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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. The three pits, called Hearne, 5034, and Tuzo pits,
will be mined in sequence.
The mine will operate for approximately 11 years, which will be dependent on
reserve. About 300 million tonnes of mine rock (host rock that is not economically
viable) and 33 Mt of kimberlite ore (rock that contains diamonds) will be mined
from three open pits (Hearne, 5034, and Tuzo). Kimberlite ore will be mined by
blasting rock with explosives. After the rock is blasted, it will be moved with rockhauling trucks. Ore will be processed at the processing and milling plant.
Mine rock and processed kimberlite, which will end up as two different size
fractions (fine and coarse-grade processed kimberlite) will either be placed in the
mine rock piles or processed kimberlite disposal facilities, or the mined out pits.
Mine rock will also be used for construction of dams, roads, rock pads, and lay
down areas.
Some mine rock, kimberlite ore, and processed kimberlite has the potential to
form acid when it is exposed to air and water. Also, some rock contains metals
that might dissolve in water. De Beers is responsible using mine rock properly at
the Mine site. The mine has been planned so that all mine rock and processed
kimberlite that has a high acid generating and / or metal leaching potential will be
placed within the mined-out pits and covered with water or deep with the mine
rock piles. Mine rock that is used for construction outside of the mine rock piles
will have a low potential for acid generation and metal leaching.
This Geochemical Characterization Plan was written to provide De Beers with a
method to collect and test mine rock and processed kimberlite samples during
mining so that they can be classified for use at the Project and/or where the rock
can be stored. This Plan follows the guidelines in two geochemical guidance
documents (INAP 2010 and MEND 2009).
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INTRODUCTION
De Beers Canada Inc. (De Beers) will conduct open pit mining, milling and
associated activities at the Gahcho Kué Mine (Mine), 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 (11
years), and closure (12+ years). Activities at the Mine will include:


dykes and berms to facilitate the dewatering of Kennady Lake;



open pit mining of the Hearne, 5034 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 Hearne and 5034 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;



a landfill;



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 Updated Project Description
(De Beers 2013a).
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The Geochemical Characterization Plan is a supporting document to the Type A
Water License (Water License) and Land Use Permit applications submitted to
the Mackenzie Valley Land and Water Board (MVLWB).
The Geochemical Characterization Plan describes the geochemical
characteristics of mine materials that will be encountered in the study area during
construction and operations, including mine rock, kimberlite, and processed
kimberlite. More specifically, Section 2 describes site geology and Section 3
details the anticipated quantity and distribution of Mine materials. Acid rock
drainage and metal leaching potential of kimberlite, processed kimberlite, and
mine rock are described in Section 4. Section 5 provides the action levels, or
geochemical criteria, for management and placement of Mine materials.
Section 6 describes the proposed mine rock monitoring and testing plan, while
overburden monitoring and classification are provided in Section 7. Performance
monitoring is described in Section 8. Section 9 discusses review of mine rock
classification and placement procedures. Section 10 describes the adaptive
management action levels associated with the Geochemical Characterization
Plan, while the content of Section 11 outlines elements related to reporting.
The study area for the Geochemical Characterization Plan includes the open pits,
coarse processed kimberlite (PK) Pile, Fine Processed Kimberlite Containment
(PKC) Facility, kimberlite ore stockpile, West and South Mine Rock piles,
roadways, rock pads, water management dykes and berms, and any other areas
where rock will be disturbed or deposited (Figure 2). Geochemical classification
criteria for mine materials are presented in the context of the development plans
for the Mine.

1.1

OBJECTIVE AND SCOPE
The objective of the Geochemical Characterization Plan is to provide information
that will allow De Beers to assess and manage acid/alkaline rock drainage (ARD)
and potential metal leaching at the Mine during operations. The information
collected as part of the Geochemical Characterization Plan will be compiled on
an annual basis and compared to the geochemical dataset for the Mine, including
the results of geochemical testing presented in Appendix 8.III (Metal Leach and
Acid Rock Drainage Report) of the 2012 EIS Supplement (De Beers 2012a) and
the Gahcho Kué Project Metal Leaching and Acid Rock Drainage Report – 2013
Update (Golder 2014). The results of geochemical monitoring will be evaluated
to confirm that mine rock and processed kimberlite management follows the
protocols in the Processed Kimberlite and Mine Rock Management Plan (De
Beers 2014a), which states that non-PAG rock will be used for construction of
roads and site infrastructure and construction of a closure cover for the Fine PKC
Facility, and PAG rock must be sequestered in designated areas of the mine rock
pile or deposited in the mined-out pits. Lastly, the results of geochemical
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monitoring will also be used to identify the need for adaptive management to
meet the environmental objectives for the Mine (De Beers 2014b).
Information referenced in support of the Geochemical Characterization Plan
includes the:


Appendix 8.III (Metal Leaching and Acid Rock Drainage Report) of the
2012 EIS Supplement (De Beers 2012a);



Updated Project Description (De Beers 2013a); and



Gahcho Kué Project Metal Leaching and Acid Rock Drainage Report –
2013 Update (Golder 2014).

The results of the geochemical characterization program were used to develop
inputs for the water quality predictions for the Mine. The estimated internal
contaminant loading balance from each source and impact on receiving water
chemistry is discussed in Section 8 (Key Line of Inquiry: Water Quality and Fish
in Kennady Lake) of the 2012 EIS Supplement (De Beers 2012a).
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RELATED MONITORING AND MANAGEMENT PLANS
The Geochemical Characterization Plan makes reference to several monitoring
and management plans for the Mine, including:


Updated Project Description (De Beers 2013a);



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



Groundwater Monitoring Program (De Beers 2013b);



Adaptive Management Plan (De Beers 2014b);



Waste Management Plan (De Beers 2014c); and



Processed Kimberlite and Mine Rock Management Plan (De Beers
2014a).

The individual plans listed above should be referred to for specific details related
to monitoring and management for that component.

1.3

COMMITMENTS
The Geochemical Characterization Plan serves to meet the requirements of the
commitment table below (Table 1). The commitment table also indicates where
these requirements are addressed in the plan.
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Summary of Commitments for Geochemical Characterization Plan

Commitment

Reference Document

Corresponding Section
in Geochemical
Characterization Plan
and/or Other
Document(s)

Less than 6% of the mine rock that will be excavated through open-pit mining will have to be managed as
being potentially acid generating (PAG). This rock will be managed appropriately to avoid the generation of
acidic leachate and limit the release of the metals and other elements. The management strategy will
involve sequestering any PAG mine rock, as well as any barren kimberlite, within the interior (typically 2 m)
of the mine rock piles. Till from on-going pit stripping will be used to cover PAG rock placed within the
interior of the structure to keep water from penetrating into that portion of the repository. Further, the PAG
rock will be enclosed within enough non-acid generating (non-AG) rock, such that the active zone will not
extend into the enclosed material, and water runoff will occur on the non-AG rock cover areas.
De Beers will monitor for the effects of climate change on the Project. Thermistors will be installed to
monitor temperatures within the Mine Rock Piles, the Coarse PK Pile and the Fine PKC Facility. The
resulting information will be used to track the development and possible regression of permafrost within
these structures. De Beers will also monitor the quality and quantity of the water passing through the
operational water management system to verify the conclusions of the analysis outlined herein. Finally, De
Beers will periodically review its operating procedures during the life of the Project, and adjust them, if and
as required, to account for the influence of climate change.
De Beers will use only non-reactive mine rock for mine site construction (roads, airstrips, dykes, berms,
etc.).

Gahcho Kué Project Updated
Commitment List, April 22, 2014
(De Beers 2014d)

Section 5.1
Thermistors are
referenced in the
Processed Kimberlite and
Mine Rock Management
Plan (De Beers 2014a) –
Sections 3.3, 3.4, 3.5, 6.1,
and 6.2

DeBeers commits that Non-PAG rock will not be placed before test results are received to confirm
materials are Non-PAG. This will be included in the operation procedures for construction material (IR # 9).

Gahcho Kué Project Updated
Commitment List, April 22, 2014
(De Beers 2014d)

Section 6 and 7

De Beers commits to providing a detailed Standard Operating Procedure for placement of rock during
operations - This will appear in the Geochemical Characterization Plan Update.

Gahcho Kué Project Updated
Commitment List, April 22, 2014
(De Beers 2014d)

Section 6.2; Appendix A

De Beers commits to constructing field test cells during operations to confirm the geochemical properties of
the mined materials (details to be determined and submitted under the Geochemical Characterization Plan
Update).

Gahcho Kué Project Updated
Commitment List, April 22, 2014
(De Beers 2014d)

Section 8.3
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Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

Seepage Monitoring - As per De Beers response to AANDC Comment 21 following their review of the Type
A Water Licence application, De Beers does not agree that low action levels are required for seepage
quality monitoring from the mine rock piles, the Coarse PK Pile, and the Fine PKC Facility. As well as
ongoing visual observations and inspections around the mine site (e.g., construction material, mine roads,
rock pads, water management structures, mine rock piles, the Coarse PK Pile, and the Fine PKC Facility)
for evidence of seepages, surface staining, or mineralization, which will be routinely completed by Mine
Environment team, monitoring locations within the controlled area of the Mine have been proposed in
downstream drainages from mine waste storage facilities (e.g., proposed SNP stations SNP 01-09, SNP
01-10, SNP 01-11, and SNP 01-12; refer to the proposed SNP monitoring locations in the draft WL
submission to the MVLWB, submitted November 2013) that will be routinely monitored as a component of
the SNP. The data from these SNP monitoring stations will also be supplemented with water quality
monitoring data from locations within the Mine area if seepages are identified during the seepage and
runoff survey components of the bi-annual geochemical audit. The results of water quality monitoring from
the SNP and bi-annual geochemistry audits will be compiled in advance of the completion of the annual
geochemistry report, and evaluated for indications of acid generation and metal leaching. The results will
be considered in the context of existing baseline conditions, with respect to changes in concentration
trends over time, and be used to inform management decisions.

