sufficient water remains in
Lake N11 to support downstream aquatic systems in the N watershed. The value
of 3.7 Mm3/y represents the difference between the flow to Lake N11 under
median/normal flow conditions, and that which occurs under one-in-five-year dry
conditions. Based on a six-week pumping period, the average daily pumping rate
will be 88,100 m3/d. It is anticipated that more water will be withdrawn during
wetter years (i.e., up to a maximum of 175,200 million cubic metres per day
[Mm3/d]). In drier years, less water will be withdrawn. At no time will the diversion
result in an outflow from Lake N11 below that which occurs under a one-in-fiveyear dry condition.

Downstream Flow Mitigation to Area 8 During Closure
During operations, flow mitigation as described in Section 3.2.3.7 through Area 8
will continue until Kennady Lake is reconnected to downstream waters.

D

3.2.4.4
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Site-wide Drainage Patterns

3.2.4.6

AF

T

During the closure period, the temporary diversion dykes will eventually be
removed or siphons installed to restore the B, D, and E watershed boundaries of
Kennady Lake. Breaching these dykes may be delayed to restrict fish access
from the B, D and E watersheds into the refilling Kennady Lake until the water
quality is suitable; alternatively temporary fish control structures may be
constructed where the dykes are breached to prevent fish entering the refilling
Kennady Lake from the B, D and E watersheds. These watersheds will be
returned to their natural drainage patterns. The most northwestern perimeter
berm for Lake A1 will also be removed to allow the A watershed to drain back to
Area 3. During the restoration of Kennady Lake, runoff from the Fine PKC
Facility, mine rock, and Coarse PK piles, plant site, and airstrip will flow to the
lake and be used to assist in refilling.

Linkages to Surrounding Watersheds

Once Areas 3 through 7 are refilled to the same elevation as Area 8, and the
water quality within the refilled lake is acceptable, the in-lake portion of Dyke A or
Dyke K depending on water quality in Area 7 will be removed. The breaching and
removal of Dyke A or Dyke K will be undertaken using heavy machinery, such as
long-armed backhoes. Explosives will be used only if necessary. The refilling of
Kennady Lake and its reconnection with the downstream watersheds will then be
completed.

Water Balance During Closure

R

3.2.4.7

3.2.4.7.1 Water Inputs and Outputs

D

Table 18 shows a summary of the inflows and outflows from the water
management system during closure phase of the Mine, and Table 19 shows a
summary of the inflows and outflows from Area 8. The table was compiled using
net runoff data for a median year (one-in-two year return period). Discharge from
the outlet of Area 8 flows into Lake L3.
During closure, the water management system will receive natural runoff from
watersheds A, B, C, D, E, F, G, and K, which includes runoff from the mine rock
and PK storage facilities, groundwater, and the supplemental pumping of water
from Lake N11. In post-closure, the water management system will receive
natural runoff from watersheds A, B, C, D, E, F, G, and K, which includes runoff
from the mine rock and PK storage facilities.
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Summary of Inflows to and Outflows from the Water Management System
During Closure and Post-Closure in the Controlled Areas
Total Annual Flow
3
[m /y]

Mine Phase

Proportional Flow
3
[m /y]

Closure to Refilled Kennady Lake (Year 12 to Year 23)
Inflows
Groundwater inflows entering the open pits

8,840,500 to 10,454,000
0 to 640,500
309,000
80,000
144,000
164,000
58,000 to 774,500
3,700,000
322,000

AF

Natural surface runoff from watershed B
Natural surface runoff from watershed C
Natural surface runoff from watershed D
Elevated surface runoff from watersheds D and E
(from operations)

T

Runoff from Fine PKC Facility
Runoff from Coarse PK Pile
Runoff from West Mine Rock Pile
Runoff from South Mine Rock Pile
Disturbed area runoff
Pumping from Lake N11
Natural surface runoff from watershed A

Natural surface runoff from watershed E
Natural surface runoff from watershed F
Natural surface runoff from watershed G
Natural surface runoff from watershed K (inside)

205,000
57,800
125,000
989,200 to 1,245,700

Outflows
Post-Closure (Year 24+)

0

3,559,000

R

Inflows
Runoff from Fine PKC Facility
Runoff from Coarse PK Pile
Runoff from West Mine Rock Pile
Runoff from South Mine Rock Pile
Natural surface runoff from watershed A
Natural surface runoff from watershed B

Natural surface runoff from watershed C
Natural surface runoff from watershed D
Natural surface runoff from watershed E
Natural surface runoff from watershed F
Natural surface runoff from watershed G
Natural surface runoff from watershed K (inside)

D

224,000
15,500
667,000
1,780,000

309,000
80,000
144,000
164,000
322,000
224,000
15,500
667,000
205,000
57,800
125,000
1,245,700

Outflows
Natural discharge from Area 7 to Area 8

3,559,000
3,559,000
3

PK = processed kimberlite; PKC = processed kimberlite containment; m /y = cubic metres per year.

