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PLAIN LANGUAGE SUMMARY
De Beers Canada Inc. (De Beers) is approved to build the Gahcho Kué Diamond Mine
(Mine) in the Northwest Territories (NWT). The mine will develop three open pits during its
operation. The three pits, called Hearne, 5034, and Tuzo pits, will be mined in sequence,
and will be up to 1,000 metres (m) wide and 360 m deep.
During mining, groundwater will flow into the open pits. This water is naturally high in total
dissolved solids and so cannot be directly discharged out of the active mine site. This water
will be used in the process plant, or collected on-site in the water management plan until it
can be pumped to a mined-out pit. Water management during mine operations will involve
a variety of activities, which includes managing groundwater from the open pits, as well as
surface water and precipitation.
Water volumes entering the open pits from groundwater inflows are estimated to range
from a minimum of about 650,795 cubic metres per year (m3/yr) during Year 1 to about
1,472,775 m3/yr in Year 5. The average annual groundwater inflow volume during
operations (i.e., Years 1 to 12) is estimated to be 966,885 m3/y. Backfilling activities, with
mine rock and processed kimberlite, and refilling with water, will reduce hydraulic gradients
in the pits and subsequent groundwater inflows.
This Groundwater Monitoring Program is designed to provide information that will allow De
Beers to assess the quantity and quality of inflows to the open pits and pit seepages to
effectively manage mine water during the operation of the mine. The 5034, Hearne, and
Tuzo open pits are the primary study areas for the Groundwater Monitoring Program as
the inflow to these open pits will be the dominant source of groundwater to the water
management system.

De Beers Canada Inc.

Gahcho Kué Mine
Groundwater Monitoring Program

- ii -

March 2018
Version 4

REVISION HISTORY
Version

Date

Version 1

November 2013

Version 2

March 2015

Version 3

May 2015

Version 3.1

June 2015

Version 4

February 2018

Notes/Revisions
Submitted with Water Licence and Land Use Permit application to
the Mackenzie Valley Land and Water Board (MVLWB). Developed
to assess the quantity and quality of inflows to the open pits and pit
seepages to effectively manage mine water during the operation of
the mine.
Updated action levels for groundwater monitoring as required
under the Type A Water Licence MV2005L2-0015. Added
commitment table, a revision history table, updated the introduction
to reflect the full list of activities at the Gahcho Kué Mine, and
updated references to other monitoring programs and management
plans resubmitted in 2014 and January 2015.
Updated to address Government of the Northwest Territories and
MVLWB staff comments on Version 2 of the Groundwater
Monitoring Program, De Beers 2015a).
Updated to address Government of the Northwest Territories
comment on Version 3 of the Groundwater Monitoring Program.
Updated to align with the 2018 Updated Project Description in
support the Type A Water Licence Amendment Application
(MV2005L2-0015) for the Mine. This document reflects changes in
the groundwater model predictions based on verified site data as
well as modifications to the mine plan.

De Beers Canada Inc.

Gahcho Kué Mine
Groundwater Monitoring Program

- iii -

March 2018
Version 4

TABLE OF CONTENTS
SECTION

PAGE

1

INTRODUCTION .................................................................................................................................... 1
1.1
BACKGROUND............................................................................................................................ 1
1.2
COMMITMENTS SUMMARY AND CONDITIONS FOR THE WATER LICENCE (MC2005L20015) ............................................................................................................................................ 4

2

SITE HYDROGEOLOGY ...................................................................................................................... 13
2.1
HYDROGEOLOGIC SETTING .................................................................................................. 13
2.2
WATER MANAGEMENT ........................................................................................................... 17
2.3
RELATED DOCUMENTS .......................................................................................................... 17

3

MONITORING WELLS – BASELINE CHARACTERIZATION ............................................................. 18

4

STUDY DESIGN ................................................................................................................................... 23
4.1
FIELD METHODS ...................................................................................................................... 23
4.1.1
Open Pit Groundwater Monitoring .............................................................................. 23
4.1.2
Open Pit Seepage Survey .......................................................................................... 26
4.2
DATA COMPILATION ................................................................................................................ 27
4.3
GROUNDWATER MODEL UPDATES ...................................................................................... 27

5

GROUNDWATER MANAGEMENT ...................................................................................................... 29
5.1
OPEN PIT WATER .................................................................................................................... 29

6

QUALITY ASSURANCE/QUALITY CONTROL PROCEDURES ......................................................... 30
6.1
QUALITY ASSURANCE ............................................................................................................ 30
6.1.1
Field Staff Training and Operations ............................................................................ 30
6.1.2
Laboratory................................................................................................................... 30
6.1.3
Office Operations ........................................................................................................ 31
6.2
QUALITY CONTROL ................................................................................................................. 31

7

RESPONSE FRAMEWORK ................................................................................................................. 34

8

REPORTING ........................................................................................................................................ 38

9

REFERENCES ..................................................................................................................................... 39

10 ACRONYMS AND GLOSSARY ........................................................................................................... 41
10.1 ACRONYMS AND ABBREVIATIONS ........................................................................................ 41
10.2 UNITS OF MEASURE ................................................................................................................ 42
10.3 GLOSSARY................................................................................................................................ 43

LIST OF TABLES
Table 1
Table 2
Table 3
Table 4
Table 5
Table 6

Summary of Commitments and Conditions for the Type A Water Licence
(MV2005L2-0015) for the Groundwater Monitoring Program .............................................. 6
Zone Depths for MPV-05-236C .......................................................................................... 20
Zone Depths for MPV-05-238C .......................................................................................... 20
Zone Depths for MPV-05-239C, Corrected for Angle ........................................................ 21
Zone Depths for MPV-05-240C, Corrected for Angle ........................................................ 21
Low Action Levels Associated with the Groundwater Monitoring Program ....................... 37

De Beers Canada Inc.

Gahcho Kué Mine
Groundwater Monitoring Program

- iv -

March 2018
Version 4

LIST OF FIGURES
Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6

Location of the Gahcho Kué Mine ........................................................................................ 2
Mine Footprint ...................................................................................................................... 5
Conceptual Model of Groundwater Flow in the Kennady Lake Area - Pre-Mining ............ 14
Conceptual Model of Groundwater Flow – Cross-section View Pre-Mining ...................... 15
Conceptual Model of Groundwater Flow – Cross-section View Mining ............................. 16
Groundwater Sampling Locations ...................................................................................... 19

De Beers Canada Inc.

Gahcho Kué Mine
Groundwater Monitoring Program

1

INTRODUCTION

1.1

BACKGROUND

-1-

March 2018
Version 4

De Beers Canada Inc. (De Beers) began open pit mining, milling, and associated activities
at the Gahcho Kué Mine (Mine) in September 2016. It is located approximately
280 kilometres (km) northeast of Yellowknife, and approximately 80 km southeast of the
Snap Lake Mine (Figure 1; centered at 63°25’48” N, 109°12’00” W). The three phases of
the life of mine include construction (2 years), operations (12 years), and closure (19+
years). Activities at the Mine include:
•

dykes and berms to facilitate the dewatering of Kennady Lake;

•

open pit mining of the 5034, Hearne, and Tuzo kimberlite pipes;

•

milling facilities and infrastructure;

•

ore and low grade ore stockpiles;

•

a Fine Processed Kimberlite Containment Facility;

•

a Coarse Processed Kimberlite Containment Facility;

•

a West Mine Rock Pile;

•

a South Mine Rock Pile;

•

deposition of kimberlite and waste rock into the open pits;

•

quarrying;

•

the existing exploration camp, winter access spur road camp, and a mining camp;

•

fuel, lubricant, and glycol storage facilities and laydown areas;

•

explosives storage facilities and use of explosives;

•

a landfarm;

•

construction and operation of the winter access road;

•

site facilities and infrastructure including but not limited to the water supply facility,
sewage treatment plant, pipelines, incinerator, site roads, all-season airstrip and
apron, power plant, electrical distribution, and material storage, and sorting
facilities; and

•

use of equipment, vehicles and machines.