De Beers Canada Inc.
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Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

De Beers submitted a draft Geochemical Characterization Plan with the Type A Water Licence application
in November 2013, which was developed in accordance with applicable geochemical guidance documents.
This plan describes the geochemical characteristics of mine materials that will be encountered in the Mine
area during construction and operations, including mine rock, kimberlite, and processed kimberlite. The
Plan describes site geology and details the anticipated quantity and distribution of the various mine waste
materials. The acid rock drainage and metal leaching potential of kimberlite, processed kimberlite, and
mine rock are also described, as are geochemical classification criteria for identification of potential acidgenerating (PAG) material, and its management and placement on site. Mine rock and overburden
monitoring and testing plans are also presented.

Corresponding Section
in Geochemical
Characterization Plan
and/or Other
Document(s)

Gahcho Kué Responses to
Interventions to Water Licence
Application MV2005L2-0015 &
Land Use Permit Application
MV2005C0032 (De Beers 2014e,
DKNF_18)

Geochemical
Characterization Plan

De Beers proposes to developing a mine rock monitoring and testing plan, which will be used to confirm
that PAG rock is identified and appropriately managed or otherwise mitigated to prevent acid generation
and associated metal leaching.

Geochemical Characterization Plan

Section 6

De Beers will establish a detailed geochemical quality assurance/quality control protocol as part of the
standard operating procedures for the mine.

Geochemical Characterization Plan

Section 6.8

De Beers commits to completing bi-annual geochemical audit is an inspection of the storage areas of all
solid-phase waste materials (e.g., mine rock, PK)

Geochemical Characterization Plan

Section 8.1

Established monitoring locations associated with the mine waste storage facilities (e.g., Fine PKC Facility,
mine rock piles) within SNP will be routinely monitored by Environment Services

Geochemical Characterization Plan

Section 8.2

De Beers commits to continue seepage, runoff and SNP water quality monitoring after closure.

Geochemical Characterization Plan

Section 8.2

The Plan provides information that will allow De Beers to assess and manage acid/alkaline rock drainage
(ARD) and potential metal leaching at the Mine during operations. The information collected as part of the
Plan will be compiled on an annual basis and compared to the geochemical dataset for the Mine, including
the results of geochemical testing presented in the Metal Leach and Acid Rock Drainage Update Report
submitted to the MVLWB registry in February 2014. The results of geochemical monitoring will be
evaluated to confirm that mine rock and processed kimberlite management follows the protocols in the draft
Processed Kimberlite and Mine Rock Management Plan submitted to the MVLWB in November 2013,
which states that non-PAG rock will be used for construction of roads and site infrastructure and
construction of a closure cover for the Fine PKC Facility, and PAG rock must be sequestered in designated
areas of the mine rock pile or deposited in the mined-out pits. Depending on the results of monitoring,
mitigation would be possible, with the primary mitigation strategy being to adjust material placement
strategies and/or locations. More active mitigation, if necessary, might include adjusting the closure plan to
reduce mass loading from locations where monitoring indicates the most benefit could be attained.

De Beers Canada Inc.

Gahcho Kué Mine
Geochemical Characterization Plan

Table 1

- 10 -

June 2014
Version 2

Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

Corresponding Section
in Geochemical
Characterization Plan
and/or Other
Document(s)

Overall, we believe that storing it -- encapsulating it within the mine rock pile, it'll be non-acid-generating.
And we'll be monitoring according to the Geochemical Characterization Plan that we put on the record with
the Application to ensure that anything that's coming out of the mine rock pile is monitored.

Public Hearing Day 1 Transcripts
(May 6, 2014) page 74

Section 6
Section 7
Section 8

De Beers Canada Inc. to provide to the MVLWB an update to the Standard Operating Procedure for
handling of the PAG and Non-PAG rock including placement and volumes in the blocks due May 9, 2014

Public Hearing Day 1 Transcripts
(May 6, 2014) page 129

Section 6.2,
and Appendix A

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

Public Hearing Day 1 Transcripts
(May 6, 2014) pages 197 to 198

Section 10

The criteria for defining Non-PAG is material with less than 0.1% total sulphur, unless otherwise approved
by the Board. The Board may consider other criteria for Non-PAG material if the Licensee demonstrates to
the Board’s satisfaction that the Non-PAG criteria has minimal potential for Acid Rock Drainage and Metal
Leaching, and the Licensee submits a revised Geochemical Characterization Plan for reflect the new
criteria. The revised Geochemical Characterization Plan shall be approved by the Board prior to any
changes to the Non-PAG criteria.

Gahcho Kué Water Licence
MV2005L2-0015

Section 11

The Licensee shall annually review the Plans referred to in Part G, item 3 (Waste Management Plan); Part
G, items 4, 5, and 6 (Water Management Plans); Part G, item 12 (Erosion and Sediment Management
Plan); Part G, item 13 (Explosives Management Plan); Part G, item 14 (Geochemical Characterization and
Management Plan); Part G, item 15 (Dyke Construction and Management Plan) and Part G, item 16
(Processed Kimberlite and Waste Rock Management Plan) and make any necessary revisions to reflect
changes in operations. Revised plans shall include a brief summary of the changes made, and shall be
presented in a format consistent with the Mackenzie Valley Land and Water Board’s Standard Outline for
Management Plans. Revised Plans shall be submitted to the Board for approval at the following times:
a) At least sixty (60) days prior to any proposed changes to the requirements in the approved Plan; and
b) Upon the request of the Board.

Gahcho Kué Water Licence
MV2005L2-0015

Summary of Changes
Table page ii
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Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

Corresponding Section
in Geochemical
Characterization Plan
and/or Other
Document(s)

A minimum of sixty (60) days prior to the commencement of Construction, the Licensee shall submit a
revised Geochemical Characterization Plan to the Board for approval. The Plan shall meet the objectives
listed in Part G, item 1 and detail how the Licensee will geochemically classify and manage Waste Rock,
coarse and fine processed kimberlite, ore, and other materials in order to minimize Acid Rock Drainage and
Metal Leaching. The Plan shall also satisfy the requirements of Schedule 5, item 7 and be in conformity
with the approved SOP required under Part E, items 6, 7, and 8. The Plan shall address the Construction
and Operation phases of the Project. The Licensee shall implement to draft Geochemical Characterization
Plan Management Plan submitted on November 28, 2014 and updated on June 30, 2014 until the Board
has approved the updated Plan.

Gahcho Kué Water Licence
MV2005L2-0015

Geochemical
Characterization Plan

The Licensee shall construct, operate, and maintain the South Mine Rock Pile, West Mine Rock Pile, the
Fine Kimberlite Containment Facility, and the Coarse Kimberlite Containment Facility, and all other Waste
storage facilities, to design specifications/engineering standards such that:
b) Any Seepage from the Waste storage facilities that occurs and does not meet effluent quality
requirements, as specified in Part G, shall be prevented from entering the Receiving Environment;
c) Any constructed facilities that are eroded are repaired immediately;
d) Monitoring of the Waste storage facilities is sufficient to ensure that:
i. Performance design criteria, as described in the Final Detailed Design Plan documents referred to in Part
E, items 9 and 10, are being met;
ii. Changes in management of the Waste storage facilities, including any necessary additional mitigations
are identified; and
iii. Material will be handled and stored within the Controlled Area based on its PAG or Non-PAG status, as
characterized by geochemical testing as defined in the Geochemical Characterization Plan.
e) Conditions for eventual closure and Reclamation of the Waste storage facilities are optimized; and
f) Procedures are in place to ensure that the Licensee will take appropriate actions if defined Action Levels,
as defined in the Processed Kimberlite and Waste Rock Management Plan, are exceeded.

Gahcho Kué Water Licence
MV2005L2-0015

Section 6

The Licensee shall ensure that geochemical inspections of the Engineered Structures, ore stockpile areas,
road fill, pits, and airstrip are in conformance with the approved Geochemical Characterization Plan.

Gahcho Kué Water Licence
MV2005L2-0015

Section 8
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Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

A summary of results of any monitoring and the seepage surveys conducted in accordance with the
approved Geochemical Characterization and Management Plan, required in Part G, item 14 of this Licence,
undertaken during the previous calendar year, including:
i. A comparison of the annual quantities of the different types of Waste Rock generated to predictions made
in the approved Geochemical Characterization and Management Plan;
ii. A summary and interpretation of results from the geochemical monitoring performed under the approved
Geochemical Characterization and Management Plan, referred to in Schedule 5, item 7;
iii. A summary of results from investigations or activities related to field test cells;
iv. A summary and interpretation of water quality monitoring results for each of the main source areas
(Waste Rock piles, Open Pits, camp pad, and airstrip) and how these compare to predicted values;
v. A summary of any exceedances of the Action Levels described in the Geochemical Characterization
Plan;
vi. A description of actions taken in response to any Action Level exceedances under the Geochemical
Characterization Plan; and
vii. Any geochemical inspections reports from the preceding year, as appendices to the Annual Water
Licence Report.
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Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