During closure, Area 8 will receive natural runoff from watersheds H, I, J, and K,
and the supplemental flow mitigation inflow, plus any water diverted by pumping
from Area 1 during mine operations. In post-closure, after the reconnection of
Area 8 with Area 7, the natural outflows from Area 8 will include the flow inputs
from the upper areas of Kennady Lake, with natural outflow estimated to be
approximately 4,790,000 m3/y.
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Summary of Inflows to and Outflows from Area 8 During Closure and PostClosure
Total Annual Flow
3
[m /y]

Mine Phase

Proportional Flow
3
[m /y]

Closure to Refilled Kennady Lake (Year 12 to Year 23)
Inflows

1,230,000 to 2,785,200

Water pumped from Lake N11 for downstream flow mitigation

0 to 1,555,200

Natural surface runoff from watershed H

149,000

Natural surface runoff from watershed I

130,000
280,000

Natural surface runoff from watershed Ke (Area 8)

671,000

Outflows

T

Natural surface runoff from watershed J
1,230,000 to 2,785,200

Discharge from Area 8

1,230,000 to 2,785,200

Post-Closure (Year 24+)
Inflows

4,790,000

3,560,000

AF

Natural surface runoff from Areas 1 to 7
Natural surface runoff from watershed H

149,000

Natural surface runoff from watershed I

130,000

Natural surface runoff from watershed J

280,000

Natural surface runoff from watershed Ke (Area 8)

671,000

Outflows

4,790,000

Discharge from Area 8

4,790,000

Note: Surface runoff = total precipitation - snow sublimation loss - lake evaporation – evapotranspiration.
3

m /y = cubic metres per year.

Monitoring and Surveillance

R

3.2.5

D

The water management plan will incorporate all necessary mitigation and
procedures to comply with the requirements of the Water Licence. Consistent
with other mine operations in the NWT, anticipated specific Water Licence
conditions may include some or all of the following, as described in the
Conceptual AEMP Design Plan (De Beers 2013j) and Surveillance Network
Program (SNP; Annex A of the Water Licence):


monitoring for the purpose of measuring Mine-related effects on water
quality in the receiving environment; and



monitoring to verify or assess the Environmental Assessment
projections relating to parameters with site specific water quality
objectives (SSWQOs) and thresholds.

Water quality monitoring of the controlled area and the receiving environment will
be achieved through the SNP and AEMP. These programs are linked to a
Management Response Framework (refer to the Adaptive Management Plan;
De Beers 2013k), which allows the Mine to systematically respond to monitoring
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results that identify the potential for significant adverse effects to occur, and for
mitigation actions, if required, to be not only undertaken, but confirmed effective
prior to such effects occurring.
This is accomplished by implementing
appropriate mitigation at predefined Action Levels, which are triggered before a
significant adverse effect occurs (see the Mine Adaptive Management Plan
[De Beers 2013k] and Draft AEMP Design Plan [De Beers 2013j]). Action levels
(e.g., low, moderate, or high) are pre-defined levels of environmental change or
effect that trigger certain types of management actions. They are linked to
quantitative benchmarks associated with changes to measurement endpoints for
specific components relative to baseline (as identified in the EIS).

Surveillance Network Program

The SNP will consist of water, sediment, and effluent (i.e., water management
pond discharge) quality monitoring primarily within the controlled area boundary
of the Mine, with the exception of the diffuser sampling locations that are located
immediately outside the controlled area (i.e., Area 8 during early construction
[initial dewatering], and Lake N11 during construction and early operations
[dewatering and operational discharge]). The information from this program will
be used to verify water quality predictions within the controlled area (e.g., the
water management pond with respect to dewatering and operational discharges
to Lake N11 and Area 8) and assess compliance with water licence limits.
Monitoring will occur prior to and through the life of the Mine, and during closure
(i.e., the refilling of Kennady Lake). Locations targeted for monitoring include
points of discharge (i.e., diffuser locations), the water management pond,
collection ponds, seepage, minewater, and surface runoff.

D

R

3.2.5.1

AF

Numerical water quality thresholds and objectives will be set in the receiving
environment during dewatering and operational discharges, and for Kennady
Lake following refilling. Interim objectives have been prepared for the Mine
(Golder 2012b), with the understanding that De Beers has agreed to further
consider SSWQOs, particularly in consideration of the protection of traditional
uses during the water licensing phase (De Beers 2012c).

While the SNP is a compliance monitoring requirement under the water licence,
select data from the SNP also have some direct relevance to the AEMP
(e.g., quality and quantity of water discharged from Kennady Lake to Lake N11
during dewatering). The AEMP and SNP have been designed to complement
each other and avoid duplication in data collection and reporting efforts. In
addition, action levels and benchmarks for applicable data collected in the SNP
will be identified and assessed as part of the AEMP.
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Aquatics Effects Monitoring Program

T

The AEMP will provide adaptive management details in support of the Water
Management Plan and the SNP (Annex A of the Water Licence). The AEMP
focuses on the receiving environment, outside of the controlled area. The focus
of the SNP is largely confined to within the controlled area, with the exception of
the sampling stations in Lake N11 and Area 8 (i.e., at the diffusers). The diffuser
stations, as with other mining operations, are anticipated to be included in the
AEMP reporting. The common link among the AEMP and SNP is the
management of water in, and downstream of, the Kennady Lake ecosystem due
to the Mine.

