March 31, 2020
Angela Love, EP
Regulatory Specialist
Mackenzie Valley Land and Water Board
P.O. Box 2130
Yellowknife, NT X1A 2P6

Via Email: angela.love@mvlwb.com

Dear Ms. Love:
RE:

Gahcho Kué 2019 Annual Closure and Reclamation Plan Progress Report (MV2005L2-0015)

De Beers is pleased to provide the Gahcho Kué 2019 Annual Closure and Reclamation Plan Progress
Report, relevant to the Interim Closure and Reclamation Plan V.4.1 and Part G. 4 of the Type A Water Licence
(MV2005L2-0015). This report summarizes the closure and reclamation activities conducted at the
Gahcho Kué Mine in 2019.
If you have any questions regarding this submission, I can be contacted at william.liu@debeersgroup.com
or (867) 445-1485.
Sincerely,

William Liu
Regulatory Specialist
De Beers Canada Inc.
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INTRODUCTION
De Beers Group of Companies (De Beers) submits this 2019 Annual Closure and Reclamation
Plan Progress Report (ACRPPR) to the Mackenzie Valley Land and Water Board (MVLWB) to
satisfy Part J, Item 4 of the Type A Water Licence (MV2005L2-0015). Part J, Item 4 reads as
follows:
“Beginning March 31, 2016, and no later than every March 31 thereafter, the Licensee
shall submit an Annual Closure and Reclamation Plan Progress Report to the Board,
which shall be in accordance with the Guidelines referred to in Part J, item 1 and any
other information requested by the Board.”
The above referenced “Guidelines” are the Guidelines for the Closure and Reclamation of
Advanced Mineral Exploration and Mine Sites in the Northwest Territories provided by
Indigenous and Northern Affairs Canada (INAC) and the Land and Water Boards of the
Mackenzie Valley (AANDC et al., 2013). They include several conditions detailing specific
content requirements of the ACRPPR. Table 1 below details the content requirements and the
corresponding sections within this document where they are addressed.
Table 1 ACRPPR requirements as per the Guidelines
Guidelines Requirement

Corresponding Section
in 2019 ACRPPR

A discussion on whether the closure and reclamation planning and implementation
remains on schedule and a summary of any new scheduling setbacks.

Section 2.0

A summary of engagement since the previous year.

Section 3.0

Progressive reclamation completed within the last year and the detailed plan for any
proposed progressive reclamation for the upcoming year.

Section 4.0

A description of important research results that will be used to inform closure
planning going forward.

Section 5.0

Any engineering design changes proposed for the upcoming year.

Section 6.0

A list of any factors that would influence an increase or decrease in the total
reclamation liability next time an updated estimate is required.

Section 7.0

Any other information to ensure that stakeholders are aware of the closure planning
process and timelines.

Section 8.0

Any proposed changes to the CRP with supporting rationale. For any proposed
changes, reassess the associated residual risks.

Section 9.0

A list of other closure-related reports or studies submitted since the last annual CRP
progress report.

Appendix A

In addition, the Mackenzie Valley Land and Water Board (MVLWB or the Board) met on June 6,
2019 to consider De Beers’ Interim Closure and Reclamation Plan (ICRP) Version 4.1 for the
Gahcho Kué Mine, which was submitted on March 29, 2019 to fulfill Part J, condition 1 of Water
Licence (Licence) MV2005L2-0015 and Condition 84 of Land Use Permit (Permit)
MV2005C0032. The Board’s decision was that the ICRP Version 4.1 was approved with the
exception of closure criteria. The following table is a short summary of information that De
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Beers was directed to include in the 2019 Annual Closure and Reclamation Plan Progress
Report to address the Board’s concerns.
Table 2 ICRP Ver. 4.1 Decision Letter Conformance Table
Objective

Board Direction

ICRP V.4

Comments

Response

SW1 – Air
quality levels
safe for
people,
vegetation,
aquatic life
and wildlife.