The Geochemical Characterization Plan referred to in Part G, item 14 of this Licence shall include, but is
not limited to, the following:
a) A summary of findings from previous geochemical characterization (Acid Rock Drainage/Metal Leaching
potential) on the Waste Rock, Fine and Coarse Processed Kimberlite, and Overburden including
references and weblinks to previous reports;
b) Criteria for defining PAG materials;
c) Updated production schedules showing estimated volumes and tonnages of Waste Rock, Fine and
Coarse Processed Kimberlite, and Overburden that will be produced each year over the duration of the
Project;
d) Details on the geochemical characterization of overburden that will be used in Construction or for
Reclamation, including specific measures to ensure that this material meets or exceeds the geochemical
cutoff criteria defined for Non-PAG;
e) Information regarding geochemical inspections and supplemental monitoring program, including:
i. Details on the geochemical site inspection, including visual inspections, and supplemental sampling and
testing on each type of Waste Rock, Fine and Coarse Processed Kimberlite, and Overburden material;
ii. Details on sampling and analysis results of any Seepage with runoff inputs to the Water Management
Pond as well as any outside of the Controlled Area (including SNP stations 11-17), following the sampling
frequency and sampling parameters defined for SNP stations 11-17, and including a description of the
location where Seepage is observed and sampled. Results shall be compared to appropriate reference
locations in unaffected areas.
iii. Details on monitoring of the field test cells, including sampling frequency, field measurements and
analytical parameters;
iv. A description of the process that would be followed to change the proposed monitoring program,
recognizing that any changes would require approval by the Board;
v. Linkages to other monitoring programs required in this Licence; and
vi. Any other information about the monitoring that will be performed to meet the objective in Part G, items
1 and 14 of this Licence.
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Summary of Commitments for Geochemical Characterization Plan (continued)

Commitment

Reference Document

f) Information regarding contingencies and 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 objectives listed in Part G, item 1 of this Licence are met. This description shall include:
a. Definitions, with rationale for Action Levels applicable to the performance of the Geochemical
Characterization and Management Plan with respect to geochemical stability as well as Seepage and
runoff quality and quantity; and
b. For each Action Level, a description of how exceedances of the Action Level will be assessed and
generally which types of actions may be taken by the Licensee if the Action Level is 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.
iii. Results shall be reported in the Annual Water Licence Report as per Part B, item 10 of this Licence and
Schedule 1, item 1. This shall include:
a. an overview analysis of major trends, site plans indicating the locations of Seepage, and summary of
recommendations for future Seepage monitoring or management actions; and
b. an interpretation of the results of all survey data collected since Project inception with site plans
indicating the locations of Seepage and the quality assurance and quality control procedures used.
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SITE GEOLOGY
This section provides an overview of the geology and mineralogy of the main
rock types at the Mine. This information has been summarized from Section 3 of
the 2012 EIS Supplement (De Beers 2012a).
Three economic kimberlite ore bodies have been identified at Kennady Lake: the
5034, Hearne, and Tuzo deposits. These ore bodies comprise kimberlite pipes of
varying grade of diamondiferous ore juxtaposed with each other and the mine
rock. Some mine rock is interspersed within the ore bodies and consists mainly
of granite with lesser amounts of altered granite, granodiorite, altered
granodiorite, diabase, and diorite.
The ore bodies are located under the southwest portion of Kennady Lake, with
the exception of a portion of the 5034 ore body, which extends under the
peninsula (Figure 3). The ore bodies under the lake are covered with glacial till,
sediment, and granite boulders.

2.1

KIMBERLITE
Several kimberlite facies have been recognised within the ore bodies, including
hypabyssal kimberlite, transitional hypabyssal kimberlite, tuffisitic kimberlite, and
tuffisitic kimberlite breccia (De Beers 2013a).
Hypabyssal kimberlite is the major kimberlite unit within the 5034 pipe.
Sulphides are present as stringers or fracture infillings in the 5034 kimberlite near
the contact zone between kimberlite and granodiorite host rock (De Beers 2010).
Kimberlite from the interior of the 5034 pipe is generally free of sulphides.
Calcite is present as fracture infillings in the 5034 pipe.
The Hearne pipe is made up of tuffisitic kimberlite breccia and hypabyssal
kimberlite.
The Tuzo pipe is dominated by tuffisitic kimberlite breccia.
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MINE ROCK
The rock surrounding the kimberlite bodies at the Mine consists of primarily
granite, with lesser amounts of altered granite, granodiorite, altered granodiorite,
diabase, and diorite (De Beers 2013a). No carbonate was observed in the
granodiorite. Some fine-grained disseminated pyrite and fracture-fill pyrite was
visible in portions of the granodiorite (De Beers 2013a).

2.3

OVERBURDEN
The ore bodies lie beneath a layer of glacio-lacustrine sediments, including lake
bottom sediment and till.
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ANTICIPATED QUANTITY AND DISTRIBUTION
OF MINE MATERIALS
This section provides an overview of the anticipated quantity and distribution of
the mine materials that will be generated at the Mine, including: kimberlite and
processed kimberlite, mine rock, and overburden. A detailed discussion of the
mine material management protocols is provided in the Processed Kimberlite and
Mine Rock Management Plan (De Beers 2014a).

3.1

KIMBERLITE AND PROCESSED KIMBERLITE
Approximately 33.4 Mt of kimberlite ore will be mined from the three open pits.
Kimberlite material will be temporarily placed in a run-of-mine (ROM) kimberlite
ore stockpile during operations (Figure 3). The ROM ore stockpile will serve as a
staging area for 50,000 to 250,000 tonnes (t) of ore to act as a buffer against the
irregular flow of ore from the open pits to the processing facility. No kimberlite
ore will remain in the ROM stockpile after closure.
Processed kimberlite is the material that remains after all economically and
technically recoverable diamonds have been removed from kimberlite during
processing. Processed kimberlite will be divided into two waste streams, which
are defined by grain size.
Coarse PK comprises material between
0.25 millimeters (mm) and 6 mm. Fine PK comprises the less than 0.25 mm
grain size fraction.
The planned deposition of fine and coarse PK is summarized in Table 1. All PK
material will be contained within the controlled area of the Kennady Lake
watershed (the controlled area is the area of the Kennady Lake watershed that is
isolated by the placement of Dyke A, to separate Area 7 from Area 8 in Kennady
Lake, and the establishment of diversion dykes in the upper watersheds A, B, D,
and E during construction, operations, and closure). Fine PK is expected to
comprise 30 percent by weight (wt%) of the PK streams. Due to refinements to
the mine plan from engineering updates and commitments made during the
MVEIRB EIR process (De Beers 2013a), the mass ratio of fine PK material
discharged from the process plant has been updated to 30 wt%, compared to
25 wt% presented in the 2012 EIS (De Beers 2012a). This change results in
revised proportions of fine PK and coarse PK produced over the life of the mine.
The revised mass of fine PK and coarse PK is still within the design capacity of
the fine and coarse PK storage facilities.
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Planned management of the fine PK fraction involves the following:


deposition of fine PK into the Fine PKC Facility;



deposition of fine PK into the mined-out 5034 Pit; and



deposition of fine PK into the mined-out Hearne Pit.

The timing of fine PK deposition into the Fine PKC and/or into the mined-out pits
may vary according to operational requirements.
Coarse PK will comprise approximately 70 wt% of the PK streams. Planned
management of the coarse PK fraction involves the following:


placement of coarse PK in the Coarse PK Pile;



placement of coarse PK in the West Mine Rock Pile; and



alternate placement of coarse PK in either mine rock pile or mined-out
pits before or after on land Coarse PK Pile reaches capacity.

The disposal plan is designed to be flexible to allow for changes in the fraction of
fine and coarse PK in the stream at any given time.
Table 1

Processed Kimberlite Management
Fine Processed Kimberlite (Mt)

Year

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

Total

Fine PKC
Facility

Mined-out
Hearne Pit

0.1
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
0.9
10.0

0.1
0.9
0.9
0.9
0.9
0
3.7

0.9
0.9
0.9
0.9
0.9
0.9
0.9
6.3

Total
0.3
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
2.1
23.4

Coarse and Grits (Mt)
Dyke
Coarse
Construction
PK Pile
and
Reclamation
0.3
2.1
2.1
2.1
1.9
1.2
0.3
10.0

0.2
0.9
0.7
1.8

Source: De Beers 2013a.
Notes:

Tonnages updated to reflect a revised ratio of fine/coarse PK of 30 wt%/70 wt%.
The timing, sequence, and volume of PK waste stream production and location of its deposition may vary
according to operational requirements.

Mt = million tonnes; PK = processed kimberlite; PKC = processed kimberlite containment; - = no kimberlite to deposit;
wt % = percent by weight.
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MINE ROCK
Mine rock includes the excavated bedrock surrounding the kimberlite deposits.
This material will be stored or used in one of the following locations as follows:


Mine rock will be placed in mine rock piles in and adjacent to Area 5
(West Mine Rock Pile) and Area 6 (South Mine Rock Pile) Figure 3;



Some mine rock will be placed in the mined-out Hearne/5034 pits; and



Some rock from the mine rock piles will also be used for construction of
roads, dykes, and dams, as well as reclamation activities.

Approximately 300 Mt of mine rock will be produced during the mining of the
three open pits. About 65% of the mine rock will be deposited on the West and
South Mine Rock Piles. The remaining 35% will be deposited in the mined-out
Hearne/5034 pits. The estimated distribution of mine rock placement by mine
year is shown in Table 2.
Table 2

Distribution of Mine Rock by Year
5034 Mine Rock (Mt)

Year

Total
Mined

Hearne Mine Rock (Mt)

To South To West
Mine
Mine
Rock Pile Rock Pile

Total
Mined

To West To South
Mine
Mine
Rock Pile Rock Pile

Tuzo Mine Rock (Mt)
Total
Mined

To
To West
Hearne/
Mine
5034 Pits Rock Pile

-2

10.3

10.3

-

-

-

-

-

-

-

-1

12.2

12.2

-

-

-

-

-

-

-

1

16.3

15.4

0.82

18.8

0.94

17.9

-

-

-

2

16.5

16.5

-

18.5

0.45

18.1

-

-

-

3

11

9.7

1.3

10.4

10.4

-

-

-

-

4

18.1

-

18.1

1.3

-

17.5

-

17.5

5

19

-

19

-

-

6

10.4

-

10.4

-

-

-

15.7

13.7

7

1.8

-

1.8

-

-

-

34.8

34.8

-

8

-

-

-

-

-

-

33.8

33.8

-

9

-

-

-

-

-

-

14.2

14.2

-

10

-

-

-

-

-

-

5.8

5.8

-

-

-

11
Total

115.6

64.1(a)

51.4(a)

1.3
-

49

13.1

36.0(a)

11.9

1.6

1.7

1.7

135.4

105.5

10.4
2.0

29.9(a)

Source: De Beers 2013a.
Note:

The timing, sequence, volume, and location of mine rock removal and deposition may vary according to
operational requirements.