AF

Action levels within the AEMP are specific to water quality (its drinkability and
potential to affect aquatic life), fish health and tissue quality, and fish movement
(and abundance, particularly in latter stages of the Mine operations, i.e., postclosure). Significance thresholds are broadly organized into three categories
centered on the key assessment endpoints of the EIS and the water quality
objectives as committed to by De Beers; that is, “to not allow changes to water
quality that could adversely affect the drinkability of the water, the fish
communities (Lake Trout, Northern Pike, Arctic Grayling), or the ability to eat the
fish in Lake N11 and Area 8 during operations, closure and post-closure and in
Kennady Lake in post-closure”. They include the following:
water is safe to drink;



fish are safe to eat; and

R





ecological function in the aquatic ecosystem is maintained.

D

Changes to water quality, aquatic life abundance and distribution, and fish health
and fish tissue quality will be measured using standard approaches that are
consistent with, or added to, those used during the environmental assessment.
Where changes are identified for specific aquatic components, a weight of
evidence approach will be used to integrate the monitoring data from each
aquatic component to identify the impact to the aquatic ecosystem.

3.2.5.3

Water Monitoring During Construction
Lake dewatering discharge will be sampled regularly to monitor under the SNP
and AEMP for compliance with TSS discharge limits specified in the Water
Licence (Part D). Monitoring data will be used to identify the water level in the
lake needed to minimize the suspension of lake-bottom suspended solids. Any
water not meeting the discharge limits will be retained within the controlled area
of the Kennady Lake watershed.
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During construction, dewatering of Kennady Lake will involve water discharges to
Area 8 and Lake N11, resulting in increased flow-through and water level, and
potentially suspended solids concentrations in these lakes. For the AEMP, water
quality data will be collected from Lake N11, Area 8, Lake 410, and two reference
lakes each year in two seasons: winter (under-ice) and summer (open-water).
The SNP will collect water quality data at SNP 01-01 (i.e., diffuser location in
Lake N11) and SNP 01-02 (i.e., diffuser location in Area 8), which will be
integrated into the AEMP data analyses.

AF

T

Additionally, Lakes D2 and D3 (i.e., diversion lakes) within the Kennady Lake
watershed will be monitored for water quality because the water level in these
lakes is expected to increase during construction, which may result in increased
mercury methylation rates and nutrient inputs from the surrounding flooded land.
A subset of the L and M watershed lakes (between Kennady Lake and Lake 410)
will be sampled once during the winter and once during the open-water season.

Additional detail regarding the monitoring to be conducted in the SNP and AEMP
during closure (e.g., raised Lakes D2/D3, controlled area basins) is provided in
the Type A Water Licence and the Conceptual AEMP Design Plan (De Beers
2013j).

Water Monitoring During Operation

Operational discharge will be sampled regularly to monitor under the SNP and
AEMP for compliance with TSS and water quality discharge limits specified in the
Type A Water Licence (Part D). Any water not meeting the discharge limits will
be retained within the controlled area of the Kennady Lake watershed.

R

3.2.5.4

D

During operation, pumping of the WMP to Lake N11 through the early stage of
operations, and downstream flow mitigation pumping from Lake N11 or WMP to
Area 8 (about every three of four years) will involve water discharges to Area 8
and Lake N11, resulting in increased flow-through and water level, and
potentially suspended solids concentrations in these lakes. Therefore, water
level, flow-through and concentrations of nutrients, TDS, and metals are
expected to increase in Lake N11. Lake 410 will receive inflows from both
Lake N11 and Area 8. For the AEMP, water quality data will be collected from
Lake N11, Area 8, Lake 410, and two reference lakes each year in two seasons:
winter (under-ice) and summer (open-water). One sampling event will occur
during late winter and three (monthly) sampling events will occur during summer
in these lakes at five locations in each lake, resulting in 20 samples per lake in
each year.
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The SNP will collect water quality data at SNP 01-01 (i.e., diffuser location in
Lake N11) and SNP 01-02 (i.e., diffuser location in Area 8), which will be
integrated into the AEMP data analyses.

T

Additionally, Lakes D2 and D3 (i.e., diversion lakes) within the Kennady Lake
watershed will be monitored for water quality because the water level in these
lakes is expected to increase during construction, which may result in increased
mercury methylation rates and nutrient inputs from the surrounding flooded land.
A subset of the L and M watershed lakes (between Kennady Lake and Lake 410)
will be sampled once during the winter and once during the open-water season.

3.2.5.5

AF

Monitoring will initially be annual at AEMP water quality monitoring locations and
may be reduced to once every three years if data indicate stable conditions or
slow changes in water quality; this will be evaluated in the Aquatic Effect
Re-evaluation Report. Additional detail regarding the monitoring to be conducted
in the SNP and AEMP during closure (e.g., raised Lakes D2/D3, controlled area
basins) is provided in the Type A Water Licence and the Draft AEMP Design
Plan (De Beers 2013j).