On September 14,
2017, the Board
directed De Beers
to include an
options analysis
for cover designs
and identification
of priority areas
selected for
revegetation.

On May 5, 2017, De Beers
provided a summary of
options considered during
initial mine planning to
mitigate against dust
generation: balancing the
footprint of PKC and mine
rock pile size to height,
placement of a cover over the
PKC piles, and promotion of
natural revegetation at priority
areas at disturbed areas. De
Beers also indicated that PK
Facility cover designs were
not yet completed, but it will
be developed to a schematic
level. Final designs will be
completed prior to the PK
facility reaching capacity in
years 2021 and 2023,
respectively.

Board reminds De
Beers that any
changes to the ICRP as
a result of this new
information (including
Final engineering
designs for each mine
component yet to be
completed) will be
required in the Annual
Closure Progress
Report.

Section 5 Reclamation
Research
updates are
provided

SW2 –
Drainage
pathways for
surface
runoff are
physically
stable

On September 14,
2017, the Board
directed De Beers
to include the
following items in
ICRP V.4:
• Options analysis
of final plans for
site wide drainage
pathways;
• Conceptual
plans for drainage
from the waste
rock piles, PK
piles, and general
site wide drainage
requirements;
• If conceptual
plans are not yet
completed, details
from the
Operational
Management Plan
should be
summarized or
referenced with
regards to
potential future
water
management
options at closure

On May 14, 2018, De Beers
indicated that options
analysis of final plans for site
wide drainage pathways and
conceptual plans for drainage
from waste piles, PK piles and
general site wide drainage will
be done as part of the RRP in
Section 3.

Board reminds De
Beers that any
changes to the ICRP as
a result of this new
information will be
required in the Annual
Closure Progress
Report.

Section 5 Reclamation
Research
updates are
provided
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Objective

Board Direction
and how they
might apply to
final site
conditions.

ICRP V.4

Comments

Response

SW5 – Safe
passage and
use for
Caribou and
other wildlife.

On September 14,
2017, the Board
directed De Beers
to include the
following items in
V.4 of the ICRP:
• A summary of
alternatives
assessed during
EIA;
• De Beers
description of
cover options
provided May 5,
2017;
• Benefits of the
chosen activity to
meet objective
SW5.

Removal of all buildings,
equipment, and surface
hazards. A final
grading/contouring plan will
be developed for each Mine
Rock Pile and PK facility, as
well as, a plan that addresses
the remainder of the Mine
outside these facilities. Recontouring of surface
materials to reduce ground
hazards and reflect
surrounding topography
where possible. Where
applicable, final site
grading/contouring will be
informed by operational
wildlife monitoring.
Engineered earthen
structures remaining at the
site (i.e. Mine Rock Piles, Fine
PK Facility and Coarse PK
Pile) will be physically stable.
See MR and PK closure
objectives below for details
specific to stability of mine
waste areas……Monitoring of
landform reclamation efforts
will include assessment of
habitat improvement.

Board reminds De
Beers that once RRPs
are complete and final
design features are
known, options
analysis and details of
selected activity will be
required in the Annual
Closure Progress
Report.

Progress of
the
Reclamation
Research are
provided in
Section 5, with
deliverables
attached as
Appendices B
through E

N/A

N/A

Section 3.1 – This section
refers to the establishment of
meteorological stations at
Gahcho Kué in 2015. No
information from these
stations will be included in the
Atmospheric Environment
Section of the ICRP.

The Closure Guidelines
require regional and
local climate setting,
temperature and
precipitation statistics
and trends based on
regional and projectspecific climate
stations. Stations were
established in 2015.
Board requires De
Beers to provide
general descriptions of
regional and site air
quality conditions and
how the existing
mining development is
affecting air quality (as
measured as opposed
to predicted or
estimated) in its next
Annual Closure
Progress Report.