(a)

Portion of mine rock to be used for dyke, road construction, and closure cover (approximately 7.6 Mt total).

(b)

The actual total quantities of mine rock placed in the mine rock piles and mined-out 5034 Pit will be slightly less.

Mt = million tonnes; - = no mine rock to deposit.
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Mine rock will be classified as potentially acid generating (PAG) or nonpotentially acid generating (non-PAG) according to the geochemical classification
criterion outlined in Section 5. In the first two years of operation, PAG rock will
be placed within the mine rock piles; the basal layer of the mine rock piles is
below the final closure water level of Kennady Lake. Between Year 2 and Year
4, PAG rock will be segregated within the core of the mine rock piles. After Year
4, the PAG rock will be placed in the mined out open pits, which will ultimately be
below the final closure water level of Kennady Lake. Submersion of rock below
the final water level of Kennady Lake will mitigate the acid generation potential of
PAG rock. Rock placed above the final water table in the mine rock piles will be
segregated in designated areas in the pile to reduce future mitigation
requirements.

3.3

OVERBURDEN
Overburden includes the glacio-lacustrine sediments and till that must be
removed from the ore bodies prior to mining. Overburden will be used at the Mine
as follows:


Dykes will be constructed within the Kennady Lake sub-watershed
areas using overburden;



Overburden will be used to regrade the dewatered lakebed to manage
runoff;



Overburden will be used to cover areas of reactive mine rock in the core
of mine rock piles; and



Excess overburden will be deposited in designated areas in the mine
rock piles.

Approximately 8.9 Mt (i.e., 3.9 Mm3) of overburden will be excavated. The
approximate quantities and locations of overburden placed on the site from prestripping through Year 6 are presented in Table 3.
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Deposition of Overburden from Pre-stripping from Year -2 to Year 6
Pit Overburden Removal
(Mt)

Overburden Deposition
(Mt)

Year
5034

Hearne

Tuzo

Overburden for
Construction of
(b)
Dykes and Berms

Placed in Overburden
Stockpile within Mine
Rock Piles or for
Other Site Uses(b)

-2

1.95

-

-

0.31

1.64

-1

1.0

-

-

0.14

0.86

1

0.5

2.3

-

1.88

0.92

2

-

-

-

0.25

-0.25(a)

3

-

-

-

0.15

-0.15(a)

4

-

-

1.8

0.08

1.72

5

-

-

-

-

-

6

-

-

1.3

0.13

1.17

Total

3.45

2.3

3.1

2.94

5.91

(a)

Negative value means removal from overburden stockpile for dyke construction.

(b)

The timing, location, sequence and volume of overburden may vary according to operational requirement and detailed
dyke design.

Mt = million tonnes; - = no deposit.
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ACID ROCK DRAINAGE AND METAL LEACHING
POTENTIAL
This section provides an assessment of the potential for acidic or alkaline
drainage, and for metal leaching from the kimberlite ore stockpile and PK storage
facilities during operations and after closure. It also provides a geochemical
characterization of material that will be used for construction and reclamation,
The pre-development geochemical dataset for the Mine is robust, consisting of
509 samples of kimberlite, 61 samples of processed kimberlite, and
1,236 samples of mine rock that were evaluated between 1996 and 2012 in
support of the EIS for the Project (De Beers 2012a). The objective of the
geochemical characterization program completed as part of the EIS was to
evaluate the ARD and metal leaching potential of a representative dataset to
develop an understanding of the geochemical characteristics of materials
expected to be encountered under the range of conditions that may be realized
during construction and operations.
The results of geochemical characterization of the main rock types are
summarized in the following sections. Detailed results are presented in
Appendix 8.III of the 2012 EIS Supplement (De Beers 2012a) and in the Gahcho
Kué Project Metal Leaching and Acid Rock Drainage Report – 2013 Update
(Golder 2014).

4.1

KIMBERLITE ORE
Kimberlite ore consists primarily of kimberlite material typically pervasively
altered to clay minerals, with trace amounts of chlorite, talc, and biotite, and
lesser inclusions of granitic and basic rock fragments.
Olivine, quartz,
amphibole, and k-feldspar were identified in small amounts. Carbonate minerals
were identified in trace amounts, and sulphide minerals including pyrite,
chalcopyrite, and pyrrhotite are rare.
The results of geochemical characterization indicate that kimberlite is nonpotentially acid generating (non-PAG). The average total sulphur concentration
of kimberlite samples in the geochemical dataset was 0.04% (<0.01 to 0.75%
total sulphur) (De Beers 2012a, Appendix 8.III). Kimberlite contains significant
neutralization potential. The dissolution of carbonate minerals during chemical
weathering of kimberlite will buffer the acidity resulting from sulphide mineral
oxidation.
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The acid generation potential of kimberlite was confirmed by the results of longterm leach testing (i.e., humidity cell testing [HCT]). Neutral to alkaline pH values
were maintained through the duration of the kimberlite kinetic tests. Initial metal
concentrations were low, and decreased over time after the first five weeks of
testing, which represents the typical initial flushing period of the test sample.

4.2

PROCESSED KIMBERLITE
The results of geochemical characterization of coarse-grained and fine-grained
PK were similar to those of kimberlite.

4.2.1

Coarse Processed Kimberlite
Coarse PK is non-PAG, owing to the low concentrations of total sulphur relative
to the carbonate content of the material. Coarse PK samples contained between
<0.01% and 0.06% total sulphur, with an average total sulphur concentration of
0.03%.
Long-term HCTs confirmed that coarse PK is non-PAG. Metal concentrations
were generally below or near analytical detection limits in the HCT leachates.
Submerged column leach tests (SCT), which were conducted to confirm the
geochemical characteristics of saturated coarse PK, indicated that saturated
coarse PK also has a low potential for acid generation and metal leaching.

4.2.2

Fine Processed Kimberlite
The mineralogical assemblage in fine PK samples was the same as coarse PK
samples, with the exception of sulphide minerals. Sulphide minerals were not
detected in fine PK samples. Fine PK samples contained between <0.01% and
0.09% total sulphur. Fine PK samples contained comparable neutralization
potential to the coarse PK.
The results of HCT confirmed that fine PK is non-PAG, and has a low metal
leaching potential. Leachate concentrations of some metals (i.e., arsenic,
selenium, iron, molybdenum, boron, antimony, lithium, chromium, and zinc) were
greater than the concentrations measured in coarse PK HCT leachates;
however, concentrations were still generally low.
The results of SCTs indicated that fine PK had a mixed potential for metal
leaching in saturated conditions. The pore water of one of the fine PK SCTs
reported elevated phosphorus concentrations, which were not observed in the
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pore water of any other fine PK SCT. The results of detailed mineralogical
analysis of the fine PK sample that reported the unusual SCT phosphorus result
possessed trace to rare amounts of apatite and monzonite, and a unique
phosphorus mineral phase (unnamed Fe-Ti-P mineral), which was not found in
any other fine PK sample.

4.3

MINE ROCK
Mine rock consists mainly of granite (greater than 95%), with lesser amounts of
altered granite, granodiorite, altered granodiorite, diabase, and diorite. The
dominant minerals in granite samples are silicate minerals, including k-feldspar,
quartz, bioitite, plagioclase, muscovite-sericite, chlorite, magnetite, pyroxene and
olivine. Sulphide minerals include pyrite, pyrrhotite and chalcopyrite. Calcite
was identified in trace amounts.
This granitic rock contains very little sulphide mineralization. Based on median
concentrations, granite contains the lowest amount of total sulphur and sulphide
sulphur or all rock types (median concentration of 0.01 wt%). The altered granite,
altered granodiorite, and diorite have median sulphide sulphur concentrations of
0.27 wt%, 0.12 wt%, and 0.16 wt%, respectively. However, mine rock also
contains negligible neutralization potential, so some samples have been
classified as potentially acid generating (PAG).
The results of HCT confirmed that mine rock samples containing greater than
0.1% total sulphur are capable of generating acidic leachate. Acidic HCT
leachates also reported elevated metal concentrations. A summary of acid
generation potential by rock type on the samples tested is provided in Table 4.
Overall, less than 7.5% of mine rock is expected to have acid generating
potential (De Beers 2012a).

Table 4

Summary of Acid Generation Potential for Mine Rock by Rock Type
Total Number of
Samples

Rock Type

0.1% Sulphur

n

n

Percent
(%)

1,189

63

5

Altered granite

10

7

70

Diabase

7

3

43

Diorite

1

1

100

Granite

Gneissic granite

9

2

22

Granodiorite

6

1

17

16

16

100

1,238

93

-

Altered granodiorite
Total number of Samples

Source: De Beers 2012a (Appendix 8.III, Table 8.III-35).
n = number of samples; % = percent; - = not applicable.
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CLOSURE CONDITIONS
Closure and reclamation is expected to take place progressively throughout the
operation period as summarized below:


Overburden and soils will be stockpiled and used for construction and/or
reclamation activities. As progressive reclamation occurs, any
overburden and soils not required for construction at the Mine will be
recovered from stockpiles and spread over reclaimed areas that may
benefit from additional soil cover.