Water Monitoring During Closure

R

Regular sampling within the refilling Kennady Lake will be conducted under the
SNP and AEMP for compliance with TSS and water quality criteria as specified in
the Water Licence (Part D). Any water not meeting water quality criteria as
specified in the Water Licence will invoke a management response.

D

Additional detail regarding the monitoring to be conducted in the SNP and AEMP
during closure (e.g., raised Lakes D2/D3, controlled area basins) is provided in
the Type A Water Licence and the Conceptual AEMP Design Plan (De Beers
2013j).

3.2.6

Contingency Measures

3.2.6.1

Contingency Measures During Construction and Operation
During dewatering, clean lake water in Kennady Lake will be discharged to Lake
N11 (and Area 8) depending on water quality criteria. Site performance
observation and monitoring are required to determine the final value of the
maximum drawdown without water treatment. Previous experience at Diavik
Diamond Mine and EKATI Diamond Mine has shown that water from the upper
portion of a lake can be released directly into the outside receiving environment
without exceeding the total suspended solid (TSS) discharge criteria, as stated in
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the Type A Water Licence. It is anticipated that about half the volume of the
water in the south basin can be directly discharged before limitation by TSS
levels. This corresponds to a maximum drawdown lake level of about 2.7 m
(from elevation 420.7 masl to 418.0 masl) in the north basin in Areas 2 to 5
without treatment.

AF

T

In the event that the water in Areas 6 and 7 (below elevation 418.0 m) cannot
meet direct discharge criteria, high TSS water will be treated through an in-line
treatment system when being pumped from Area 6 into the southeast edge of the
basin of Area 5. The in-line treatment system will inject water treatment agents
(e.g., a flocculent and coagulant) into the pipeline where they will mix with the
pumped water prior to the discharge to Area 5. A pervious breakwater dyke may
be constructed within the southern region of Area 5, to assist the settling of
treated water pumped from Areas 6 and 7. This dyke would form part of the
north-eastern edge of the West Mine Rock Pile (toe of the pile) and be
constructed of mine rock. The dyke would create a calm area to reduce any
impacts of northerly winds in the settling zone to enhance the settlement of
flocculated sediments. More specifically, if the wind direction aligns with the long
fetch from Area 3 and causes increased wave heights, the dyke would be
constructed to reduce the effect of the wind and limit waves. This settling area
would also contain flocculated sediments within the area that will eventually be
covered by the West Mine Rock Pile.

R

The north basin in Areas 3 to 5 will become the WMP during the early years of
mine operation. It is planned to discharge clean water from the basin to
Lake N11 while the water quality in the WMP meets discharge criteria. If water
quality in the WMP meets acceptable criteria after the initial lake dewatering, this
water may be used to supplement downstream flow mitigation to Area 8.

3.2.6.1.1 Wet Year Conditions

D

The following water management strategies were developed to manage the site
water under a wet precipitation year.


More water will be discharged to the outside environment during the
initial lake dewatering in Year -2, such that the water elevations in
Areas 1 to 7 will be similar to those anticipated for a mean precipitation
year.



More water will be discharged to the outside environment during the
early years of mine operation with annual discharge (Years -1 to 3),
such that the water elevations in Areas 1 to 7 will be similar to those
anticipated for a mean precipitation year.
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T

Additional water from a wet precipitation will be stored within the water
management system during years of mine operation without annual
discharge (Years 4 to 11). The water management system can
accommodate additional runoff for a 1 in 100 wet precipitation year
during the no-discharge period. If a wet precipitation year occurs the
water levels in the major ponds (e.g., Areas 3 and 5) will rise
approximately 0.3 m above the projected levels under mean
precipitation years. The dykes designed for the periphery of the WMP to
allow for Areas 3 and 5 with a maximum storage capacity of 18.8 Mm3
(i.e., storage elevation 422.7 masl within the WMP), which would allow
for WMP water level increases to 2.0 m above the current lake water
level during the mine operation.

Table 20

AF

Table 20 summarizes additional volumes of runoff water to be pumped or stored
under a wet precipitation year with return periods of 1 in 10 and 1 in 100 during
the three main periods of mine operation. The volumes were estimated
assuming that 90% of the incremental precipitation above the mean precipitation
contributes to the additional runoff in a wet year.

Estimated Additional Volumes of Runoff Water Under Wet Precipitation
Years
Total
Catchment
Area
2
[km ]

Period

24.93

2.24

5.05

19.43

1.75

3.94

18.17

1.64

3.68

18.17

1.64

3.68

R

Initial Lake Dewatering (Year -2)
Mine Operation with Annual
Discharge (Year -1)
Mine Operation with Annual
Discharge (Year 1 to Year 3)
Mine Operation with No Discharge
(Year 4 to Year 11)
2

Additional Volume of Runoff Water to be Discharged or
3
Stored beyond a Mean Precipitation Year [Mm ]
Under a 1 in 10 wet
Under a 1 in 100 wet
precipitation year
precipitation year

3

km = square kilometres; Mm = million cubic metres.