Section 10 –
was added to
the 2019
ACPR.
General
descriptions of
regional and
site air quality
conditions and
how the
existing
mining
development
is affecting air
quality
provided
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PROJECT SCHEDULE
A historical timeline of project milestones is provided in Table 3. A comparison of the projected
project schedule from the Updated Project Description (De Beers, 2018a) with the actual timing
of project activities is provided in Table 4.
All construction and reclamation schedules are subject to changes in mine plans which may
occur based on a variety of factors such as market conditions and ore resource characterization
during mining activities. The current life of mine expects mining activities to extend until 2028,
followed by 19+ years to complete closure and reclamation efforts.
Select construction activities will continue throughout the life of the mine to support new
infrastructure, additional dykes and planned expansions, continued efforts to optimize water
management infrastructure, and to perform maintenance on existing site infrastructure as
required. A detailed summary of construction activities undertaken is presented in the Annual
Water License Report that is submitted to the MVLWB by March 31 as per Part B, Item 10 of
the Water Licence.
Table 3 Timeline of Project Milestones and Events
Years

Milestone

1992 to present



Exploration for diamond deposits by Mountain Province Diamonds and partners

1995



Diamond-bearing kimberlite features confirmed

1997



Monopros Limited (now De Beers Canada) acquires 51% interest in the Gahcho Kué
Project

1999, 2001-2002



Two bulk sample programs completed

2002



Joint Venture agreement entered into between Mountain Province (44.1%), De Beers
Canada (51%) and Camphor Ventures (4.9%)

2006



Commencement of Environmental Assessment process

2007



Mountain Province acquires Camphor Ventures

2006-2008



Additional core and bulk sample programs completed

2009



Type B Water Licence received (MV2003L2-0005)

2010



Environmental Impact Statement submitted

2011



Gahcho Kué Mine receives feasibility study approval from Joint Venture

2012




Majority share of De Beers is purchased by Anglo American PLC
Additional Environmental Impact Statement updates submitted

2013




Gahcho Kué Mine receives Environmental Impact Review approval
Pioneer Land Use Permit received (MV2013C0019)

De Beers Canada Inc.
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Milestone

2014




March 2020







Ni Hadi Xa Agreement for Gahcho Kué Mine
Application to MVLWB for Type B water licence amendment (De Beers, 2014a) and
subsequent approval
Type A Water Licence issued (MV2005L2-0015)
Land Use Permit issued (MV2005C0032)
Fisheries and Oceans Canada Authorizations issued
Construction commences
Dewatering and fish-out of Kennady Lake commences

2015




Construction continues
Fish-out of Kennady Lake completed

2016





Operations commences (commissioning phase)
First production of processed kimberlite
Water Management Pond commissioned

2017





On-going Mine Operations and infrastructure construction
Land Use Permit Amendment #1 for fuel storage issued (MV2005C0032).
Land Use Permit Amendment #2 for fine PKC Facility issued

2018






On-going Mine Operations and infrastructure construction
Land Use Permit Amendment #3 for additional mine rock.
Water Licence Amendment #1 for additional mine rock.
Water Licence Amendment #2 for additional fresh water allowance.

2019






On-going Mine Operations and infrastructure construction
Starting revegetation research test plots
Land Use Permit (MV2005C0032) was extended to August 21, 2021
Interim Closure & Reclamation Plan approved, with exception of Closure Criteria

Table 4 Comparison of the Projected Timelines with Project Description and Actual Status
Project
Phase

Year

Planned Activities



Building site infrastructure
Initial lake dewatering

Complete



Complete



Building Site Infrastructure (throughout the
operation as required)
Pre-stripping of 5034

1-2 (2016-2017)



Mining – 5034/Hearne

Complete

3-5 (2018-2020)



Mining – 5034/Hearne/Tuzo

Ongoing

6-7 (2021-2022)



Mining – 5034/ Tuzo

Not started

8-12 (2023-2027)



Mining – Tuzo

Not started



Interim Closure – Remove non-essential
buildings/site infrastructure; Kennady Lake
refilling commences

Not started



Ongoing lake refilling (about 19 to 31 years total)
and monitoring

Not started



Kennady Lake refilling complete and monitoring

Not started

-2 (2014)
Construction
-1 (2015)

Operations

Closure and
Reclamation

13-14 (2028-2029)
13-31 (2028-2036)

Post-closure

Status
Update

32+ (2037+)

De Beers Canada Inc.