A layer of non-PAG mine rock will be placed on the upper and outer
surface of the mine rock piles. The piles will not be otherwise covered
or mitigated.



The Fine PKC Facility will be reclaimed during mine operations. The
Fine PKC will be progressively covered with a layer of non-PAG mine
rock and coarse PK, as material becomes available.



The Coarse PK Pile will be shaped and covered with a 1 m layer of nonPAG mine rock.



The 5034 Pit will be completely backfilled with fine PK and mine rock
during the mining of the Tuzo Pit.



The Hearne Pit will be backfilled with fine PK progressively during
mining, and then allowed to re-flood with runoff water, pit water and
decant water from the fine PK.



The Tuzo Pit will be allowed to flood after the completion of the
operations phase.

It is expected that at closure, any materials exposed at the Mine site will be nonacid generating, and will release low concentrations of dissolved metals.
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5

GEOCHEMICAL CRITERION FOR MANAGEMENT
AND PLACEMENT OF MINE MATERIALS

5.1

MINE ROCK
The protocols in the Processed Kimberlite and Mine Rock Management Plan
(De Beers 2014a) state that non-PAG rock may be used for construction of roads
and site infrastructure and construction of a closure cover for the PKC, and PAG
rock must be sequestered in designated areas of the mine rock piles or placed
within mined-out pits. As discussed in Section 4.3, small portions of each mine
rock lithology are potentially acid generating. Therefore, it is not possible to
classify rock as PAG or non-PAG based on lithology. Generally, visual
classification based on observation of sulphide mineral deposits is not a
recommended method for geochemical classification of mine rock, as it is difficult
to quantify the presence of fine-grained disseminated minerals on a consistent
basis. Therefore, a quantitative method of measuring the acid generation
potential of mine rock is required to carry out the protocols outlined in the
Processed Kimberlite and Mine Rock Management Plan (De Beers 2014a).
According to the results of acid base accounting (ABA) and kinetic testing, acid
generation potential is a function of sulphide mineral content of mine rock. As
such, the sulphide-sulphur concentration is an appropriate basis for evaluation of
acid generation potential. The results of acid base accounting confirm that
sulphide minerals are the dominant source of sulphur in most mine rock samples.
The results of humidity cell testing indicate that mine rock containing greater than
0.1% total sulphur has some potential for generating acidity, owing to the lack of
neutralization potential in the granitic mine rock. Only one HCT in the
geochemistry dataset contained greater than 0.1% total sulphur. This HCT
reported acidic leachates with elevated metal concentrations.
A geochemical criterion of 0.1% total sulphur has been selected for mine rock
classification:


Mine rock containing greater than 0.1% total sulphur will be classified as
PAG.



Mine rock containing less than 0.1% total sulphur will be classified as
non-PAG.

Confirmation samples will be collected for the purpose of mine material
classification using the geochemical criterion. Section 7 presents detailed
procedures for mine material classification.
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Site development plans are based on the use of mine rock based on
geochemical classification of mine rock as non-acid generating (non-AG) or PAG:

5.2



Non-AG mine rock will be used to construct site facilities (i.e., roads,
building foundations, and airstrip), and filter dykes. Non-AG mine rock
not required for use in construction will be stored in the South Mine
Rock Pile, the West Mine Rock Pile, and the mined-out 5034 Pit (once
this facility becomes available). After the 5034 Pit is full, non-AG rock
will continue to be placed in the West Mine Rock Pile.



PAG mine rock, as well as any barren kimberlite, will be sequestered
within the interior of the mine rock piles or placed within a pit.



In the mine rock piles, PAG rock will be enclosed within enough non-AG
rock to limit exposure to oxygen extending into the enclosed material.
Till from ongoing pit stripping will be used to cover PAG rock placed
within the interior of the structure to keep water from penetrating into
that portion of the repository. Water runoff will occur on the non-AG rock
cover areas. While all the water will not be stopped completely from
penetrating a till and non-AG rock envelope, minimal water is expected
to penetrate to the PAG rock areas.



The PAG rock placed in a pit will be flooded as Kennady Lake is refilled. Flooding of PAG rock will also limit exposure to oxygen and
reduce the potential for sulphide oxidation and acid generation.

OVERBURDEN
Overburden will be classified according to the geochemical criteria for mine rock
classification described in Section 5.1 Overburden classified as PAG will be
handled in the same manner as PAG mine rock, as described in Section 5.1
Non-PAG overburden will be used for site construction, or deposited in
designated areas in the mine rock piles.
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PROPOSED MINE ROCK MONITORING AND
TESTING PLAN
A mine rock monitoring and testing plan is required to ensure the placement of
mine rock, as described in Section 5. The objective of the mine rock monitoring
and testing plan is to confirm that PAG rock is identified and appropriately
managed or otherwise mitigated to prevent acid generation and associated metal
leaching.
The mine rock monitoring and testing plan will include the following components:


Assignment of Roles and Responsibilities;



Development of Monitoring and Testing Procedures;



Planning;



Sample Collection and Analysis;



Evaluation and Comparison to Criteria;



Physical Handling of Mine Rock; and



Quality Assurance / Quality Control.

Figure 4 outlines the main components of the mine rock monitoring and testing
plan.
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Proposed Mine Rock Monitoring and Testing Plan

Mine planning –
Identify blast holes for
sample collection

Sequestered within
Mine Rock Pile(s)

Placement in Pit

Mine Blast

Sample Collection

Total
Sulphur
> 0.1%

Potentially Acid
Generating Mine Rock

Total
Sulphur
< 0.1%

Non-Potentially Acid
Generating Mine Rock

Sample Analysis

Roles and Responsibilities
Engineering/mine planning
Geology
Laboratory
Construction of
Site Facilities

Decision/Mine Rock Classification
Material Placement

Notes on Sample Collection Frequency:
Sample frequency may be mandated in the Water License. However, a minimum sample frequency will be required to capture
the geotechnical variability of the mine rock, and will be a function of the spacing and depth of blast holes.
Sample frequency will be determined in consultation with De Beers based on the tonnage of rock that is represented by each
blast hole, and the minimum sample frequency required to delineate PAG mine Rock
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ROLES AND RESPONSIBILITIES
The responsibilities outlined in the mine rock monitoring and testing plan will
involve several departments at the Mine, including Technical Services (Geology),
Engineering, Site Services and Environment.

6.2

MONITORING AND TESTING PROCEDURES
The mine rock monitoring and testing plan requires the implementation of
standard operating procedures, including:


mapping of rock type limits by trained geological personnel;



sample collection, including identification of blast holes for sample
collection and collection of blast hole cuttings for geochemical testing
(De Beers 2012c);



sample analysis; and



material flagging and relocation.

A standard operating procedure (SOP) detailing a uniform method for the
handling and placement of mine rock at the Gahcho Kué site is documented in
Appendix A. This SOP includes a description of the collection rate of appropriate
samples, responsibilities for sampling and data analysis, criteria for identification
PAG rock, placement of PAG rock in designated areas, and the requisite
sampling and analysis of mine rock material. The results of the testing program
for sample collection and analysis will verify the approach for characterization of
the mine rock and its handling and placement. If required, the SOP will be
updated.
Updates to the SOP will be documented in revisions to the
Geochemical Characterization Plan, which will be submitted to the Mackenzie
Valley Land and Water Board for approval.
Standard operating procedures will be maintained by the Site Environmental
Manager. Copies will be provided to the Construction Manager, Mining Manager,
and Technical Services Manager (Geologist). Standard operating procedures
will be reviewed on a routine basis, as necessary based on site conditions under
the Mine’s Environmental Management System (EMS).

6.3

PLANNING
A mine rock development plan will be routinely prepared (e.g., monthly) by the
Mine Planning Department as a component of the operational mine planning.
The development plan will include:
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an estimation of the amount of mine rock to be mined at each location
prior to mining;



a compilation of the analytical results of mine rock sample analysis to
identify potential zones of PAG mine rock;



preparation of maps showing the available geochemical data and
estimated rock type designation (PAG or non-PAG) based on the
available results of geochemical analysis in the area; and



identification of blast holes for sample collection.

The development plan will be communicated to the Geologists. Geology will
complete a geologic review prior to the sample collection. The purpose of this
review will be to identify the geologic conditions and setting of the rock, and the
presence of visible sulphide mineralization in the mine rock. The sample
collection plan for each area will be confirmed on the basis of the visual review
by the Geologists.

6.4

SAMPLE COLLECTION AND ANALYSIS
Trained mine geology personnel will inspect and map the active face to confirm
the visual characteristics of the rock in the muck pile. The face mapping will
record the location of structures or zones in which sulphide minerals are
observed.
Geology will collect blast hole cutting samples from development zones in the
open pits prior to blasting. Samples will be collected from the drill hole cuttings at
a frequency that represents 8 samples per 100,000 t of rock, as recommended in
Price (1997). This sample frequency equates to one sample per 12,840 t.
Assuming a bench height of 12 m, the bench sample grid will be approximately
20 m.
Sample collection will take place daily. Daily sample frequency may be
increased adaptively based operational monitoring results and the face mapping
information in order to improve the evaluation of the volume of PAG rock.
The overall sample frequency of 8 samples per 100,000 t of rock will be used
during construction and early operations. The sampling frequency may be
adjusted based on the review of the data performed as part of the annual
monitoring report.
Blast hole cutting samples will be submitted for total sulphur analysis to an offsite, accredited laboratory. Total sulphur content will be analysed by an
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accredited laboratory using an appropriate sulphur analytical technique (e.g.,
LECO furnace analyser, or similar). Analytical methods will be calibrated to
achieve results at a detection limit suitable for classification according to the
geochemical criterion presented in Section 5.1.