D

During the planned discharge period from Years -2 to 3, the discharge pumping
rates have been selected based on the projected water discharge volumes under
mean precipitation years. Under a wet precipitation year, more pumping time will
be required to discharge the extra volumes of the runoff water. The required
additional discharge times are estimated and presented in Table 21.
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Estimated Additional Time Required to Discharge Extra Runoff Water under
Wet Precipitation Years
Maximum Pumping Rate
Adopted for Discharging
Water from Area 3 to
Lake N11 under a Mean
Precipitation Year
3
[m /d]

Period

Initial Lake Dewatering
(Year -2)
Mine Operation with Annual
Discharge (Year -1)
Mine Operation with Annual
Discharge
(Year 1 to Year 3)

Additional Time Required to Discharge Extra Volume of
Runoff Water using Pumping Rate Adopted for
Discharging Water under a Mean Precipitation Year
(days)
Under a 1 in10 wet
Under a 1 in 100 wet
precipitation year
precipitation year

64,000

35

79

64,000

28

62

64,000

3

m /d = cubic metres per day.

T
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R

AF

Figure 13 presents the excess storage capacity with time in the water
management system including both the water storage areas and mined-out pits.
The design maximum normal operating water level for each of the components in
the system was used to estimate the extra storage capacity. The extra storage
capacity in the water management system is equal to or greater than 6.5 Mm3 in
Year -1 and 7 Mm3 from January of Year 1 to November of Year 10. These
capacities are enough to store the extra volume of runoff water from a 1 in 100
wet precipitation year, as listed in Table 21. At least 1 m of freeboard will be
maintained between the top of water retaining elements (liner or till core) and the
design maximum normal operating water level for each of the components in the
system. Therefore, additional water can be temporarily stored within the 1 m
freeboard zone in the system when needed under a remote flood event.
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3.2.6.1.2 No Discharge Case

T

Water management during mine operation requires annual water discharge from
Area 3 to Lake N11 during the early operations period after the initial lake
dewatering. In the unlikely case that water quality conditions in the WMP
(e.g., TDS levels increase at a much faster rate in the WMP than projected in the
EIS) trigger a management response to restrict discharge to Lake N11 during the
planned early operations; however, if this does occur discharge will cease and
the projected water levels in the water management system will subsequently
rise.

Projected Maximum Operating Water Elevations under No-Discharge
Sensitivity Cases

R

Table 22

AF

Table 22 summarizes the projected water elevations in Areas 2 to 7 for the base
case with annual discharge and two sensitivity cases with no-discharge for two
consecutive years and with no discharge in Year 3. Table 23 indicates that the
maximum projected water elevation under the two sensitivity cases is 422.3 masl
in Area 2, 422.0 masl in Areas 3 to 5, and 418.5 masl in Area 7. These values
are at least 0.4 m lower than maximum operation water elevation of 422.7 m in
the WMP used for top design elevations of the water containment elements in the
dykes around Areas 2 to 7 during the period. This suggests that the water
management system can accommodate additional water under an unlikely case
of no discharge for two consecutive years during the period. This two-year
timeframe would provide sufficient time to adjust the water management plan in
case of no discharge.

Projected Maximum Operating Water Elevation
under Mean Precipitation Years
[m]
Area 2
Areas 3 to 5
Area 6
Area 7

Period

Base Case: Planned Annual Discharge
Sensitivity Case 1: no Discharge after Initial
Lake Dewatering for Two Consecutive Years
(Year -1 and Year 1)
Sensitivity Case 2: Planned Annual Discharge
in Year -1 and Year 1 but no Discharge in
Year 2 and Year 3

Year -1 to Year 3

419.3

419.1

Dry

415.0

Year -1 to Year 1

420.4

420.3

Dry

418.5

Year 2 to Year 3

422.3

422.0

Dry

418.5

D

Case

m = metre.

The following contingency strategies can be applied to manage the mine water in
the event water cannot be discharged from the WMP during operation:


An excess water storage capacity has been incorporated into the water
management system during mine operation for the current water
management plan as shown in Table 22. The excess capacity varies
depending on the water levels in several basins in the water
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management system and the timing of the mined-out open pits
becoming available for water storage. This option would be the first
option to be considered under the upset situation when water cannot be
discharged from the WMP during operations.
Note that the ultimate water storage capacity of the water management
system for the current water management plan was determined based
on a conservative assumption that water from the WMP will be
discharged to the outside environment only during the early mine
operation period (to Year 3).
Discharge can be carried out during different periods of the year when
water quality may be better, i.e., during periods when ice cover is on the
lake, or during freshet conditions.



Separate the water sources based on water quality, sequester poor
quality water (e.g., pit water) in an isolated water management pond or
a mined-out pit, and discharge the better quality water (e.g., natural
runoff water) when its water quality meets discharge criteria.

AF

T



Maximize the use of poor quality water (e.g., pit water) as process
make-up water. A portion of the water will be locked in the fine PK within
or the mined-out pit, therefore, the overall water quality in the WMP
could be improved.



Remove suspended solids with a combination of flocculants and a
settling pond processes to meet discharge criteria. For example, a filter
dyke can be constructed if necessary inside of Area 7 to separate
Area 7 into two cells - one cell for settling and another for clean water
discharge.