Gahcho Kué Mine
-62019 Annual Closure and Reclamation Plan Progress Report
Project
Phase

Year
33+ (2038+)
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Status
Update

Planned Activities


Kennady Lake reconnected to Area 8 and
downstream watershed

Not started

De Beers. 2018. “Updated Project Description - Gahcho Kué Project

2.1

Changes to Closure Plan from Updated Project Description

In 2019, additional economically viable ore was defined at the north side of the 5034 pit.
Incorporation of this ore into the mine plan will require removal of additional mine rock and the
deposit of additional processed kimberlite. The mine plan was adjusted to increase the capacity
of the fine processed kimberlite containment facility, to incorporate additional mine rock into
the current coarse processed kimberlite pile, to adjust the pit footprint and depth, and to extend
the life of mine. The Water Licence and Land Use Permit Amendment application was
submitted in March 2020, including an updated Project Description. Under 2020 Updated
Project Description, the mine life is extend for additional two years to 2030.
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COMMUNITY ENGAGEMENT
Engagement activity follows the MVLWB approved Gahcho Kué Community Engagement Plan
(De Beers, 2015a). The Engagement Plan describes the general methods of engagement, the
annual cycle of engagement, and the community specific engagement approaches.
A summary of environmental engagement activities conducted throughout 2019 is provided in
the Annual Water Licence Report that is submitted to the MVLWB as per Part B, Item 10 of the
Water Licence. A summary of engagement activities that included focussed discussion of
closure and reclamation is also provided in Table 5 herein.
A summary of the ICRP review, engagement and approval process with the MVLWB that
occurred in 2019 is as follows:


January 17, 2019 – The ICRP Ver. 4.1 submission extension was granted by the Board.



March 29, 2019 – The ICRP Ver. 4.1 was submitted to the Board. Based on low numbers of
comments received by reviewers on ICRP Ver. 4, ICRP Ver. 4.1 underwent an internal conformity
review by Board staff.



June 6, 2019 – The ICRP V4.1 was approved by the Board, with the exception of closure criteria.
Specific closure criterion is being deferred to the completion of reclamation research plans,
operational monitoring results, final design reports, and/or post-closure risk assessments.

Highlights of 2019 engagement on closure and reclamation are presented in Table 5.
Table 5 Engagement Activities related to closure and reclamation, 2019
Date

Method /
Event

Location

Indigenous Parties

Discussion Summary

2019-01-23
and 24

Committee
Meeting

Yellowknife

Ni Hadi Xa (DKFN,
LKDFN, NWTMN,
NSMA, TG, YKDFN)

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-04-17
and 18

Committee
Meeting

Yellowknife

Ni Hadi Xa (DKFN,
LKDFN, NWTMN,
NSMA, TG, YKDFN)

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-06-10

Community
update

Yellowknife

NSMA

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-06-11

Community
update

Lutsel K'e

LKDFN

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-06-19

Band Council
Meeting

Dettah

YKDFN

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-07-05

Mine Visit
Meeting

Gahcho Kué

NSMA

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-07-25

Mine Visit
Meeting

Gahcho Kué

NWTMN

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.
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Indigenous Parties

Discussion Summary

2019-08-01

Mine Visit
Meeting

Gahcho Kué

LKDFN

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-08-12
and 13

On-the-land
Meeting

Gahcho Kué
and Ni Hadi
Xa
Monitoring
Cabin

Ni Hadi Xa (DKFN,
LKDFN, NWTMN,
NSMA, TG, YKDFN)

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-09-03

Mine Visit
Meeting

Gahcho Kué

DKFN

Provided update on the additional ore and mine rock,
longer mine life, and expansion of the infrastructure
footprint. No concerns were raised.