6.5

EVALUATION AND COMPARISON TO CRITERIA
The results of the analysis of mine rock samples will be provided to the
Geologists. A designated mine geologist will compare the analytical results to
the geochemical classification criteria in Section 5.1. The results of comparison
and evaluation will be used to classify the material in a blast round as PAG or
non-PAG:


If the results of analysis of a sample (or cluster of samples) confirm the
presence of material containing greater than 0.1% total sulphur, the
area from which the samples were collected will be considered PAG.



Additional testing may be completed (i.e., ABA or Net Acid Generation
(NAG) testing) to further evaluate the characteristics of the material in
an area.

The Mine Geologist will identify PAG and non-PAG zones at each working area,
which will be communicated to the mine operations team as outlined in
Section 6.6.

6.6

PHYSICAL HANDLING OF MINE ROCK
The Mine Geologist will confirm the properties of mine rock at each working
zone. The area to be demarcated will be based on the boundary of the closest
non-PAG samples immediately adjacent to the PAG samples, and will be set at
roughly half the distance between the PAG sample and the non-AG sample
locations. This protocol will be reviewed and updated as required as the
database of available information increases during operations.
Muck piles will be flagged using a coded colour scheme:


Green flags: Non-PAG rock that can be used for general site
construction purposes, or placed in the mine rock pile; and



Red flags: PAG rock to be sequestered within the interior of the South
Mine Rock Pile, and West Mine Rock Pile, or the mined-out pits.
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The operators will be made aware of colour codes and material designations.
The mine operations team will be responsible for monitoring the loading of mine
rock after blasting to ensure that PAG material is being dispatched to the
assigned PAG area.
A detailed outline of this procedure will be prepared for the purpose of operator
training, including the parties responsible for proper placement of material and
tracking of material placement. The procedures will be developed as a
component of the operational management system for the mine, and refined
during operations in accordance with the requirements of the EMS.

6.7

TRACKING
The amount of PAG material (i.e., truck loads/t) placed on each level of the mine
rock piles will be recorded by the mine operations team and provided to the mine
geologist. This information will be provided to the Project geochemist in advance
of the bi-annual geochemical site inspection for the purpose of inspection
planning.
This information will be documented in the Geochemical
Characterization Plan to evaluate the overall acid generation potential of the
mine rock pile.

6.8

QUALITY ASSURANCE / QUALITY CONTROL
A detailed quality assurance/quality control protocol will be established as part of
the standard operating procedures for the mine. Quality assurance/quality control
procedures could include the following:


selection of an accredited laboratory for the analysis of samples



use of standard collection, handling and preservation of samples prior to
analysis



laboratory-specific procedures for analysis;



collection of duplicate samples;



confirmation of sampling and analysis; and



routine inspection of the classification and placement of Mine Rock by a
Professional Geologist of NWT. This will involve review of the data
collected, visual inspection of the rock placed on-site, and collection of
supplemental samples for geochemical analysis.
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OVERBURDEN MONITORING AND
CLASSIFICATION
Overburden samples will be collected during the onset of overburden excavation
at the beginning of construction to confirm the geochemical characteristics of
overburden (Figure 5). Overburden samples will be submitted for total sulphur
analysis according to the procedures outlined in Section 6.4. The distribution of
overburden reporting greater than 0.1% total sulphur will be considered in
determining the classification as PAG or Non-PAG, and will be handled
according to the procedures for PAG mine rock outlined in Section 6.6.
Sediment classified as PAG or metal leaching, based on the classification
developed for mine waste, will not be used for construction purposes (De Beers
2012b).
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Proposed Overburden Monitoring and Testing Plan
Sequestered within
Mine Rock Pile(s)

Placement in Pit

Overburden
Excavation

Sample Collection

Total
Sulphur
> 0.1%

Potentially Acid
Generating
Overburden

Total
Sulphur
< 0.1%

Non-Potentially Acid
Generating
Overburden

Sample Analysis –
up to 30 samples
(startup) followed by
up to 5 samples per
month during active
overburden
excavation

Roles and Responsibilities
Engineering/mine planning
Geology

Construction of
Site Facilities

Laboratory
Decision/Overburden Classification
Material Placement

Notes on Sample Collection Frequency:
Sample frequency may be mandated in the Water License. The sample frequency will be decreased after a sufficient dataset has
been gathered as to confirm the characteristics of overburden that will be excavated from each ore deposit.
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PERFORMANCE MONITORING
Three monitoring components are required for this Plan: the bi-annual
geochemical audit, the surveillance network program (SNP), and construction
and monitoring of field cells.

8.1



The bi-annual geochemical audit is an inspection of the storage areas of
all solid-phase waste materials (e.g., mine rock, PK), which focuses on
testing of material testing to confirm their acid-generating potential (are
the materials stored appropriately) and the sampling and analysis of any
observed seepage or runoff around these storage facilities. The site
inspection will be conducted under the supervision of a Professional
Geologist of the Northwest Territories.



Within the SNP, there are established monitoring locations associated
with the mine waste storage facilities (e.g., Fine PKC Facility, mine rock
piles). These locations will be routinely monitored by Environment
Services.



Field tests will be constructed at the Mine site using samples of mine
rock and processed kimberlite representative of the materials that will be
placed in the mine rock piles, open pits, fine PKC facility, and coarse PK
piles. These tests will be monitored routinely throughout construction
and operations for the purpose of supplementing the existing
geochemical dataset with site-specific data related to material
weathering rates.
This information will be used to confirm the
geochemical classification criterion.

BI-ANNUAL GEOCHEMICAL AUDIT
A bi-annual geochemical audit will be completed during the construction and
operations phase; the audit frequency will be re-evaluated prior to operations.
The audits will take place immediately after the spring freshet, and in late
summer before freeze up. The frequency of the audit may be reduced following
closure of the storage facilities. The site inspection will include the following
components:


Geochemical inspection of areas of mine rock deposition or disturbance
for signs of incipient acid generation and collection of supplemental
mine rock samples.



Inspection for seepage from mine waste storage areas, e.g., dam faces
of water management dykes and berms, mine rock piles, Coarse PK
Pile, Fine PKC Facility, ROM kimberlite ore stockpile, roadways, rock
pads, water management dykes and berms. If seepage is identified
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then samples will be collected for analysis. This survey excluding in-pit
seepages, which are monitored as part of the Groundwater Monitoring
Program (De Beers 2013b).


Inspection for runoff in bogs and receiving waters down-gradient of site
facilities. If seepage is identified then samples will be collected for
analysis.

Each component of the bi-annual geochemical audits is described below.

8.1.1

Site Inspection
A visual inspection of construction material, mine roads, rock pads, water
management structures, mine rock piles, the coarse PK Pile, and the fine PKC
Facility will be completed under the supervision of a Professional Geologist of the
Northwest Territories. During this inspection, rock will be observed for visible
signs of weathering, such as iron staining, and visible sulphide mineralization. In
addition, supplemental samples will be collected for geochemical characterization
to confirm that rock is being placed according to the protocols in the Processed
Kimberlite and Mine Rock Management Plan (De Beers 2014a).
The
supplemental sample collection program is outlined in Table 5.
Samples collected during the geochemical audit will be submitted for static
testing. The analytical program will make use of static test methods for
assessment of ABA characteristics to confirm that the samples fall within the
range identified, tested and described in Appendix 8.III of the 2012 EIS
Supplement (De Beers 2012a). The results of analysis of supplemental
geochemical characterization samples collected during the geochemical site
inspection will be compared to the geochemical criteria for mine rock
management (Section 5.1) to confirm that only non-PAG rock is being used for
construction of site infrastructure.
The data will be evaluated using a weight of evidence approach in the context of
the entire site to determine what action is required. For example, a single sample
with limited acid generating potential within an area with a large amount of
buffering capacity would not be expected to generate appreciable acidity or metal
leachate, and would not merit removal and mitigation. However, continued
monitoring of any seepage or runoff from its placement area would be
undertaken. If visible surface staining is evident, and the pH of any seepage or
runoff is low, further evaluation of the cause of the low-pH waters may be
warranted, potentially resulting in removal and subsequent mitigation of the
material generating this low-pH water.
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Seepage Survey
The seepage survey will include a visual inspection of water management
structures and/or the base of waste stockpiles to identify seepage zones. If
water is present, a minimum of one seepage sample and one reference sample
from a nearby location will be collected and analysed for the following
parameters:

8.1.3



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



Chemistry - hardness, total dissolved solids (TDS), major anions and cations
(including calcium and chloride), nutrients (e.g., phosphorus), and dissolved
metals (including low-level mercury).



Radionuclides - uranium, thorium, and radium-226 may be included. The
necessity for analysis for these parameters will depend on results as
determined through routine monitoring results from the Groundwater
Monitoring Program (De Beers 2013b).

Runoff Survey
Bogs in the vicinity of key mine facilities will be inspected to identify potential
non-point source runoff and seepage flow paths from the main site facilities.
Some bogs may be selected for ongoing sample collection. If water is present, a
minimum of one seepage sample and one reference sample from a nearby
location will be collected and analysed for the parameters listed above for the
seepage survey.