R



Further increase the overall water storage capacity of the water
management system by raising dykes. This option will provide additional
water storage capacity in the water management system.



Install a water treatment plant to deal with specific water quality
parameters of concern.

D



3.2.6.2

Contingency Measures for Water Quality Issues During
Closure
Water quality will be monitored throughout the life of mine and into closure within,
and outside of, the controlled area through the SNP and the AEMP to identify
future risks and deal with potential issues well in advance during mine operations
and closure before Kennady Lake is fully restored. During closure, the rate of
refilling of Kennady Lake is controlled by the pumping of water from N11 and by
water flowing into Kennady Lake after the removal of Dykes E, F, and G.
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The following contingency measures can be applied in response to the triggering
of action levels associated with potential water quality issues during closure and
post closure:
If a specific water quality issue is identified during mine operation, the
overall water and mine waste management plans will be modified to
mitigate the issue.



If a risk is identified during early mine closure, the closure and refilling
plan can be adjusted accordingly. For example, breaching of Dykes E,
F, and G can be delayed and refilling pumping from Lake N11 may be
reduced or ceased to allow a longer closure period to address the
potential water quality issue before the water level in the controlled
basin is raised to its original lake elevation of 420.7 masl.



Identify the key sources of the poor quality water and develop specific
plans to improve the water quality.

AF

T



In an unlikely case that the water quality cannot meet discharge criteria listed in
the Type A Water Licence after the water level in the controlled area continues to
rise towards the original lake elevation of 420.7 masl, the following measures can
be applied:
Delay or constrict the flow rate after breaching of Dykes E, F, and G.
Reduce or cease the supplemental pumping from Lake N11 during
refilling, to allow a longer closure period.



Isolate the basin with poor quality water from the area where the water
quality can meet discharge criteria. This will allow early restoration of a
portion of the refilled Kennady Lake.



Raise the containment dykes to store the poor quality water until the
water quality meets discharge criteria.



Treat the poor quality water zone.

D

R



3.3

SITE WATER SYSTEM

3.3.1

Raw Water and Fire Suppression
The key objective of the raw water and fire suppression water supply system is to
reliably provide the quantities of water adequate to satisfy requirements of the
potable water treatment plant and fire suppression systems.
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Fresh water for potable consumption will be drawn from Area 8. About
60,000 m3/y of fresh water will be required for potable water during construction.
During operations, with a smaller workforce, the potable water required will
decrease to about 27,000 m3/y.
Fresh water will be used for:
potable water supply; and



fire suppression.

T



AF

The freshwater intake and pump house will be located on the north western
shore of Area 8 (Figure 3). The intake will consist of vertical filtration wells fitted
with vertical turbine pumps that supply water on demand. The intake will be
connected to the pump house with piping buried under a rockfill embankment.
The embankment will act as a secondary screen to prevent fish from becoming
entrained. The screens will be consistent the DFO freshwater intake screen
guidelines. Fresh water will be pumped through an overland pipeline to the
freshwater storage tank in the accommodations complex, and will be chlorinated
before distribution as potable water. The freshwater pipe will be insulated and
heat traced.

R

Potable water will be monitored according to the NWT health regulations for total
and residual chlorine and microbiological parameters. Treated water will be piped
to areas in the process plant and truck shop requiring potable water and to the
accommodations and service complexes. Insulated pipes will distribute water
through the utilidors between the plant, service complex, and the camp. Potable
water will be trucked to washrooms in satellite areas as needed.

D

Water for additional plant site fire suppression capacity will be pumped from the
process plant storage tank through a pressurized system to adjacent areas of the
plant, and to the accommodations and service complexes, the power plant and
the utilidors. The volume of water and duration of flow in the pressurized system
will be standardized to national fire codes. An adequate volume of water will be
maintained in the tank for availability in the event of a fire.

3.3.1.1

Control and Monitoring
The raw water and fire suppression water system is a pumped system and flow
rates can be controlled by pumps and valves. Operational procedures for raw
water and fire suppression water withdrawal are described by the mine Safety,
Health, and Environmental Operational Procedure. Water volumes withdrawn
from Area 8 will be recorded by a flow meter inside the pump house. The meter
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will be read every morning and entered into a tracking spreadsheet by the Utility
Operator.
The recommended calibration interval for the flow meter is five years or sooner if
it is suspected to be in error. Water quality and quantity parameters will be
monitored.

Contingency Measures

T

3.3.1.2

AF

The Mine includes pipelines for conveyance of many flows, including raw water
and fire suppression water supply. The contingency procedures outlined below
also apply to pipelines used to convey potable water, raw and treated STP
effluent effluents, and raw and treated mine water. A line break or malfunction in
any of these pipelines could be caused by:


collisions with construction equipment;



internal corrosion;



uneven settlement along the line (frost or permafrost heave);



poor materials or workmanship during installation; and



heat trace failures on the lines.

R

Spills from pipelines can be prevented by implementing the following
precautions:
marking the locations of all overhead or buried lines;



ensuring personnel are aware of all buried and overhead lines in their
work areas;



monitoring the flows and pressures in the lines;



inspecting, maintaining and repairing the lines and related pumps, etc.;



using cathodic protection systems for metal lines; and



monitoring of heat trace controls.