Further details on Mine activities are provided in the 2018 Updated Project Description
(Attachment 1 of the 2018 Water Licence Amendment Application).
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The Groundwater Monitoring Program is a supporting document to the Type A Water
License MV2005L2-0015 and Land Use Permit MV2005C0032 applications submitted to
the Mackenzie Valley Land and Water Board (MVLWB).
This Groundwater Monitoring Program has been designed to provide information that will
allow De Beers to assess the quantity and quality of inflows to the open pits and pit
seepages to effectively manage mine water during the operation of the mine. Inflow to the
three open pits (i.e., 5034, Hearne, and Tuzo; Figure 2) will be the dominant source of
groundwater to the Mine. The 5034, Hearne, and Tuzo open pits, therefore, are the primary
study areas for the Groundwater Monitoring Program.
The objectives of the Groundwater Monitoring Program are:
•

undertake groundwater quantity and quality monitoring of total inflow to each of
the open pits during pit development to compare to predicted values;

•

conduct hydrogeological seepage surveys of seeps to the open pits to assess the
distribution of groundwater inflows in the pit walls and confirm or update the
conceptual groundwater flow model developed for the Mine, if required; and

•

assess chemistry and the quantity of the open pit seepage and confirm or update
the hydrogeologic model of the site developed for the Mine, if required.

Groundwater monitoring data will be compiled and evaluated to:
•

assess on-going effects of pit development on groundwater movement and
groundwater quality;

•

predict long-term groundwater movement and groundwater quality of pit inflows;
and

•

provide options for adaptive management of pit inflows and groundwater water
quality if they fall outside of Water Licence amendment predictions.

The structure of this monitoring program is as follows: Section 2 describes the site
hydrogeology and Section 3 provides baseline information from pre-existing site monitoring
wells. The monitoring program study design is provided in Section 4. Groundwater
management is described in Section 5, whereas procedures for quality assurance and
quality control (QA/QC) are described in Section 6. Section 7 describes the response
framework. Section 8 describes reporting associated with groundwater monitoring.
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COMMITMENTS SUMMARY AND CONDITIONS FOR THE
WATER LICENCE (MC2005L2-0015)
The Groundwater Monitoring Program serves to meet the requirement of the commitment
table below (Table 1). The commitment table also indicates where these requirements are
addressed in this Program.
On August 11, 2014 the Mackenzie Valley Land and Water Board (MVLWB) issued the
Type A Land Use Permit (MV2005C0032) and Water Licence (MV2005L2-0015) on
September 24, 2014.
This Groundwater Monitoring Program has been updated since the approval of the Water
Licence MV2005L2-0015, based on engagement with regulators, Aboriginal Parties, and
comments received during the MVLWB public review process. This version is reflective of
the conditions defined in the Water Licence MV2005L2-0015, commitments made during
the permitting process, and changes associated with the 2018 Updated Project Description
submitted in support of the Water Licence Amendment Application. Modifications to the pit
development plan and schedule, as well as analysis of the verified inflow data from site
during the first year of operations have resulted in updates to the groundwater inflow and
quality projections. A summary of commitments and conditions in the Water Licence
MV2005L2-0015 are provided in Table 1.
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program
Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)

Commitment

Reference Document

The AEMP will incorporate the key components of the measurements endpoints presented in the EIS in its development.
The AEMP will have an overall study design that will be developed according to currently accepted statistical design
principles and regulatory guidance and will include hydrology, water quality (effluent and receiving water) and sediment
quality components, components focused on lower trophic communities (i.e., plankton, periphyton, and benthic
invertebrates), and fish and fish habitat. A groundwater monitoring program and habitat compensation monitoring will also
be included as components of the overall aquatic ecosystem monitoring. The development of the AEMP will involve
regulatory and aboriginal input, as well as consideration of available TK, and allow for adaptive management.

Gahcho Kué Project
Updated Commitment List
(De Beers 2014a)

Entire Groundwater
Monitoring Program

De Beers will include uranium, thorium, and possibly radium 226, in the suite of monitoring parameters, developed for the
groundwater quality monitoring program.

Gahcho Kué Project
Updated Commitment List
(De Beers 2014a)

Entire Groundwater
Monitoring Program

De Beers is committed to complete monitoring and testing using standard field and laboratory procedures during the
Project operation to evaluate groundwater quantity and quality. Where necessary, the water quality and quantity input
profiles assigned to the loadings for groundwater will be revised and Project effects will be re-assessed, as appropriate.
Where required, adaptive management strategies will be adopted.

Gahcho Kué Project
Updated Commitment List
(De Beers 2014a)

Entire Groundwater
Monitoring Program

Groundwater monitoring data will be compiled and evaluated to assess both on-going and long-term effects of pit
development on localized groundwater movement and groundwater quality.

Groundwater Monitoring
Program

Section 4

De Beers will monitor two types of groundwater inflow: open pit and open pit seeps.

Groundwater Monitoring
Program

Section 4.1

The sampling locations in the pits will be a component of the Surveillance Network Program (SNP; e.g., Stations SNP 0108 to 10; refer to Annex A of the Water Licence).

Groundwater Monitoring
Program

Section 4.1

The discharge from each of the open pit sumps will be routinely sampled for the following list of parameters:
• Field measurements
• Groundwater chemistry
• Radionuclides

Groundwater Monitoring
Program

Section 4.1

Seepage surveys will be conducted twice during the first year of mining in each open pit and once a year in each pit
thereafter.

Groundwater Monitoring
Program

Section 4.1

The Groundwater Monitoring Program will be updated, if required, based on any changes to the Updated Project
Description (Attachment 1 of the 2018 Water Licence Amendment Application), and lessons learned as the Mine
advances.

Groundwater Monitoring
Program

Section 8
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program (continued)
Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)

Commitment

Reference Document

ENR recommends that the Board explicitly require an Adaptive Management Response Plan for the mine. The plan should
include overarching framework as well as action levels from other specific management plans, such as: Geochemistry
Monitoring Plan, Dewatering Monitoring Plan, Groundwater Monitoring Plan, Air Quality Monitoring Plan, Wildlife Effects
Monitoring Plan, Wildlife and Wildlife Habitat Protection Plan, Explosive Management Plan, Erosion and Sediment
Management Plan, etc.

Gahcho Kué Responses to
Interventions to Water
Licence Application
MV2005L2-0015 & Land
Use Permit Application
MV2005C0032 (De Beers
2014b, ENR_33)

Section 7
Intervention Response
ENR_33, DKFN_2

Recommendation EC_3.3: With respect to water quality, EC recommends the establishment of (1) pre-defined action
levels or triggers and (2) pre-defined preliminary alternative monitoring, mitigation or management actions. EC agrees
with AANDC’s response to Commitment 20 and recommends the adoption of AANDC’s recommendations. Specifically,
EC recommends the establishment of monitoring and action levels / triggers as for the following management plans or
subsections within management plans:
• Aquatic Effects Monitoring Plan
• Groundwater Monitoring Plan (notably flow levels)
• Seepage from Waste Rock Piles Seepage quality from PKC Facility
• Sediment and Erosion Management Plan
• Dyke Construction and Management Plan
• Kennady Lake Reconnection EC concurs with the Gahcho Kué Panel that the information provided in the monitoring
and adaptive management plans should demonstrate how the monitoring results will inform management actions such
as changes in mitigation designs, policies and practices; in particular, when such changes will be required and how
they will be implemented in a timely manner. EC recommends that these details are established during the licensing
process.

Gahcho Kué Responses to
Interventions to Water
Licence Application
MV2005L2-0015 & Land
Use Permit Application
MV2005C0032 (De Beers
2014b, EC-3.3)

Section 7
Intervention Responses
EC_3.3, DKFN_2

De Beers response to AANDC Comment 21 following their review of the Type A Water Licence application, suggested
monitoring trigger values based on daily pumping rates from the active mined pits (an indicator of groundwater inflows
during mining) that will be incorporated into the revised Groundwater Monitoring Plan. Groundwater inflow quantity is the
more sensitive parameter for the Water Management Plan.

Gahcho Kué Responses to
Interventions to Water
Licence Application
MV2005L2-0015 & Land
Use Permit Application
MV2005C0032 (De Beers
2014b, EC-3.3)

Intervention response
EC_3.3

Considered developing action levels or triggers, or even collecting saline groundwater inputs from active pits and diverting
them deliberately into the unactive (sic) pits to improve that as you go, which of course would keep the saline water out
of the water management pond and less need to discharge it to the external environment. And, of course, it would also
promote your meromixis.

Public Hearing Day 1
Transcripts (May 6, 2014)
page 167 to 168

Section 7
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program (continued)

Commitment

Reference Document

Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)

So as noted, we recommend the establishment of pre-defined action levels or triggers and pre-defined alternative
monitoring, mitigation, or management actions. We noted yesterday that this could fit as subsections of plans as
appropriate. This could feed into the Aquatic Effects Monitoring Plan; the Groundwater Monitoring Plan, notably on the
inflow levels; on the seepage monitoring and management, on the seepage quality, Sediment and Erosion Management
Plans, Dike Construction and Management Plans, and on the water quality and Kennady Lake reconnection.