2019-11-06
and 07

Committee
Meeting

Yellowknife

Ni Hadi Xa (DKFN,
LKDFN, NWTMN,
NSMA, TG, YKDFN)

Provided update on the additional ore and mine rock,
longer mine life, expansion of the infrastructure footprint,
and solar farm. Committee members asked for additional
information on solar farm, when it becomes available.

2019-11-27

Notification
Letter

-

DKFN, LKDFN,
NWTMN, NSMA, TG,
YKDFN

Notification for the intent to submit the water licence and
land use permit amendments were sent to the leaderships
from each indigenous parties. The notification letter also
acted as an invitation for the workshop on January 15. No
concerns were raised.

Note:
DKFN - Deninu Kué First Nation
LKDFN - Lutsel K’e Dene First Nation
NSMA - North Slave Métis Alliance
NWTMN - Northwest Territory Métis Nation
TG - Tłıc̨hǫ Government
YKDFN - Yellowknives Dene First Nation
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PROGRESSIVE RECLAMATION
A summary of progressive reclamation activities completed up to and including 2019, as well
as, work currently proposed for 2019 is presented in Table 6. Since the Gahcho Kué Mine is
still in the early stages of operations, limited progressive reclamation activities are expected to
occur at the Project site in 2020.
Table 6 Summary of Reclamation Activities
2019 Activities

Planned 2020
Activities

 As the decrease in
toluene concentrations
to below reference well
concentrations, toluene
is no longer a concern
down-gradient of the
facility following the
2018 monitoring
program. The 5-year
monitoring program as
described in the
Abandonment and
Reclamation Plan is
concluded. No
monitoring activity was
conducted.

 No activities were
planned.

 Construction of the
permanent landfarm
was started in fall 2019.

 Once the
construction of the
permanent
landfarm is
complete.
Contaminated soil
in the temporary
holding cell will be
transferred to into
the permanent
landfill.

Pre-2019 Activities
Cuttings Containment Facility
 Removal of the containment dykes and capping of the
visible cuttings and soils with reclaimed dyke material (EBA,
2013a) commenced in 2013.
 Reclamation continued in 2014 with the spreading of
overburden from the Pioneer Quarry (located within the
5032 pit footprint) and overburden-laden run of mine over
the previously placed esker material and remaining
uncovered cuttings areas (EBA, 2015). Three monitoring
wells were also installed downstream of the former north
dyke.
 In 2015, a thick (approximately 4 m) layer of run-of-mine
material was placed over the area to create a laydown pad
for the future project development (EBA, 2015). The three
wells immediately downstream of the CCF were replaced
with a single monitoring well in late 2015/2016 winter
(EBA, 2018a). A reference well was also installed.
 Annual monitoring down-gradient of the former CCF was
completed in 2014 through 2018, and reported on in the
Annual Closure and Reclamation Reports.
Advanced Exploration Camp
 Decommissioning of the old sewage treatment plant in
2014 (De Beers, 2015b).
 Demolition, consolidation of materials, and mobilization of
contents off site in 2015. Trailer units were relocated to the
new permanent camp. Based on aerial photos of site, the
following components of the Advanced Exploration Camp
was demolished and removed from site.
 A Phase III Environmental Site Assessment (ESA) of the AEP
Camp decommissioned Hazardous Materials Storage Area
was completed during the summer of 2016. Results of the
assessment indicated a minor amount of subsurface
contamination which was left in-situ until a new Landfarm is
constructed.
 A Phase II ESA of the old landfarm was conducted which
showed no offsite hydrocarbon impacts downfield of the
landfarm.
 Contaminated soils were removed from the old land farm in
July 2017 and relocated to the Temporary Landfarm on the
South Mine Rock Pile. Confirmatory soil sampling identified
minor volumes of additional subsurface material for