8.2

WATER QUALITY MONITORING WITHIN THE
CONTROLLED AREA
Monitoring locations within the controlled area of the Mine will be established in
downstream drainages from mine waste storage facilities, and will be routinely
monitored as a component of the Surveillance Network Program (SNP;
e.g., Stations SNP 11 to 17, refer to Annex A of the Water Licence). The data
from these SNP monitoring stations will be supplemented with water quality
monitoring data from locations within the Mine area identified during the seepage
and runoff survey components of the bi-annual geochemical audit (Sections 8.1.2
and 8.1.3).
The results of water quality monitoring from the SNP and bi-annual geochemistry
audits will be compiled in advance of the completion of the annual geochemistry
report (Section 10), and evaluated for indications of acid generation and metal
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leaching. The results will be considered in the context of existing baseline
conditions, with respect to changes in concentration trends over time.
Seepage, runoff and SNP water quality monitoring will continue after closure.
The results of water quality monitoring will be reviewed for the presence of
metals and/or parameters indicative of signs of incipient acid generation and
metal leaching.
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Summary of Sampling and Analysis Schedule for Characterization of Rock
Analyses

Material

Mine rock

(a)

Processed
kimberlite

Description

Total Number
of Samples

Visual
(b)
Classification

Acid Base
Accounting
(ABA)

Net Acid
Generation
(NAG) Testing

Short-Term
Leach
Extraction
Tests

Comprehensive
Analysis of
NAG Leachates

Mineralogical
Analysis

mine rock
originating
from the open
pits

up to 30
samples per
year

all

all

all

10

10

10

fine and
coarse PK

up to 10
confirmatory
samples per
year

all

all

all

5

5

5

(a)

Samples of mine rock that were used for construction material will be analyzed for rapid turnaround such that rock with potential for acid generation can be removed from
roadbeds and building pads, as necessary.

(b)

Visual classification refers to classification of individual samples through observation of sulphide-type/exposure, alkali-type/exposure, grain size elements, and slaking
characteristics. Site observations (e.g., seeps, colour of pile, venting) will also be recorded on a monthly basis.

ROM = run-of-mine; PK = processed kimberlite.
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FIELD TESTS
Field tests consist of large scale samples (tens to hundreds of kilograms [kg]) of
mine rock or processed kimberlite that are contained, but exposed to ambient
environmental conditions at the Mine site. The objective of field scale tests is to
evaluate long-term chemical and physical weathering properties of materials to
confirm the rate of acid generation and/or metal leaching in site-specific
conditions. The results of field test monitoring will be used to update the
geochemical dataset, and confirm the geochemical classification criterion.
Field tests will be constructed at the Mine. Tests will be constructed with
materials that are representative of the mine wastes that will be produced during
construction and operations, including mine rock and processed kimberlite. Field
test construction may also occur later in operations should new materials be
identified, or should monitoring trends indicate additional testing is warranted or
required.
Field tests will be monitored during the initial operation period until such time that
the results do not add value to the geochemical monitoring dataset. The results
of field test monitoring will be summarized as a section in the Annual
Geochemistry Report, for the purpose of confirming or identifying refinements to
the geochemical classification criterion.
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REVIEW OF MINE ROCK CLASSIFICATION AND
PLACEMENT PROCEDURES
The results of sample analysis conducted as a component of the Geochemical
Characterization Plan, as outlined in Section 6.4 and Section 8.1.3, will be
incorporated into the existing geochemical dataset after the completion of the biannual geochemical audits. The geochemical dataset will be evaluated in the
context of identifying revisions that can be made to the mine rock classification
criteria and mine rock management practises at the Mine.
The results of this evaluation and recommendations with respect to processed
kimberlite and mine rock management will be provided as a section of the annual
geochemistry report.
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ADAPTIVE MANAGEMENT ACTION LEVELS
Adaptive management is undertaken in the Geochemical Characterization Plan
through monitoring effects (i.e., operational mine rock management monitoring
and bi-annual site inspections), and the setting of action levels. Table 6 outlines
action levels associated with the Geochemical Characterization Plan. Objectives
were defined that align with mitigation strategies, which link measureable
monitoring metrics with action levels.
Action levels trigger a management response. The action levels are assigned
varying thresholds (low, moderate and high) and each corresponding
management response builds upon the previous levels response (WLWB 2010).
In some cases, a progression of thresholds from low to high action levels
provides a staged response.
Responses are specific to the effected
components, the likely causes of the observed effects, and the magnitude of the
effects. Action level responses will be implemented to prevent significant
adverse effects to the environment as a result of the Mine.
Action level exceedances and response actions taken during the year shall be
reported in the Annual Water Licence Report.
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Adaptive Management Action Levels Associated with the Geochemical Characterization Plan

Objective
To prevent the formation of
acid rock drainage

Mitigation Strategies
use non-AG rock for
construction of site
facilities

Metrics
visual observations made
during bi-annual site
inspections

composition of confirmation
samples collected during biannual site inspections

Action Levels

Management Responses

granite with visible staining
observed on rock used to
construct site facilities
OR

alert staff in site inspection trip report

granite containing visible
sulphide minerals is
observed in rock used to
construct roads, building
foundations, the airstrip or
filter dykes

estimate dimensions of affected area

sample contains greater
than 0.1% sulphide sulphur

establish down gradient seepage or
runoff monitoring location

note location of stained and / or sulphide
bearing rock

collect confirmation sample to determine
solid phase composition of material

initiate geochemical follow up
investigation
consider supplemental mitigation options
review policies to reduce likelihood of
PAG rock being used to construct site
facilities
confirm that mine rock
being encountered during
mining falls within the
predicted range of
characteristics in the EIS

composition of blast hole
cutting samples

greater than 7.5% of the
blast hole cutting samples
collected in one month
contain greater than 0.1%
total sulphur

geology to review location of samples
relative to the mine plan to identify
geochemical trends outside the expected
range of values
confirm the availability of space in the
mine rock piles to sequester PAG rock
initiate geochemical follow-up
investigation to determine implications of
greater than anticipated amount of PAG
rock
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Objective
Minimize the potential for
discharge of acidic
drainage or seepage that
could cause a significant
environmental effect

Mitigation Strategies
manage non-point source
seepage and runoff to
predicted levels in EIS

Metrics
volume of seepage and / or
runoff

composition of seepage
and / or runoff

(a)
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Action Levels

Management Responses

volume and location of
visible seepage different
than previously observed
conditions

conduct review of sources of seepage or
runoff

seepage is turbid (i.e., not
clear)
AND / OR
pH below 5 or greater than
9 in one seepage
monitoring sample
AND / OR
concentration measured
outside normal range, or
divergence in trends
relative to water quality
predictions in one seepage
monitoring sample(a)

for differences in pH, review test
procedure, collect and analyze follow up
confirmation sample

pH below 5 or greater than
9 in monitoring samples
collected over a period of
greater than 2 months
AND / OR
concentration measured
outside normal range, or
divergence in trends
relative to water quality
predictions in monitoring
samples collected over a
period of greater than two
months(a)

increase frequency of monitoring

identify location for collection of seepage
or runoff water quality sample

additional water quality monitoring
samples will be collected to confirm
measured result
if the measure is confirmed, a
geochemical investigation will be
implemented to reduce the effect of nonpoint source runoff / seepage, if possible

investigate alternative mitigation
strategies
pursue options to reduce seepage / runoff
at identified sources

“Normal Range” is to be developed for each component, but may be defined as the data used to develop inputs for water quality model outlined in the Water Quality
Modelling Appendix of the EIS, as appropriate, for measurement endpoints. To be reviewed and adjusted over time based on the range of composition of monitoring data.

Non-AG = non-acid generating; EIS = environmental impact statement; PAG = potentially acid generating; % = percent.
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REPORTING
Mine rock management activities will be summarized as part of the annual
Geochemical Characterization Report.
Data summaries will include the following:


recorded mine material volumes;



descriptions of mine material placement during the past year;



results of the bi-annual geochemical site audit;



results of mine material sample collection and analysis;



a factual summary of the results of geochemical characterization of
processed kimberlite and mine rock samples collected during the
monitoring period;



evaluation of the results of geochemical characterization relative to the
existing geochemical characterization dataset;



summary of water quality, and evaluation of any trends, at SNP water
quality monitoring locations relevant to the Geochemical
Characterization Plan and bi-annual geochemistry audit sampling
locations;



any action level exceedances and response actions taken during the
year; and



information regarding contingencies and responses to monitoring
results.

The annual Geochemical Characterization Report will provide the following
recommendations, if necessary:


recommendations for additional monitoring based on observations made
during the bi-annual geochemical audits, and/or trends in ARD
monitoring data and seepage quality data; and



recommendations with respect to the protocols as described in the
Processed Kimberlite and Mine Rock Management Plan, based on the
results of geochemical monitoring during that year.
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ACRONYMS AND GLOSSARY

13.1

ACRONYMS AND ABBREVIATIONS

ABA

Acid Base Accounting

ARD

Acid Rock Drainage

De Beers

De Beers Canada Inc.

EIS

Environmental impact statement

EMS

Environmental management system

HCT

Humidity cell tests

Mine

Gahcho Kué Diamond Mine

MVEIRB

Mackenzie Valley Environmental Review Board

MVLWB

Mackenzie Valley Land and Water Board

NAG

Net acid generation

Non-AG

Non-acid generating

NWT

Northwest Territories

PAG

Potentially acid generating

PK

Processed kimberlite

PKC

Processed kimberlite containment

ROM

Run-of-mine

June 2014
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SNP

Surveillance Network Program

Terms of Reference

Terms of reference for the Gahcho Kué Project Environmental Impact
Statement

13.2

UNITS OF MEASURE

%

percent

<

less than

kg

kilogram

km

kilometre

m

metre

mm

millimetre

Mt

million tonnes

t

tonnes

wt%

percent by weight
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GLOSSARY

Acid Base Accounting
(ABA)

Acid base accounting; a set of static analyses that defines the amounts, and
relative balance, or potentially acid-generating and acid-neutralizing (or base)
minerals in a sample

Acid mine drainage

A variation on acid rock drainage, mine site drainage with an acidic pH due to
the oxidation of sulphide minerals exposed by mining activity

Acid potential

The acid potential represents the bulk amount of acidity that can be produced
by a material. The acid potential is calculated from the sulphide content and
assumes that all sulphide minerals occur as pyrite.