Public Hearing Day 2
Transcripts (May 7, 2014)
page 28 to 29

Section 7

Within six (6) months following issuance of this Licence, the Licensee shall submit a Groundwater Monitoring Program
to the Board for approval. The Program shall meet the objectives listed in Part G, item 1, and satisfy the requirements of
Schedule 5, item 4. The Program shall address the Construction and Operational phases of the Project.

Water Licence MV2005L20015

Entire Groundwater
Monitoring Program

A summary of activities conducted in accordance with the approved Groundwater Monitoring Program, required in Part
G, item 6 of this Licence, undertaken during the previous calendar year, including:
i. A summary and interpretation of monitoring results, including an evaluation of trends in Open Pit inflow quantity and
quality;
ii. A comparison of monitoring results to predictions of Open Pit inflow quantity and quality, with an explanation for any
significant differences;
iii. A description of any updates to predictions;
iv. An assessment of the effects of Open Pit development on Groundwater movement and quality;
v. A summary of any Action Level exceedances under the Groundwater Monitoring Program; and
vi. A description of actions taken in response to Action Level exceedances.

Water Licence MV2005L20015

Section 8

Final Detailed Construction Plans referred to in Part E, item 11 of this Licence shall include, but not be limited to, the
following information:
a) A description of the facilities to be constructed, including proposed locations;
b) Relevant background information, including the data from geotechnical investigations, the results of programs to
characterize soil, rock, Groundwater, ground ice, and ground temperature conditions to the depth expected to be affected
by the proposed facilities, beneath the footprint of all containment and runoff control structures, as deemed adequate by
the Professional Engineer responsible for the design.

Water Licence MV2005L20015

Section 2
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program (continued)

Commitment

Reference Document

The Groundwater Monitoring Program referred to in Part G, item 6 of this Licence shall include, but not be limited to
the following information:
a) Information regarding monitoring activities:
i. Description of the site hydrogeology and a summary of baseline monitoring information;
ii. Groundwater flow diagrams illustrating the distribution and movement of Groundwater;
iii. A description of the monitoring of quality and quantity of total inflow into the Open Pits; and
iv. A description of the Seepage surveys that will be conducted in the Open Pits during mining, flooding, and backfilling;
b) Information about monitoring results:
i. A description of how the results of the Open Pit inflow monitoring and Seepage survey results will be compared to pit
inflow quality and quantity predictions, the Groundwater flow model, and the hydrogeological model for the site and
used to update predictions as required; and
ii. A description of how the results of the Open Pit inflow monitoring and Seepage survey results will be used to assess
the effects of pit development on Groundwater movement and quality;

Water Licence MV2005L20015

Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)
a) Sections 2, 3 and 4
b) Section 7
c) Sections 7 and 8

MV2005L2-0015 – De Beers Canada Inc. – Gahcho Kué Page 40 of 66
c) Information about responses to monitoring results:
i. A description of how the Licensee will link the results of monitoring to those corrective actions necessary to ensure
that the objective listed in Part G, item 1 of this Licence is met. This description shall include:
a. Definitions, with rationale, for Action Levels applicable to quantity and quality of Open Pit inflows; and
b. For each Action Level, a description of how exceedances of the Action Level will be assessed and generally,
which types of actions will be taken for the Action Level exceeded.
ii. Action level exceedances and actions taken during the year shall be reported in the Annual Water Licence Report as
per Part B, item 10 of this Licence and Schedule 1, item 1.
Groundwater Monitoring Program (Version 2) Party Review Recommendations Reponses (submitted to MVLWB May 6, 2015)
ENR recommends the document should include a discussion regarding how greater than impacted groundwater inflows
could influence minewater management.

De Beers Canada Inc.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
GNWT 1

Section 4.1.1.1

Gahcho Kué Mine
Groundwater Monitoring Program
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program (continued)
Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)

Commitment

Reference Document

ENR recommends DeBeers provide additional information supporting the selection of the low action level criteria for
groundwater inflow.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
GNWT 2

Section 7

ENR recommends DeBeers include a discussion regarding how long term effects will be identified.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
GNWT 3

Section 7

ENR recommends DeBeers provide additional information supporting the selection of the low action level criteria for
groundwater quality.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
GNWT 4

Section 7

ENR recommends DeBeers include a discussion regarding how long term effects in groundwater quality will be identified.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
GNWT 5

Section 7

Please indicate whether the annual groundwater monitoring report will be submitted as part of, or attached to, the Annual
Water Licence Report to meet the requirements of Schedule 1, Item 1(g) of WL MV2005L2-0015). If the annual
groundwater monitoring report will be submitted separately, please indicate the annual submission date for this report.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
MVLWB 1

Section 8

De Beers Canada Inc.
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program (continued)
Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)

Commitment

Reference Document

Please note that monitoring frequencies for the open pits are described in the SNP attached to WL MV2005L2-0015.
Changes to these frequencies must be approved by the Board.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
MVLWB 2

Section 4.1.1.1,
Section 4.1.4

This Plan should indicate where corrective/adaptive management actions will be described, if not in this Plan. If these
actions will be described in the Operational Water Management Plan, this should be clearly indicated.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
MVLWB 3

Section 7
Section 4
Construction Water
Management Plan (De
Beers 2015b)
Operational Water
Management Plan
(Attachment 6 of the 2018
Water Licence
Amendment Application)

On page 31 of this Section, De Beers describes management responses to low action levels for groundwater quantity,
including "re-calibration of the numerical hydrogeological model and prediction of revised future inflows, if it is discernable
that the discrepancy is a long-term effect".
How will a long-term effect be discerned?

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
MVLWB 4

Section 7

Please clarify whether a low action level for groundwater quality is being proposed.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
MVLWB 5

Section 7

Please clarify the proposed action levels.

Groundwater Monitoring
Program (Version 2) Party
Review Recommendations
Responses submitted to
MVLWB (May 6, 2015) –
MVLWB 6

Section 7

De Beers Canada Inc.
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Summary of Commitments and Conditions for the Type A Water Licence (MV2005L2-0015) for the Groundwater Monitoring
Program (continued)

Commitment

Reference Document

Corresponding Section
in Groundwater
Monitoring Program
and/or Other
Document(s)

Groundwater Monitoring Program (Version 3) Party Review Recommendations Reponses (submitted to MVLWB June 2, 2015)
ENR recommends that a low action level is developed for groundwater quality to confirm that modeling and EA predictions
are accurate and that water within the water management pond will be suitable for discharge when required.

De Beers Canada Inc.

Groundwater Monitoring
Program (Version 3) Party
Review Recommendations
Responses submitted to
MVLWB (June 2, 2015) –
GNWT 1