De Beers Canada Inc.
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2019 Activities

excavation, which was placed within the Temporary
Landfarm (EBA, 2018b).
 Contaminated soils were removed from the AEP camp fuel
tank extension storage area in June 2017 and moved to the
Temporary Landfarm. Confirmatory soil sampling was
completed and additional volumes of material were
removed to the Temporary Landfarm. The area was then
covered in Run-of-Mine material for expansion of the
Primary Stockpile (EBA, 2018c).

De Beers Canada Inc.
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RECLAMATION RESEARCH UPDATE
The Reclamation Research Plan (RRP) of the ICRP underwent development, review and
refinement throughout 2016 to 2018, and received approval from the MVLWB in June 2019.
Following the interim the RRP, a number of reclamation research projects were initiated in 2018
and have been continuing in 2019. Table 7 summarizes these research projects and the
associated sections in the RRP. Since reclamation research projects often require long-term
planning and investments, an approved research plan is essential to ensure the projects are
planned and executed properly from their inceptions.
Table 7 Summary of Reclamation Research Activities
RRP
Section

Research Scope

Report

Project Status

Revegetation
2.1.3.2

Task 1: Desktop Review of
Revegetation Practices at
Comparable Mines

Desktop Review of
Revegetation Practices at
Comparable Mines

 Task completed.
 Submitted in 2018 Progress
Report

2.1.3.2

Task 2: Upland and Riparian
Revegetation Test Plots

Upland Revegetation
Research Implementation
Plan
2019 Revegetation Field
Program Summary Report
Memo: 2019 Opportunistic
Vegetation Monitoring Report

 Test plot location selected in
fall 2018.
 Assessment of plots
completed fall 2019
 See Appendix A-C

2.1.3.2

Task 3: Overburden Stockpile
Volume Balance and
Management

N/A

 Pending on Tuzo pit mining

2.1.3.2

Task 4: Development of
Revegetation Closure Criteria

N/A

 Pending on outcomes from
previous tasks

2.1.3.2

Task 5: Revegetation Plan

N/A

 Pending on outcomes from
previous tasks

2.1.3.2

Task 3: Overburden Stockpile
Volume Balance and
Management

N/A

 Pending on Tuzo pit mining

Post Closure Seepage Quality and Quantity
2.2.3.2

Task 1: Data Collection

Annual Water Licence Reports

 In progress

2.2.3.2

Task 2: Comparison of the
Measured and Predicted
Seepage Data

Annual Water Licence Reports

 In progress
 To update seepage quantity
and quality prediction after
completion of Hearne Pit

2.2.3.2

Task 3: Assessment of PK
Weathering

N/A

 Pending on outcomes from
Task 2

Final Landform Options to Support Wildlife Habitat
2.3.3.2

Task 1: Desktop Review of Final
Landforms at Comparable Mines

Wildlife Habitat Landform
Options Desktop Review

De Beers Canada Inc.

 Completed
 See Appendix D
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Report

Project Status

2.3.3.2

Task 2: Evaluation of Habitat
Suitability Index

N/A

 In progress

2.3.3.2

Task 3: Engagement and
Feedback

N/A

 Following Task 1 and 2

Processed Kimerlite Containment Facilities
3.1.3.2

Task 1: Desktop Review of Cover
Options and Performance

Tetra Tech - Desktop Review
of Mine Closure Cover Options
and Performance for Tailings
Facility in Cold Regions,
October 2018

 Task completed.
 Submitted in 2018 Progress
Report

2.3.3.2

Task 2: Geotechnical
Investigation

N/A

 Postponed to Winter 2021

3.1.3.2

Task 1: Desktop Review of
Recent Pit Lake Case Studies and
Available Measures for Enhancing
Chemocline Stability