Acid rock drainage
(ARD)

Acidic pH rock drainage due to the oxidation of sulphide minerals that includes
natural acidic drainage from rock not related to mining activity; an acidic pH is
defined as less than 6.0.

Acidic drainage

A general term applied to any drainage with an acidic pH; an acidic pH is
defined as a value less than 6.0.

Alkaline mine drainage

Mine site drainage with an alkaline pH; an alkaline pH is defined as a value
greater than 8.5.

Altered

A rock that has undergone changes in chemical or mineralogical composition
usually produces by hydrothermal solutions or weathering.

Biotite

A mineral of the mica group K(Mg, Fe+4)3(Al, Fe+3)Si3O10(OH)2. It is black in
a hand specimen, brown or green in a thin section, and has perfect basal (001)
cleavage.

Column test

Column tests are a kinetic test method that provides neutral drainage data that
can be compared to the acid rock drainage and primary weathering data
obtained from humidity cell testing.

Diabase

A medium grained basaltic intrusive rock composed primarily of pyroxene, and
plagioclase feldspar; approximate medium grained equivalent of gabbro.

Diorite

A dark, coarse grained plutonic rock composed primarily of plagioclase
feldspar, hornblende, and pyroxene; intrusive equivalent of andesite.

Drainage chemistry

Concentrations of elements and other aqueous parameters in mine site
drainage from mine site components through surface or subsurface pathways.

Glacio-lacustrine

Sediments that were deposited in lakes that formed at the edge of retreating
glaciers; commonly laminar deposits of fine sand, silt, and clay.

Gneiss

A coarse crystalline metamorphic rock in which there are bands of light and
dark minerals of widely varying origin and mineralogy.

Granite

A coarsely crystalline igneous intrusive rock composed of quartz, potassium
feldspar, mica, and/or hornblende.

Granitoid

Rocks with a composition the same or similar to granite.

Granodiorite

A coarse grained plutonic rock composed primarily of quartz, potassium
feldspar, hornblende, and pyroxene; similar to granite with less alkali feldspar.

Humidity cell

A type of kinetic test in which a small sample (about 1 kg) is placed in an
enclosed chamber in a laboratory, alternating cycles of moist and dry air is
constantly pumped through the chamber, and once a week the sample is rinsed
with water; chemical analysis or rinse water yield concentrations of elements
and other parameters used to calculated reaction rates.

Hypabyssal

Igneous rocks forming minor, small scale, intrusions at relatively shallow depths
in the crust; medium to fine-grained.

Kinetic test

A geochemical procedure for characterizing the chemical status of a sample
through time during continued exposure to a known set of environmental
conditions, such as humidity cell tests; see also static test.
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Loading

Concentration multiplied by a flow, providing a mass per unit time flowing
through or from a mine site component.

Metal leaching

The release of a metal from its solid-phase mineral into mine site drainage
described by concentrations in static test and by metal release rates obtained
from kinetic tests.

Mine rock

The rock surrounding an ore body.

Mine rock pile

A general term referring to any accumulation of rock at a mine, including waste
rock piles, ore and low grade ore stockpiles, roads, heap leach piles, and
building foundations.

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.

Neutralization potential

The neutralization potential represents the bulk amount of acidity that the
sample can potentially consume or neutralize.

Overburden

A general term referring to all soil and broken rock, lying above ore and waste
rock, that can usually be removed without blasting; as mines in soft
sedimentary rock, like coal, overburden can be synonymous with waste rock.

Potentially acid
generating (PAG)

Rock with an neutralization potential/acid potential ratio less than 3 as
determined by static tests.

Processed kimberlite

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

Processed kimberlite
containment

On-site storage facility for storing processed kimberlite.

Static test

A procedure for characterizing the physical and/or chemical status of a sample
at one point in time, such as acid base accounting.

Submerged column test
(SCT)

Submerged column tests are kinetic tests designed to address the influence of
submerging a material underwater. Sample charges with a weight of 3 kg were
placed in a PVC column, which was inundated with an initial volume of distilled
water f approximately 2.5 L. Each week, samples of water are collected from
the base (“bottom”) of the column and the water overlying the top of the column
(“top”). Additional distilled water is added to the top of the column to replace
the volume of water collected each week.

Sulphide oxidation

Oxidation of chemically reduced sulphur, such as sulphide (S22-) and elemental
sulphur to a partially oxidized form, such as sulphate (SO42-). Generally used to
refer to oxidation of pyrite (FeS2).

Sulphide sulphur

A part of acid base accounting that provides the sulphide content of a sample,
expressed as %S.

Total sulphur

A part of acid base accounting that provides the total sulphur content of a
sample, expressed as %S; see also sulphide sulphur, total sulphate sulphur.

De Beers Canada Inc.

APPENDIX A
PRELIMINARY STANDARD OPERATING PROCEDURE – GEOCHEMICAL
CLASSIFICATION FOR SEGREGATION OF MINE ROCK

De Beers Canada Inc.

Gahcho Kué Mine
Geochemical Characterization Plan
Appendix A

A1

A-1

June 2014
Version 2

OBJECTIVE, SCOPE AND APPLICABILITY
The objective of this guideline is to establish a uniform method for the handling
and placement of mine rock at the Gahcho Kué site. This includes the collection
rate of appropriate samples, responsibilities for sampling and data analysis,
criteria for identification PAG rock, placement of PAG rock in designated areas,
and ongoing analysis of results.

A2

OVERALL MANAGEMENT OF MINE ROCK
Specific Standard Operating Procedures (SOP) will be developed as necessary
at a more detailed level, however, the overall protocol for identification and
handing of mine rock is as follows:
1. The geology department will be responsible for the collection and analysis of
data for PAG materials.
2. The drill blast holes will be sampled evenly at a frequency of a minimum of
eight (8) samples per 100,000 tonnes (t) of the planned blast by the Geology
department.
3. Sampling for PAG material will be conducted daily in accordance with point
1. The sample density may be increased adaptively in response to actual
results and in order to better define the extent of PAG material.
4. Geological mapping of recently exposed mining faces will augment and
provide guidance to the blast hole sampling. The face mapping will record
the location of structures or zones in which potentially acid generating
minerals are observed. This information, together with the cumulative
database of existing results, will be used to adaptively direct the sampling of
the drill blast holes to provide for improved evaluation of the volume of mine
rock containing PAG materials.
5. Samples will be packaged and sent to an off-site accredited laboratory under
chain of custody documentation on a regular basis.
6. The samples will be analysed by the laboratory for total sulphur content.
7. If a sample or cluster of samples return results higher than 0.1% total
sulphur, the area that they were sampled from will be demarcated after the
blast as PAG material, or additional testing may be completed such as ABA
testing or Net Acid Generation testing to further evaluate if the material is
PAG.
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8. The area to be demarcated will be based on the boundary of the closest nonPAG samples immediately adjacent to the PAG samples, and will be set at
roughly half the distance between the PAG sample and the non-AG sample
locations. This protocol will be reviewed and updated as required as the
database of available information increases during operations.
9. The PAG area will be demarcated by the mine surveyor using pylons,
flagging, or other means after the blast. This will define the area to be
loaded as PAG material.
10. The mine operations team will be responsible for monitoring the loading of
mine rock after blasting to ensure that PAG material is being dispatched to
the assigned PAG area.
11. Non-PAG material may be used for construction.
12. Starting in Year 1 and likely through Year 2 (depending on the amount of
PAG material encountered), PAG material will be placed within the mine rock
piles within the submerged zones of the final footprint of either mine rock pile.
Thereafter, through Year 4, the PAG material will be placed within an
assigned area in the middle of the South or West Mine Rock Pile. The
assigned areas will be demarcated to ensure there is a minimum horizontal
distance of 15 metres (m) from the edge of the PAG assigned area to the
outer edge of the mine rock pile by the mine surveyor.
13. Once the Hearne and 5034 pits are available, all PAG designated material
will be placed in these pits.
14. The amount of PAG material (i.e., truck loads/tonnes) placed on each level of
the mine rock piles will be recorded by the mining team and provided to the
mine geologist. This information will be used by the project geochemist to
evaluate the overall acid generating potential of the mine rock pile.
15. The project geochemist will provide an annual report on geochemical trends,
with recommendations for follow-up actions, if necessary.

A3

SAMPLING AND ANALYSIS (SAMPLE
IDENTIFICATION, SHIPPING, AND
TURNAROUND TIMES)
Sampling and analysis of mine rock will be undertaken where there is potential
for mine rock to be used for construction, or placed above the final water level in
Kennedy Lake.
Blasting and sampling will take place following a regular pattern or grid spacing.
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Samples for laboratory analysis will consist of drill cuttings collected as
composite grab samples from each hole prior to loading of explosives.



Samples will be uniquely identified, likely by blast hole designation, and
the location of samples will be recorded in a site database, which will be
managed by the site geologist to inform the mine engineering manager.



Analyses of samples will occur at a minimum frequency of eight (8)
samples per 100,000 t, or 1 sample per 12,480 t, which equates to a
bench sample grid spacing of about 20 m, with a bench height of 12 m,
and an assumed rock density of 2.6 tonnes per cubic metre (t/m3).



Samples will be labeled and analysed on site, or if not analysed on site,
will be shipped off site for analysis at an accredited laboratory.



Results will be available prior to loading of the material after blasting
from the open pits.
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