Section 7

Gahcho Kué Mine
Groundwater Monitoring Program
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The Mine is located in an area of continuous permafrost. Permafrost in the local study area
extends to a depth of about 300 metres below ground level (mbgl) in areas outside of the
influence of lakes or taliks, which can be considered as a typical permafrost thickness
corresponding to permafrost formation under the Mine area’s climate conditions (Brown
1970).
In areas of continuous permafrost, there are generally two groundwater flow regimes: a
deep groundwater flow regime beneath permafrost and a shallow groundwater flow regime
located in the active (seasonally thawed) layer near the ground surface. Because of the
thick, low permeability permafrost, there is generally little to no hydraulic connection
between the two flow regimes. The scope of the Groundwater Monitoring Program focuses
on the deep groundwater regime to ensure that mine water is monitored and managed
during open pit operations.
Taliks (unfrozen ground surrounded by permafrost) exist beneath lakes that have sufficient
depth such that they do not freeze to the bottom over the winter. Taliks beneath larger
lakes can extend down to the deep groundwater regime. Consequently, recharge to the
deep groundwater flow regime is predominantly limited to areas of taliks beneath large,
surface water bodies with deep groundwater flow to a large degree controlled by the
elevations of these surface water bodies. To a lesser degree, groundwater beneath frozen
permafrost is influenced by density differences due to the upward diffusion of deep-seated
brines (density-driven flow).
A talik extending to the deep groundwater flow system is inferred to exist beneath Kennady
Lake (Figures 3 and 4). During mining, the open pits will act as sinks, and groundwater in
unfrozen ground in the talik and below permafrost will be induced to flow towards the open
pits (Figure 5).
In areas of continuous permafrost, groundwater mineralization with depth in the Canadian
Shield is expected to increase with depth, and to approximate the regional relationship
developed by Frape and Fritz (1987). Groundwater inflow to the open pits will consist of a
mixture of lake water induced to flow under the dikes through the overburden and shallow
bedrock towards the open pit and deeper mineralized groundwater induced to flow from
depth.
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WATER MANAGEMENT
One of the key objectives for the water management of the Mine during operations is to
use the mined-out open pits (e.g., 5034 and Hearne) for additional mine rock, processed
kimberlite, and mine water disposal. As such, the water management plan (Attachment 6
of the 2018 Water Licence Amendment Application) and associated routing of mine water
during the operational period are sequenced to coincide with open pit development. Water
management during operations will involve a variety of activities, including managing
groundwater from the open pits.
During operations, water volumes entering the open pits are estimated to range from a
minimum of about 650,795 cubic metres per year (m3/y) (i.e., 1,780 cubic metres per day
[m3/d]) during Year 1 to about 1,472,775 m3/y (i.e., 4035 m3/d) in Year 5 and then to
become less thereafter due to pit filling and/or rock dewatering. The average annual
groundwater inflow volume during operations (i.e., Years 1 to 11) is estimated to be
approximately 966,885 m3/y.
If data collected during construction or mining indicate that groundwater quantity or quality
may be higher than predicted then corrective actions would be developed in accordance
with reducing environmental risk. This risk applies to early operations when it is proposed
to discharge water from the water management pond (WMP) to Lake N11 up to Year 4
(Attachment 6 of the 2018 Water Licence Amendment Application); higher total dissolved
solids (TDS) concentrations in the WMP earlier than projected in the EIS will potentially
limit the duration of operational discharge to Lake N11. Additionally, water quality modelling
will be updated, as necessary.

2.3

RELATED DOCUMENTS
The Groundwater Monitoring Program makes reference to monitoring programs and
management plans for the Mine, including the:
•

2018 Updated Project Description (Attachment 1 of the 2018 Water Licence
Amendment Application);

•

Geochemical Characterization Plan – Version 4 (Attachment 4 of the 2018 Water
Licence Amendment Application);

•

Operational Water Management Plan – Version 5 (Attachment 6 of the 2018
Water Licence Amendment Application); and

•

Surveillance Network Program (Annex A of the Water Licence MV2005L2-0015).

De Beers Canada Inc.

Gahcho Kué Mine
Groundwater Monitoring Program
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MONITORING WELLS – BASELINE
CHARACTERIZATION
Baseline characterization of groundwater quality in the vicinity of the Mine has utilized
groundwater analyses of samples collected in 2004, 2005, and 2011 (Figure 6):
•

Groundwater samples collected in 2004 used airlift capabilities of the drilling rig
during the drilling of seven boreholes.

•

In 2005, additional samples were collected by airlift capabilities during drilling, and
from four boreholes that were instrumented with Westbay multiport piezometers:
MPV-05-236C, MPV-05-238C, MPV-05-239C, and MPV-05-240C.

MPV-05-239C is located in the area of the 5034 Pit, and MPV-05-240C is located in the
area of the Hearne Pit. MPV-05-236C is located approximately 0.6 km to the northeast of
the Tuzo Pit, and MPV-05-238C is located approximately 1.1 km to the north of the Hearne
Pit. These Westbay multiport piezometers allow for groundwater sample collection from
multiple ports installed at different depths along a single borehole. Each Westbay
piezometer has four or five primary sampling ports. These ports include a pumping port
that can be opened or closed, allowing for purging of the sampling zone. The locations and
completion details of each of the Westbay multiport piezometers are presented in Figure 6
and Tables 2 to 5.
Two sampling events were undertaken in 2005 in the four Westbays. Groundwater samples
were collected from ten ports among the four Westbay multiport piezometers immediately
after their completion (following purging of the individual sampling ports) in the summer of
2005. In December 2005, additional samples were taken from 11 ports in MPV-05-236C,
and MPV-05-238C.
•

The listed Westbay multiport piezometers were re-sampled in 2011 to build upon
the baseline groundwater chemistry dataset. Of the 13 samples collected in 2011,
nine samples were collected in the same wells/sample ports that were sampled
in 2005. MPV-05-240C was found to be in need of repair during the 2011
sampling; therefore, samples were not collected from this piezometer in 2011.
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Zone Depths for MPV-05-236C
Port Depth

Port/Zone
Number

Depth of
Zone Bottom

Depth of
Zone Top

Average
Depth of Zone

Metres Below Datum

1

431.4

460.8

431.4

446.1

2

381.1

429.8

381.1

405.5

3

346.0

379.6

346.0

362.8

4(a)

335.4

344.5

335.4

340.0

5

286.7

333.9

286.7

310.3

6

250.1

285.2

250.1

267.6

7(a)

230.3

248.6

230.3

239.5

8

192.2

228.8

192.2

210.5

9

169.4

190.7

169.4

180.1

10

123.7

167.9

123.7

145.8

11

102.4

122.2

102.4

112.3

12

96.3

100.8

96.3

98.6

13

93.2

94.7

93.2

93.9

Depth of
Zone Bottom

Depth of
Zone Top

Source: De Beers 2010, Annex G, Section G3.3, Table G3.3-1.
Note: Depths shown are vertical depths below ground surface.
(a)

Water sample taken from this zone.

Table 3

Zone Depths for MPV-05-238C

Port/Zone Number

Port Depth

Average
Depth of Zone

Metres Below Datum
1

441.51

472.99

441.51

457.25

2

391.22

439.99

391.22

415.61

3

351.60

389.70

351.60

370.65

4(a)

322.65

350.08

322.65

336.37

5

261.70

321.13

261.70

291.41

6(a)

231.22

260.17

231.22

245.69

7

202.27

229.69

202.27

215.98

8(a)

167.22

200.74

167.22

183.98

9

123.02

165.69

123.02

144.36

10

91.02

121.50

91.02

106.26

11(a)

62.07

89.50

62.07

75.78

12

48.35

60.55

48.35

54.45

Source: De Beers 2010, Annex G, Section G3.3, Table G3.3-2.
Note: Depths shown are vertical depths below ground surface.
(a)

Water sample taken from this zone.
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Zone Depths for MPV-05-239C, Corrected for Angle

Port/Zone Number

Port Depth

Depth of Zone
Bottom

Depth of
Zone Top

Average Depth of
Zone

Metres Below Datum
1

370.36

396.93

370.36

383.65

2(a)

347.82

368.89

347.82

358.35

3(a)

318.74

346.34

318.74

332.54

4

294.68

317.26

294.68

305.97

5

278.11

293.20

278.11

285.66

6

249.61

276.64

249.61

263.12

7

233.02

248.03

233.02

240.52

8

184.83

231.54

184.83

208.20

9

163.77

183.35

163.77

173.56

10

132.13

162.29

132.13

147.21

11

95.93

130.65

95.93

113.29

12

88.42

94.45

88.42

91.43

13

83.87

86.93

83.87

85.40

Source: De Beers 2010, Annex G, Section G3.3, Table G3.3-3.
Note: Depths shown are vertical depths below ground surface.
(a)

Water sample taken from this zone.

Table 5

Zone Depths for MPV-05-240C, Corrected for Angle

Port/Zone Number

Port Depth

Depth of Zone
Bottom

Depth of
Zone Top

Average Depth of
Zone

Metres Below Datum
1

288.63

315.55

288.63

302.09

2

278.27

287.16

278.27

282.72

3

261.75

276.89

261.75

269.32

4

237.83

260.37

237.83

249.12

5(a)

216.62

236.44

216.62

226.53

6

202.55

215.23

202.55

208.89

7(a)

172.79

201.16

172.79

186.98

8

154.21

171.39

154.21

162.80

9

132.93

152.90

132.93

142.92

10

112.42

131.53

112.42

122.00

11

91.71

110.91

91.71

101.31

12

83.15

90.30

83.15

86.72

13

78.82

81.74

78.82

80.28

Source: De Beers 2010, Annex G, Section G3.3, Table G3.3-4.
Note: Depths shown are vertical depths below ground surface.
(a)

Water sample taken from this zone.
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In general, baseline dissolved metals concentrations at the Mine are consistent with
groundwater chemistry data collected from other locations within the Canadian Shield
environment in the NWT. Two trends were identified for metals concentrations and depth:
•

metals concentrations that remained consistent with depth (e.g., aluminum,
cadmium, and zinc); and

•

metals concentrations that increased with depth (e.g., arsenic, boron, and nickel).