N/A

 In Progress

2.3.3.2

Task 2: Comparison of Measured
and Predicted Pit Water Quantity
and Quality Data, Assessment of
Implications to Closure

 Annual Water Licence
Reports

 In Progress

2.3.3.2

Task 3: Refinement of the Open
Pit Water Quality Predictions

 N/A

 Assessment and model
refinement to be conducted
after Hearne Pit filling

2.3.3.3

Task 4: Development of
Numerical Closure Criteria

 N/A

 Pending on outcomes from
Task 3

Open Pits

Kennady Lake
5.1.3.2

Task 1: Data Collection and
Analysis

 Annual Water Licence
Reports

 In Progress

5.1.3.2

Task 2: Refinement of the
Kennady Lake Water Quality
Predictions and after
Management Options
Assessment and Quality Data,
Assessment of Implications to
Closure

 Annual Water Licence
Reports

 Post-closure water quality
predictions will be refined
prior to refilling Kennady Lake

5.1.3.2

Task 3: Comparison of Measured
and Predicted Water Quantity and
Quality Data, Assessment of
Implication to Closure

 N/A

 Analysis will be conducted
during refilling of Kennady
Lake

5.1.3.2

Task 4: Aquatic Progressive
Restoration Pilot Project

 N/A

 Not planned for 2019

5.1.3.2

Task 5: Development of
Measurable Closure Criteria

 N/A

 Pending on outcome from
Task 2
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PROPOSED CHANGES TO ENGINEERING DESIGN FOR THE UPCOMING
YEAR
In 2019, additional economically viable ore was defined at the north side of 5034 pit. This ore
is an extension of the 5034 orebody. It is located between the 5034 pit and the Tuzo pit.
Incorporation of this ore into the mine plan will require removal of additional mine rock and the
deposit of additional processed kimberlite. The mine plan will therefore need to be adjusted to
increase the capacity of the fine processed kimberlite containment facility, to incorporate
additional mine rock into the current coarse processed kimberlite pile, to adjust the pit footprint
and depth, and to extend the life of mine. The Water Licence Amendment #3 and Land Use
Permit #4 applications were submitted on March 6, 2020 to seek approval of the proposed
changes.
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FINANCIAL SECURITY AND RECLAMATION LIABILITY
The financial security for the Gahcho Kué Mine is held by the Government of Northwest
Territories (GNWT). The total security values in accordance with the Type A Water Licence
(MV2005L2-0015, Schedule 2, Part C, Item 1) and Class A Land Use Permit (MV2005C0032,
Item 56) are $53,925,648 and $43,392,390, respectively. The posted security values and
payment schedule are included in Table 8.
Table 8 Financial Security Posting Schedule
Water Licence