D



The mine operational response plan for a pipeline failure will be to:


shut down the line;



identify the product spilled and initiate appropriate response;



refer to the Emergency Response Plan (De Beers 2013e) and Spill
Contingency Plan (De Beers 2013f);
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repair or replace the line;



reconnect and test the line; and



resume operations.
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Potable Water

T

The objective of the potable water system is to provide safe drinking water for
personnel in the camp and the Mine.

AF

Water will be supplied to the potable water treatment plant from the fresh water
storage tank. Potable water for domestic use will be piped to users, as described
by flow path. Potable water for industrial use will be piped to the Mine via
pipeline.

R

Raw water will be pumped from Area 8 by overland pipeline to the potable water
treatment plant. Water will be treated with ultra-violet light and chlorination
disinfection, and stored in a storage tank in the potable water treatment plant.
Treated water will be piped to areas in the Process Plant requiring potable water
and to the Accommodations and Service Complex. Insulated and heat-traced
pipes will be used to distribute water through utilidors between the plants, service
complex, and camp. Potable water will be trucked to washrooms in the
underground mine as required.

Control and Monitoring
The potable water system is a pumped system and flow rates will controlled by
pumps and valves. Operational procedures for the potable water treatment plant
are described in the Mine Safety, Health, and Environmental Operational
Procedure. The flow meter will be read each morning, and entered into a tracking
spreadsheet by the Utility Operator. The recommended calibration interval for the
flow meter is five years or sooner if it is suspected to be in error.

D

3.3.2.1

Water pumping to the plant and Service Building will be sampled and tested for
free residual chlorine and recorded. Residual chlorine levels will be tested in the
camp every day and recorded. Additional samples will be collected on a weekly
basis and sent to the Stanton Regional Hospital – Public Health Department for
bacteriological testing.
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Potable and raw water will be sampled annually to ensure that it meets
Northwest Territories health regulations for total metals, nutrients, major ions,
and bacteriological parameters.

3.3.2.2

Contingency Measures

T

If concentrations of the monitored parameters within the potable water are found
to be outside of designated limits, maintenance will be notified immediately. The
contingency measures for pipelines, as described in Section 3.3.1, also apply to
the potable water distribution pipelines.

3.3.3

Sewage Water Management

Table 23

AF

The objective of the sewage treatment plant (STP) is to treat sewage to an
acceptable level for discharge to the water management pond either directly or
indirectly through the fine PK slurry pipeline. The effluent performance criteria for
the STP will meet the NWT Water Board Municipal Wastewater Effluent Water
Quality Guidelines for lakes (NWT Water Board 1992; and shown in Table 23).
Additional information pertaining to sewage water management is provided in the
Hazardous Materials and Waste Management Plan (De Beers 2013h) and Nonhazardous Solid Waste Management Plan (De Beers 2013g).

432+100 Person Occupancy Sewage Treatment Plant Performance Criteria

Design Parameter

Effluent Value

3

<10 mg/L
<10 mg/L
<3 mg/L
0.1 mg/L (total)
10 CFU/100 mL
6.5 to 8.5
<0.1 mg/L

96 m /day
3
150 m /day
<650 mg/L
450 mg/L
<35 mg/L
20°C (max)
10°C (average)
-

D

R

Average Daily Flow
Maximum Daily Flow
BODs
TSS
Fats, Oils and Grease
In flow temperature
In flow temperature
Residual Chlorine
Fecal Coliforms
pH
Total Phosphorus

Influent Value

3

m /d = cubic metres per day; TSS = total suspended solids; BOD5 = biochemical oxygen demand; < = less than; mg/L =
milligrams per litre; max = maximum; CFU/100 mL = coliform-forming units per one hundred millilitres.

A modular STP to handle a peak load of 432 people will be provided as part of
initial construction. The treatment plant equipment will be installed in insulated
ISO containers placed on a gravel pad adjacent to the camp. The sewage
treatment plant include phosphorus removal as part of an overall water
management strategy to meet the required discharge criteria, including the
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Northwest Territories Water Board’s Guidelines for the Discharge of Treated
Municipal Wastewater in the Northwest Territories (NWT Water Board 1992).
Treated effluent will be discharged to Area 3 of Kennady Lake initially and early
during operations, added to the fine PK slurry pipeline.

3.3.3.1

Control and Monitoring

T

Effluent from the STP will be tested regularly prior to mixing with other waters or
fine tailings and will be reported in the Annual Waste Management Plan Report.

AF

Visual inspection of the STP will be carried out daily and effluent quality and
quantity parameters will be monitored according to the water license
requirements. Dedicated on-site personnel will be trained, and will operate the
sewage treatment system to ensure that the plant is monitored on a consistent
basis and to allow operations to respond to non-compliance conditions in a timely
manner. Mitigation and response measures may include:
Adjustment of the system operation based on needs or monitoring
results, with consultation with the manufacturer’s technical expert.