Parameter concentrations in groundwater samples collected in 2005 (two sampling rounds)
and 2011 were conservatively adopted in the development of the water quality predictions
described in the 2012 EIS Supplement (De Beers 2012a, Appendix 8.II), and in the 2018
updated site-wide water quality modelling (Attachment 2, Appendix C of the 2018 Water
Licence Amendment Application).
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STUDY DESIGN
The objectives of the Groundwater Monitoring Program are to:
•

Evaluate groundwater quantity and quality within each of the open pits during pit
development through monitoring of total groundwater inflow to each pit that is
discharged from pit sumps.

•

Conduct hydrogeological seepage (seep) surveys of the open pits to assess the
distribution in the pit walls of groundwater quantity and quality.

•

Assess the distribution of groundwater inflows to each of the pits and confirm or
update the conceptual groundwater flow model developed for the EIS (De Beers
2012a) and updated as part of the Gahcho Kué Type A Water Licence
Amendment Application Package, if required. That is, if it is found the distribution
of inflow is different from that predicted in the numerical model then the
conceptual model may need to be revised and recalibrated to the observed
conditions.

•

Compare measured groundwater quantity and quality to action levels as part of
the response framework (described further in this document).

•

Refine the hydrogeologic model of the site developed for the EIS (De Beers
2012a) and updated as part of Gahcho Kué Type A Water Licence Amendment
Application Package, and update predictions if an action level is triggered.

•

Provide recommendations for ongoing adaptive management based on the
results of operational monitoring.

Groundwater monitoring data will be compiled and evaluated to assess both on-going and
long-term effects of pit development on localized groundwater movement and groundwater
quality. The monitoring will also provide information relevant to adaptive management of
groundwater flows and pit water quality in the WMP, if required.

4.1

FIELD METHODS

4.1.1

Open Pit Groundwater Monitoring
Groundwater inflows and seeps to the open pits must be managed so that mining can
proceed safely. This water will be collected in sumps and transferred to the WMP. To
evaluate the chemical mass loading to the WMP, it is necessary to understand the quality,
quantity and distribution of groundwater inflows to each of the open pits. Therefore, the
primary focus of the Groundwater Monitoring Program will be the monitoring of open pit
mine water.

De Beers Canada Inc.
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Two types of groundwater inflow will be monitored in the open pits:
•

Open pit inflows: Groundwater inflow to the open pit will be collected in the open
pit sumps. Water collected in the open pit sumps represents the bulk, or combined
inflow to the open pit. Open pit sumps will be monitored and reported in the Annual
Groundwater Monitoring Report as part of the Annual Water Licence Report.

•

Open pit seeps: smaller volumes of water are monitored at discrete groundwater
seeps in the open pit walls. Groundwater seeps represent water that flows into
the pit through rock fractures in the open pit walls. Groundwater seeps, if present,
are identified during the open pit seepage survey.

These sources account for almost all of the groundwater-related chemical mass loading.
Any seepage from the main mine waste facilities identified during the biannual geochemical
audit site inspection will also be monitored, as described in the Geochemical
Characterization Plan (Attachment 4 of the 2018 Water Licence Amendment Application).
It’s important to understand that although pit sump water quality and quantity is
predominantly composed of groundwater inflow to the pit, sources of water other than
groundwater contribute to the quantity and quality of water in the pit sumps. These sources
of water are predicted by the site water quality model. The site water quality model uses
the predicted groundwater inflow to the pits as one of the inputs and then integrates other
water sources (e.g., precipitation, pit wall runoff) to these values to predict the quantity and
quality of the water that ultimately ends up in the sumps. Therefore, the predicted quantity
and quality of the sump water resulting from the site water quality model should be
compared to the observed/measured quantity and quality of water in the sumps.

4.1.1.1

Open Pit Mine Water Quantity
During construction and operations, in-line flow meters will be installed on discharge lines
that convey the pit water inflow from sumps established in the pits to the WMP. A separate
flow meter will be installed in each of the open pits so that groundwater inflows to the sumps
in the individual open pits can be monitored. The water discharge (flow) from each open
pit will be monitored continuously in-line on the pipe conveying water to the WMP.
Measured groundwater inflow rates will be evaluated so that temporal trends in the
observed inflows can be compared to the updated model predictions of groundwater inflow
used for the Gahcho Kué Type A Water Licence Amendment Application Package. Greater
than predicted groundwater inflows to the pits will mean that potentially higher volumes of
water will need to be managed within the controlled area (e.g., in the water management
pond). High level contingency options regarding managing potentially higher volumes of
water in the water management pond are provided in Section 2.5.5 of the Operational
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Water Management Plan (Attachment 6 of the 2018 Water Licence Amendment
Application); this plan includes detailed contingency planning with respect to the
management of groundwater pit inflows.
The current water management system including both the water storage areas and minedout pits can provide an extra water storage capacity over the mine operations and will have
11 Mm3 extra water storage capacity at the end of mine operation (considering 4 years’
discharge to Lake N11 from the WMP; Attachment 6 of the 2018 Water Licence
Amendment Application, Figure 16). In addition, during mine operation, at least 1.0 m
freeboard will be maintained between the top of water retaining elements (liners or till core)
and the design maximum water level for each of the components of the water management
system. Therefore, additional water can be temporarily stored within the 1.0 m freeboard
zone in the system until such time as it could be pumped into secondary storage areas.
Based on the currently predicted quantity of groundwater inflow into open pits, an increase
of 20% of the pit inflow over the entire mine operation period will require an additional
storage capacity of 1.6 Mm3, which is smaller than the extra storage capacity of 11 Mm3 in
the water management system provided at the end of mine operation. In short, the current
water management system can accommodate up to 20% of the pit inflow increase over the
entire mine operation period.
Potential adaptive management responses to the triggering of a low action level concerning
greater than expected groundwater inflows include: increasing the frequency of monitoring
of flows and chemistry; investigating site conditions to verify the source of the issue;
investigating other factors that may be contributing to higher than projected pit inflows or
groundwater quality; re-calibrating the model used for the Water License amendment and
updating the water quality model as necessary; updating the water balance model to
evaluate the potential impact on the water management plan; revising the mine water
management plan, if necessary; developing detailed corrective actions, if necessary, in
accordance with associated environment risk; and reporting action level triggers and
response to the MVLWB. These responses are consistent with potential adaptive
management responses to triggering low action levels related to water elevation and water
quality in the WMP as described in the Operational Water Management Plan (Attachment
6 of the 2018 Water Licence Amendment Application, Section 3.2).

4.1.1.2

Open Pit Mine Water Quality
During the operations phase, open pit mine water quality will be monitored in the discharge
from the open pit sumps in 5034, Hearne, and Tuzo pits. The sampling locations in the pits
will be a component of the Surveillance Network Program (SNP; e.g., Stations SNP 08 to
10; refer to Annex A of the Water Licence MV2005L2-0015). Samples will be collected
according to the sample collection and handling requirements described below
(Section 6.2).
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The discharge from each of the open pit sumps will be routinely sampled for the following
list of parameters:
•

Field measurements:

•

electrical conductivity (conductivity), temperature, turbidity, dissolved oxygen, pH,
and redox (Eh).

•

Groundwater chemistry:

•

hardness, TDS, major anions and cations (including calcium and chloride),
nutrients (e.g., nitrogen, phosphorus, carbon species), and dissolved metals
(including low-level mercury).

•

Radionuclides:

•

uranium, thorium, and radium-226 may be included in the groundwater monitoring
program (as per De Beers 2012b). Initially, only uranium and thorium will be
included in the groundwater monitoring program. If these parameters are
determined to be leachable in groundwater, radium-226 will also be monitored.
Recommendations on any amendments to the groundwater monitoring will be
presented in the annual report.

Additional chemical analyses may be required to more completely characterize the
chemical loading from the mine water. The additional analyses will be dependent on
monitoring results.
The data from the pits during operational monitoring will be used to re-evaluate water
quality projections in the WMP, through comparison to the action levels described in
Section 7, and to identify any potential for risk to operational discharge in Years 1 to 4 (as
per Attachment 6 of the 2018 Water Licence Amendment Application) due to water quality
in the WMP not meeting discharge compliance criteria.

4.1.2

Open Pit Seepage Survey
The open pit seepage surveys will focus on identifying preferential groundwater flow paths
and quantifying the contribution of these features to groundwater inflow quantity and quality
to the open pits. Results of the open pit seepage study are used to refine the
hydrogeological model of the site, as required.
Seepage surveys were conducted twice during the first year of mining in the 5034 open pit
and are planned to be undertaken once a year in each pit for the life of mine. In the first
year of the 5034 pit development, one of the seepage surveys was conducted as soon as
the ice in the pit walls melted in June 2017 and then in late August 2017. In the following
years of mining in each pit, one survey will be conducted in late summer prior to freeze up
each year. The purposes of the surveys are to identify if preferential groundwater flow paths

De Beers Canada Inc.

Gahcho Kué Mine
Groundwater Monitoring Program

- 27 -

March 2018
Version 4

in the walls of the open pits, due to features of enhanced permeability, are present and to
determine the relative contribution to the total groundwater inflow quantity and quality from
these features. Each survey shall involve the measurement of flow rates in selected
drainage structures, mapping of seepage faces in the walls of each pit, the measurement
of in situ physico-chemical water quality conditions (i.e., pH, conductivity, and temperature)
and the collection of surface water samples for laboratory chemical analysis.
The seep samples will be analysed for the list of parameters provided in Section 4.1.1.2.
The seepage surveys conducted in 2017 indicated negligible groundwater seepage
through the walls of the 5034 Pit. This implied that an enhanced permeability zone (EPZ),
which was conservatively assumed to be present in the EIS (De Beers 2010, 2012a), was
not present. Therefore, the majority of the inflow that reported to the bottom of the pit (at
SNP 08) was at a lower rate than predicted in the EIS (Golder 2018).
The open pit seepage survey described above is conducted separately from the site
seepage survey for the biannual geochemical audit described in the Geochemical
Characterization Plan (Attachment 4 of the 2018 Water Licence Amendment Application).

4.2

DATA COMPILATION
Groundwater monitoring data will be compiled into a Mine-specific database and evaluated
as follows:

4.3

•

analysis of trends in groundwater data for pit inflow quantity and quality (TDS,
major cations and anions and other chemical parameters of interest) on a
quarterly basis;

•

review and compilation of relevant permafrost, soils quality, surface water quality
and hydrology reports and information on an annual basis; and

•

data and information assessment and completion of an annual groundwater
monitoring report (further described in Section 8), including recommendations for
the Mine management team.

GROUNDWATER MODEL UPDATES
The monitoring program will focus on providing data required to compare to the modelling
predictions provided in 2018 groundwater model update developed for the Gahcho Kué
Type A Water Licence Amendment Application Package, and adjustments made as
necessary, specifically to:
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•

assess on-going effects of pit development on groundwater movement and
groundwater quality;

•

predict long-term groundwater quantity and quality of pit inflows; and

•

provide options for adaptive management of pit inflows and groundwater quality if
they fall outside of EIS predictions such that an action level is triggered (described
in Section 7).

The groundwater model has been updated to incorporate the results of the groundwater
monitoring to date and to incorporate the revised mine plan and schedule as per the 2018
Updated Project Description (Attachment 1 of the 2018 Water Licence Amendment
Application). The frequency of future updates to the groundwater model that may be
required will be dependent on the monitoring results. In addition, updates to the
groundwater model may be required based on operational changes as the Mine advances.
Trends in groundwater quantity and quality collected from monitoring data will be evaluated
to determine whether there is an increasing trend that requires examination and potential
corrective action. Actual trends (i.e., trends based on measured data) will be compared to
trends predicted in the 2018 site water quality model update. Monitoring frequencies for
the open pits are described in the Surveillance Network Program (SNP) Annex A of the
Water Licence MV2005L2-0015.
If the measured groundwater quantity or quality represents a significant difference from the
predictions in the 2018 groundwater model update (Golder 2018), a re-calibration of the
model will be considered. If model re-calibration is deemed necessary, future groundwater
inflow quantity and quality would be predicted using this re-calibrated model and results
considered as part of the adaptive management of the pit water inflow quantity and quality
contribution to the WMP.
The results of groundwater monitoring and any updates to the groundwater model will be
used to update the GoldSim site water quality model used in the Water License amendment
(Attachment 2, Appendix C of the 2018 Water Licence Amendment Application), as
necessary. The model will be updated using chemical mass loading data from all relevant
surface and groundwater monitoring programs. The frequency with which the models will
be updated is expected to range from every three to five years depending on the results of
monitoring.
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Based on the results of groundwater monitoring, trends in the quantity and quality of
groundwater inflow to the open pits have become apparent as the mine is developed. The
observed groundwater quantity and/or quality trends in the inflow to the open pits are as
follows:
•

Inflow quantity to the 5034 pit sump is less than predicted in the 2012 EIS
(De Beers 2012a) and the 2014 Model Update (Golder 2014), the latter of which
was developed for the 2015 Site Water Quality Model and integrated into the 2013
Updated Project Description as part of the Type A Water Licence Application
submission (De Beers 2014c); and

•

TDS concentrations in the 5034 pit sump are greater than predicted in the 2012
EIS (De Beers 2012a) and the 2014 Model Update (Golder 2014).

The reason for these differences is likely largely due to the absence of an enhanced
permeability zone (EPZ) that was assumed in the EIS model and the 2014 Model Update.
These zones of high permeability were assumed to connect each of the open pits to the
WMP and surrounding adjacent lakes. This connection would be expected to provide a
preferential pathway for larger quantities of surface waters to contribute to the proportion
of groundwater flow to the pits. This assumption resulted in the earlier modelling predictions
of higher groundwater inflow quantities with lower TDS concentrations to the pits than have
been measured (Golder 2018).
Groundwater management options will depend on the specific groundwater conditions
encountered in the open pits, water management, and predicted mine-site water quantity
and quality trends. Groundwater management actions could include:
•

increased frequency of monitoring;

•

investigation of site conditions;

•

changes to the mine plan; or

•

investigation of other factors that may have contributed to higher than projected
pit inflows or groundwater quality.

Corrective actions would be developed in accordance with the associated environmental
risks.
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QUALITY ASSURANCE/QUALITY CONTROL
PROCEDURES
Quality Assurance (QA) refers to plans or programs that encompass a wide range of
internal and external management and technical practices designed to ensure the
collection of data of known quality that matches the intended use of the data. Quality
Control (QC) is a specific aspect of QA that refers to the internal techniques used to
measure and assess data quality (APHA 2012). Quality Assurance procedures will be
consistent with those described in the Canadian Council of Ministers of the Environment
“Protocols Manual for Water Quality Sampling in Canada” (CCME 2011). Specific QA and
QC procedures derived from this document that will be followed during sampling performed
for the Groundwater Monitoring Program will consist of:

6.1

QUALITY ASSURANCE
Quality assurance protocols will be diligently followed so data are of known, acceptable,
and defensible quality. There are three areas of internal and external management, which
are outlined in more detail below.

6.1.1

Field Staff Training and Operations
To make certain that field data collected are of known, acceptable, and defensible quality,
field staff will be trained to be proficient in standardized field groundwater sampling
procedures, data recording, and equipment operations applicable to the Groundwater
Monitoring Program. All field work will be completed according to specified instructions and
established technical procedures. The procedures will be consistent with standard
methods (e.g., Environment Canada 1993; APHA 2012), which refer to standard sample
collection, preservation, handling, storage, and shipping protocols. They also will provide
specific guidelines for field record keeping and sample tracking. Sampling staff will also
use specific work instructions (SWIs), which are standardized documents that detail
specific sampling instructions, equipment needs and operational requirements, required
technical procedures, sample labelling and shipping protocols, laboratory contacts, and
estimated time required to complete the specified field work.

6.1.2

Laboratory
To make sure that high quality data are generated, laboratories that will be selected for
sample analysis will be accredited to ISO/2005 17025:2005 (or similar) by an appropriate
accreditation entity. Accreditation programs are utilised by the laboratories so that
performance evaluation assessments are conducted routinely for laboratory procedures,
methods, and internal quality control.
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Office Operations
A data management system will be utilized so that an organized consistent system of data
control, data analysis, and filing will be applied to the Groundwater Monitoring Program.
Relevant elements will include, but are not limited to the following:

6.2

•

all required samples are collected;

•

chain-of-custody and analytical request forms are completed and correct;

•

proper labelling and documentation procedures are followed, and samples will be
delivered to the appropriate locations in a timely manner;

•

laboratory data will be promptly reviewed once they are received to validate data
quality;

•

sample data entered into a Mine-specific groundwater quality database will be
compared to final laboratory reports to confirm data accuracy; and

•

appropriate logic checks will be completed to ensure the accuracy of the
calculations.