Uprate on-site measurements of dissolved oxygen, TSS, temperature
and turbidity, including additional sample collection for laboratory
analysis, if monitoring monthly sampling data identify non-compliance
trends, until effluent quality is satisfactory. The sampling frequency will
be based upon the nature and severity of the problem.

R



Bring a technical representative to site to assist the operations group if
the non-compliance trend continues whereby the operators are unable
to bring the plant back on line within a timely manner.



In agreement with the manufacturer, technical assistance from the
manufacturer will be available on a 24-hour, 7 day a week basis.



Mobilize technical assistance and equipment from the manufacturer to
site on 24-hour notice should repair, replacement or adjustments be
necessary.



Maintain availability of spare parts for certain system components on
site in case of equipment failure.

D



3.3.3.2

Contingency Measures
System failures and/or spills may occur due to pipe blockage, electrical power
outage, equipment malfunctions, operator error, or foreign material in the influent
that cannot be processed by the sequencing batch reactor (SBR).
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At such times, raw or partially treated sewage may be discharged to the WMP or
the adjacent wetland. Spills of partially treated or untreated sewage that occur
inside the plant would be responded to by:
referring to the Emergency Response Plan (De Beers 2013e) and Spill
Contingency Plan (De Beers 2013f);



removing spilled materials (spills of untreated waste will be contained
using a vacuum truck and necessary spill cleanup materials and
rerouted to the front end of the system);



spreading hydrated lime over the area (site sanitation);



treating recovered sewage and any materials contaminated with sewage
by incineration; and



decontaminating workers.

AF

T



D

R

Regular inspections of the STP inflow and outfall pipelines are undertaken by
Maintenance. The contingency measures for pipelines, as described in
Section 3.3.1, also apply to the pipelines used to convey raw and treated
sewage.
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ACRONYMS AND GLOSSARY

5.1

ACRONYMS AND ABBREVIATIONS
Aquatic Effects Monitoring Program

BOD

biochemical oxygen demand

CP

collection pond

De Beers

De Beers Canada Inc.

EIR

Environmental Impact Review

EIS

Environmental Impact Statement

Mine

Gahcho Kué Diamond Mine

MVEIRB

Mackenzie Valley Environmental Impact Review Board

NWT
PK
PKC
Plan
SBR
SNP
SSWQO

Mackenzie Valley Land and Water Board

Northwest Territories
processed kimberlite

processed kimberlite containment

Water Management Plan

sequencing batch reactor

Surveillance Network Program

site specific water quality objectives
sewage treatment plant

R

STP

AF

MVLWB

T

AEMP
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total dissolved solids

TSS

total suspended solids

Water License

Class A Water License

WMP

water management pond

D

TDS
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UNITS OF MEASURE
colony forming units per 100 millilitres

km

kilometre
2

km

square kilometres

m

metre
cubic metre

3

cubic metre per day

3

cubic metre per second

3

m /y

cubic metre per year

masl

metres above sea level

mg/L

milligram per litre

m

m /d
m /s

3

Mm

3

Mm /d
3

Mm /y

AF

2

T

CFU/100 mL

million cubic metres

million cubic metres per day

million cubic metres per year
million tonnes

D

R

Mt
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GLOSSARY
Water flows that must be treated before discharge to the receiving
environment

Fine processed kimberlite

Fine processed kimberlite material with a particle size that smaller
than 0.25 mm.

Freshet period

A thaw event resulting from melting snow and ice on rivers.

Groundwater

Water that is passing through or standing in the soil and the
underlying strata in the zone of saturation. It is free to move by
gravity.

Groundwater discharge

Release of groundwater from a subsurface zone of saturation.

Inflow

Water flowing into a lake.

Outflow

Water flowing out of a lake.

Pipes/kimberlite pipes

Typically vertical structures of volcanic rock in the Earth’s crust
that can contain diamonds.

Mine

De Beers Gahcho Kué Diamond Mine

AF

Mine rock

T

Effluent

Mine water system

Rock that has no economic value that will be encountered during
construction and operation of the Mine
All systems and facilities related to the management and
treatment of mine water

Potentially acid generating Rock with a total sulphur content greater than 0.1 percent as
weight (%wt) as determined by static geochemical tests.
(PAG)
The material that remains after all economically and technically
recoverable diamonds have been removed from the kimberlite
during processing.

R

Processed kimberlite (PK)

Man-made impoundment structure required to contain processed
kimberlite slurry. Processed Kimberlite Containment are enclosed
dykes made with granite rock and overburden materials,
constructed to stringent geotechnical standards.

Process water

Any water needed to run the ore processing plant and dust control

Potable water

Water suitable for drinking or human consumption

Sewage

Waste form human consumption

Runoff

The portion of water from rain and snow that flows over land to
streams, ponds or other surface waterbodies. It is the portion of
water from precipitation that does not infiltrate into the ground, or
evaporate.

Site water system

All systems and facilities related to process water, potable water,
sewage treatment, and runoff management

Water balance

A method for describing inflows and outflows to and within a
facility or system

Watershed

The area drained by a river or stream.

D

Processed Kimberlite
Containment (PKC)
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