QUALITY CONTROL
The QC component of the Groundwater Monitoring Program will consist of applicable field
and sample handling procedures, and the preparation and submission of two types of QC
samples to the various laboratories involved in the program. The QC samples include
blanks (e.g., travel, field, equipment) and duplicate/split samples.
Sample bottle preparation, field measurement and sampling handling QC procedures
include the following:
•

Sample bottles will be kept in a clean environment, capped at all times, and stored
in clean shipping containers. Samplers will keep their hands clean, wear gloves,
and refrain from eating or smoking while sampling.

•

Where sampling equipment must be reused at multiple sampling locations,
sampling equipment will be cleaned appropriately between locations.

•

Temperature, pH, and specific conductivity will be measured in the field using
hand held meters (e.g., YSI water quality sondes).

•

Samples will be cooled to between 4 degrees Celsius (°C) and 10˚C as soon as
possible after collection. Care will be taken in when packaging samples for
transport to the laboratory to maintain the appropriate temperature (between 4°C
and 10˚C) and minimize the possibility of rupture. Where appropriate, samples
will be treated with preservatives to minimize physical, chemical, biological
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processes that may alter the chemistry of the sample between sample collection
and analysis.
•

Samples will be shipped to the laboratory as soon as reasonably possible to
minimize sample hold times. If for any reason, samples do not reach the
laboratory within the maximum sample hold time for individual parameters, the
results of the specific parameters will be qualified, or the samples will not be
analysed for the specific parameters.

•

Chain of custody sample submission forms will be completed by field sampling
staff and will be submitted with the samples to the laboratory.

•

Only staff with the appropriate training in the applicable sampling techniques will
conduct water sampling.

Quality control procedures implemented as part of the Groundwater Monitoring Program
will consist of the preparation and submission of QA/QC samples, such as field blanks, trip
blanks, and split/duplicate water samples. These are defined as follows:
•

Field Blank: A sample will be prepared in the field using laboratory-provided
deionized water to fill a set of sample containers, which will then be submitted to
the laboratory for the same analysis as the field water samples. Field blanks will
be used to detect potential sample contamination during collection, shipping and
analysis.

•

Travel Blank: A sample will be prepared and preserved at the analytical laboratory
prior to the sampling trip using laboratory-provided deionized water. The sample
will remain unopened throughout the duration of the sampling trip. Travel blanks
will be used to detect potential sample contamination during transport and
storage.

•

Duplicate Sample: Two samples will be collected from one port using identical
sampling procedures. They will be labelled, preserved individually and submitted
for identical analyses. Duplicate samples will be used to assess variability in water
quality at the sampling site. Duplicate will be collected and submitted for analyses
at approximately, 10% of sampling locations. For smaller batches of samples
(less than 10), at least one duplicate will be collected and submitted for analysis.

•

Split Sample: A sample will collected from one port and submitted to the laboratory
where it will be subsequently split into two sets of sample containers. Samples
will then be submitted for identical analyses. Split samples will be used to check
analytical precision.
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Additional QA/QC procedures that will be applied to the seepage survey component of the
Groundwater Monitoring Program will include:
•

Location – Universal Transverse Mercator (UTM) coordinates of seepage will be
defined through the use of a hand-held Global Positioning System (GPS) unit and
will be recorded in the field log book with a photograph of each pit wall.

•

Sample Labels – appropriate sample nomenclature will be assigned to the sample
labels that will define sample locations, sample type, year, and designation
(numerical from 01 sequentially upwards) (e.g., SEEP-13-01 for seepage;
5034PIT-13-02 for pit sump).
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RESPONSE FRAMEWORK
Adaptive management is undertaken in the Groundwater Monitoring Program through
monitoring the quantity and quality of groundwater inflows and the distribution of pit wall
seepage, and the setting of action levels. Action levels associated with the groundwater
monitoring data as part of the program’s response framework have been developed so
that, if triggered, implement management responses to prevent the potential for significant
adverse effects to the environment as a result of Mine activities. In general, action levels
are assigned varying thresholds (low, moderate, and high) and each corresponding
management response builds upon the previous levels response (WLWB 2010).
Responses are specific to the component, the likely causes of the observed effects, and
the magnitude of the effects.
Low action levels for the Groundwater Monitoring Program are defined in Table 6.
Objectives were defined that link measureable monitoring metrics with management
responses. The definition of moderate and high level thresholds will constitute one of the
management responses if the low action level threshold is achieved. Action level
exceedances and management responses taken during the year shall be reported in the
Annual Water Licence Report.
As stated in Section 1, the Groundwater Monitoring Program is designed to provide
information that will allow De Beers to assess the quantity and quality of inflows to each of
the three open pits (i.e., 5034, Hearne, and Tuzo) and the distribution of pit wall seepages
to effectively manage Mine water during the operation of the Mine. Through mining of the
pits, it is expected that there will be some scatter (variability) in the measured sump quantity
and quality data due to, for example, local variations in hydraulic conductivity, operational
changes, and weather conditions. In particular, seasonal variations in water to be managed
within the open pit are expected due to surface water inputs. For example, increased
minewater will be observed during the freshet. Observation of pit inflows over a longer
period will allow for discernment of the groundwater component of minewater, assessment
of meaningful trends in this component and evaluation against model predictions.
Although conservatism was applied in the groundwater quantity and quality estimations in
the EIS, greater rates of inflows and/or higher TDS concentrations beyond those predicted
values may put at risk one of the primary benefits of the Mine plan, which is that following
the operational discharge requirement to Year 4, the controlled area will have sufficient
storage capacity for all Mine water generated until Kennady Lake is refilled (i.e., a further
20+ years). Accordingly, a low action level for sump quantity would be triggered if the
quantity of inflow to an individual pit, based on a monthly average of inflow over six
consecutive months (amounting to six average values), is 20% higher than predicted in the
site water quality model or if the site-wide total inflow rate is 10% higher than predicted
over a two month interval (Attachment 2, Appendix C of the 2018 Water Licence
Amendment Application).
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Identification of a potential long-term effect would be based on a detailed examination of
the groundwater data to assess the potential causes of greater than expected sump
quantity. If the higher than predicted flows could be correlated to a short-term effect such
as freshet, transient drainage of a high storage feature, or dewatering of lakebed
sediments, then no further action would be required. However, if the higher than predicted
flows could not be correlated to a short-term effect, than the effect would be considered to
be potentially long-term. The proposed low action trigger magnitude of 20% is based on
the additional storage capacity available within the current water management system as
described in the response to GNWT 1 in De Beers (2015a). The duration of six months is
based on observed seasonal variations in pit water at Diavik during the early stages of
operations (Golder 2004), and would apply to groundwater inflows to individual pits only
during their development. Action levels for pit sump water on a site wide basis are
described in the Operational Water Management Plan (Attachment 6 of the 2018 Water
Licence Amendment Application) and will be triggered if pit inflows quantity is 10% greater
than predicted for consecutive measurements over a two-month period.
Management responses to the triggering of the low action level threshold for groundwater
quantity will include:
•

a detailed examination of the inflow data to assess potential causes of these
trends (e.g., what are the sources: surface water inflows, groundwater inflows?);

•

evaluation of individual open pit inflow quantity plots to assess if the deviation
from expected conditions is collectively influenced by all pits under mining or the
result of inflows from an individual open pit;

•

update and possibly re-calibration of the numerical hydrogeological model would
be required to investigate, and confirm or refute any potential long-term effects;

•

prediction of revised future inflows, if it is discernible that the discrepancy is a
long-term effect; and

•

definition of moderate and/or high action level thresholds and associated
management responses.

A low action level for sump quality is based on monthly average concentrations of
parameters of concern in sump discharge to individual pits over six months, as some
scatter in the water quality of the sump discharge is expected due to seasonal variation,
transient drainage, and variations in the rate of mining and predictions in groundwater
inflow quality presented in the 2010 EIS correspond to average concentrations (De Beers
2010, Section 11.6). The magnitude of measured average concentrations being 10%
greater than predicted concentrations for a defined depth is considered appropriate to allow
for discernment of trends in the water quality of sump discharge that merit further
investigation. Identification of a potential long-term groundwater quality effect would be
based on an examination of the groundwater quality data to assess the potential causes of
greater than expected concentrations of parameters of concern. If the higher than predicted
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concentrations could be correlated to a short-term effect such as transient drainage of an
isolated high TDS storage feature, no further action would be required. However, if the
higher than predicted flows could not be correlated to a short-term effect, than the effect
would be considered to be potentially long-term.
Management responses to the triggering of a low action level in groundwater sump quality
will be considered in the context of the measured groundwater inflow quantity.
Discrepancies between predicted and observed groundwater quality are only relevant if
these discrepancies adversely impact the water quality in the water management pond to
limit its release to the receiving environment. Monitoring of discharge from the water
management pond for compliance with the Effluent Quality Criteria will take place as
described in the Surveillance Network Program defined in Annex A of the Water License
(MV2005L2-0015). Therefore, the management responses to the triggering of the low
action level threshold for groundwater quality will include:
•

complete an examination of the groundwater quality data to assess potential
causes of the trends;

•

evaluate individual open pit groundwater quality plots to assess if the deviation
from expected conditions is collectively influenced by all pits under mining or the
result of inflows from an individual open pit, or if deviations in predicted quality
are limited to specific parameters;

•

discern if deviation from expected conditions is a long-term effect and together
with the measured quantity of inflow may adversely impact the water quality in the
water management pond to limit its release to the receiving environment during
the years in which a discharge to the environment is anticipated and if so, a recalibration of the numerical hydrogeological model and prediction of revised future
inflows will be undertaken; and

•

define moderate and/or high action level thresholds and associated management
responses

As stated in Section 4.1.2, the open pit seepage surveys will focus on identifying
preferential groundwater flow paths and quantifying the contribution of these features to
groundwater inflow quantity and quality to the open pits. Results of the open pit seepage
study will be used to refine the hydrogeological model of the site, as required. In this way,
the open pit seepage surveys will provide supporting information in the event that a low
action level threshold is triggered.
Action level exceedances and actions taken during the year will be reported in the Annual
Water Licence Report as per Part B, Item 10 of this Licence and Schedule 1, Item 1.
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Low Action Levels Associated with the Groundwater Monitoring Program
Objective

Metrics

Action Levels

Management Responses

To identify if the quantity of
inflows to the open pits are
greater than predicted in the
EIS

Daily
pumping
rate
volumes from sumps in
each pit during mining
(i.e., SNP 08, 09, and 10;
continuous
monitoring
when sumps are active);
water discharge (flow)
from each open pit will be
monitored continuously
in-line at the discharge
point

Inflow quantity (measured as daily pumping rate volumes
averaged over a one-month period) from any one pit is greater
than 20% higher than predicted daily rates from consecutive
one month average measurements over a six-month interval
(amounting to six average measurements).
If the higher than predicted flows could be correlated to a shortterm effect such as freshet, transient drainage of a high storage
feature or dewatering of lakebed sediments than no further
action would be needed. However, if the higher than predicted
flows could not be correlated to a short-term effect, than the
effect could potentially be considered to be long-term.

• complete a detailed examination of the
groundwater inflow data to assess potential causes
of greater than expected groundwater quantity
• assess if the deviation from expected conditions is
collectively influenced by all pits under mining or
the result of inflows from an individual open pit
• update and possibly re-calibration of the numerical
hydrogeological model would be required to
investigate, and confirm or refute any potential long
term effects.
• prediction of revised future inflows, if it is
discernible that the discrepancy is a long-term
effect; and
• define moderate and/or high action level thresholds
and associated management responses

To
identify
if
the
concentrations of parameters
in groundwater inflows into the
open pits are greater than
predicted in the EIS

Groundwater chemistry
of water collected in
sumps in each pit during
mining (i.e., SNP 08, 09,
and 10); groundwater
chemistry
of
water
pumped from the sump to
the WMP

Monthly average concentrations of parameters of concern in
sump discharge are greater than 10% of the predicted
concentrations for defined depths (as appropriate) as projected
in the EIS, and supported by a temporal trend (i.e., greater than
a six month period)

• complete an examination of the groundwater inflow
quality data to assess potential causes of the trends
• evaluate individual open pit groundwater quality
plots to assess if the deviation from expected
conditions is collectively influenced by all pits under
mining or the result of inflows from an individual
open pit, or if deviations in predicted quality are
limited to specific parameters
• discern if deviation from expected conditions is a
long-term effect and together with the measured
quantity of inflow may adversely impact the water
quality in the water management pond to limit its
release to the receiving environment during the

years in which a discharge to the environment is
anticipated and if so then undertake a recalibration of the numerical hydrogeological model
and prediction of revised future inflows.
• define moderate and/or high action level thresholds
and associated management responses
EIS = Environmental Impact Statement; SNP = Surveillance Network Program; % = percent.
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REPORTING
De Beers will report on groundwater monitoring as part of the Annual Water Licence Report
as per Schedule 1, Item 1(g) to be submitted by March 31 each year.
Data summaries will include:
•

recorded inflow quantity and quality to each pit;

•

evaluation of trends in groundwater inflow quantity and quality to each open pit;

•

results of the open pit seepage survey;

•

comparison of hydrogeologic quantity and quality data collected on-site to
predictions presented in the Water License amendment (Golder 2018) with an
explanation for any significant differences;

•

description of any updates to the groundwater conceptual and numerical models
for the site made based on the results of operational monitoring;

•

flow diagrams illustrating the distribution and movement of groundwater;

•

any changes to the assessment of the effects of open pit development on
groundwater movement and quality;

•

a summary of any exceedances of the action levels described in Section 7;

•

a description of any actions taken in response to action level exceedances;

•

recommendations for modifications to the hydrogeological monitoring program
based on the results of operational monitoring; and

•

recommendations for ongoing adaptive management based on the results of
operational monitoring.

The Groundwater Monitoring Program will be updated, if required, based on any changes
to the 2018 Updated Project Description (Attachment 1 of the 2018 Water Licence
Amendment Application) and lessons learned as the Mine advances.
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ACRONYMS AND GLOSSARY

10.1

ACRONYMS AND ABBREVIATIONS

APHA

American Public Health Association

De Beers

De Beers Canada Inc.

EIS

Environmental Impact Statement

GPS

Global Positioning System

Mine

Gahcho Kué Mine

MVLWB

Mackenzie Valley Land and Water Board

NWT

Northwest Territories

PK

Processed Kimberlite

PKC

Processed Kimberlite Containment

Project

Gahcho Kué Project

QA/QC

Quality Assurance / Quality Control

QA

Quality Assurance

QC

Quality Control

SWI

specific work instruction

TDS

total dissolved solids

UTM

Universal Transverse Mercator

WMP

water management pond
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UNITS OF MEASURE

%

percent

°C

degrees Celsius

km

kilometre

m

metre

mbgl

metres below ground level

m3/y

cubic metre per year

m3/d

cubic metre per day
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GLOSSARY

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.

Groundwater inflow

The movement of water through interconnected voids in the phreatic zone to the mind
open pits.

Kimberlite

Igneous rocks that originate deep in the earth’s mantle and intrude the earth’s crust.
These rocks typically form narrow pipe-like deposits that sometimes contain diamonds.

Mine rock

The rock surrounding an ore body.

Mine site drainage

Water that runs off or flows through a mine site component, including surface and
subsurface (groundwater) flow; see also acid mine drainage, neutral mine drainage,
alkaline mine drainage, and drainage chemistry.

Open-pit seepage

Groundwater seeps that flows into the open pits through rock fractures in the pit walls.

Permafrost

Ground (soil or rock and included ice and organic material) that remains at or below
0°C for at least two consecutive years. Permafrost is defined on the basis of
temperature. It is not necessarily frozen, because the freezing point of the included
water may be depressed several degrees below 0°C; moisture in the form of water or
ice may or may not be present.

pH

The degree of acidity (or alkalinity) of soil or solution. The pH scale is generally
presented from 1 (most acidic) to 14 (most alkaline). A difference of one pH unit
represents a ten-fold change in hydrogen ion concentration.

Processed kimberlite

The material that remains after all economically and technically recoverable diamonds
have been removed from the kimberlite during processing.

Processed
containment

On-site storage facility for storing processed kimberlite.

Talik

kimberlite

A large volume of unfrozen soil in the permafrost region. It originates mainly under
deep lakes, rivers and other places where the mean annual soil temperature is above
zero.
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