Land Use Permit

Timeline

Calendar
Year

Payment

Accumulated

Payment

Accumulated

Pre-construction

-

$3,613,466

$3,613,466

$11,816,392

$11,816,392

1 Year after preconstruction

-

$3,613,465

$7,226,931

$11,816,392

Year 1

2016

$16,549,339

$23,776,270

$2,001,471

$13,817,863

Prior to additional
fuel storage

2017

$0

$23,776,270

$26,233

$13,844,096

Year 4

2019

Year 5

2020

Year 6

2021

Year 7

$17,732,485

$41,508,755

2022

$5,372,427

Year 11

2026

Year 12
Year 13
Total

7.1

$23,776,270

$13,844,096
$24,675,843

$38,519,939

$46,881,182

$3,690,740

$42,210,679

$0

$46,881,182

$0

$42,210,679

2027

$7,044,466

$53,925,648

$1,181,711

$43,392,390

2028

$0

$53,925,648

$0

$43,392,390

$41,508,755

$53,925,648

$38,519,939

$43,392,390

Updates to Reclamation Security Requirement

The ICRP Ver. 4.1 that was approved on June 6, 2019 and updates to the Mine plan and site
characteristics have been proposed and documented in the Water Licence (MV2005L2-0015)
and Land Use Permit (MV2005C0032) Amendment Applications. An update to the security
estimate to reflect these changes is required. The updated security estimate (Ver. 3) was
submitted on March 16, 2020.
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PROPOSED CHANGES TO THE CLOSURE PLANNING PROCESS AND
TIMELINES
A scheduled process for progressive reclamation, active closure, and post-closure monitoring
is presented in the Conceptual Closure and Reclamation Plan (De Beers, 2013b). The
timeline and activities were approved and described in detail in the ICRP Ver. 4.1.
As described in Sections 3 and 5 herein, extensive engagement occurred with the MVLWB
and reviewers in 2016 through 2018 on the ICRP V.2-4.1. The mine life has extended from
11 years to 11.6 years during the Water Licence amendment in 2018. Amendments to
further extend the life of mine were submitted on March 6, 2020.
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PROPOSED CHANGES TO THE ICRP AND ASSOCIATED RESIDUAL RISK
To address comments received on the ICRP V.3, the ICRP Ver.4 was submitted in May 2018.
On November 7, 2019, the MVLWB issued a decision letter indicating the ICRP Ver.4 was not
approved. De Beers participated in a working meeting on March 4, 2019 with the MVLWB staff
to understand and address the MVLWB comments and directives. The updated ICRP Ver. 4.1
was submitted to the MVLWB for staff conformity review on March 29, 2019. This plan was
approved on June 6, 2019 along with the associated Reclamation Research Plan. De Beers
will continue the reclamation research projects, as prescribed in 2020.
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GENERAL DESCRIPTIONS OF REGIONAL AND SITE AIR QUALITY
CONDITIONS
Mining activities that predominantly affect air quality at Gahcho Kué include the operation of
fleet of vehicles, power generation and heating. The air quality compounds of interest include
deposited dust, ambient concentrations of total suspended particulate (TSP), particulate in the
2.5 microns and smaller size range (PM2.5), and emissions of nitrogen oxides (NOX) that are
reported as ground-level concentrations of nitrogen dioxide (NO2). In 2019, concentrations
were below the Draft NWT Air Quality Standards. A detailed Air Quality and Emissions Report
will be submitted in June 2020, with inclusion of results.
Activities to reduce emissions and dust generation in 2019 include watering of roads and
laydown areas at the Mine site to suppress dust suppression, enforcing speed limits around
site, regular maintenance of heavy equipment and mine vehicle engines, maintaining emission
standards for internal combustion engines in equipment used on site, and using ultra lowsulphur diesel fuel.
In addition, site monitoring programs in the terrestrial (e.g., Air Quality and Emissions
Monitoring and Management Plan, Vegetation and Soils Monitoring Program) and aquatics
(e.g., Surveillance Network Program, Aquatic Effects Monitoring Program) environments were
also conducted, with measured data used to identify if Mine activities are affecting the
environment, and which provide input for adaptive management, if necessary.
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EXECUTIVE SUMMARY
Revegetation at the Gahcho Kué Mine (Mine) has been identified as a closure activity related to future land
use and aesthetics. The Reclamation Research Plan, as part of the Interim Closure and Reclamation Plan
for the Mine (De Beers, 2018a) details De Beers’ commitment to completing site specific research to
evaluate revegetation techniques. The objective of this report is to present the implementation plan for onsite revegetation trials and opportunistic vegetation monitoring in upland areas of the Mine; thus, partially
completing Task 2 of the revegetation research as presented in the Reclamation Research Plan.
In support of the on-site revegetation trials, a desktop evaluation was completed to identify target upland
vegetation species for use in revegetation test plots and vegetative efforts at the Mine. Species identified
included a mix of graminoid and shrub species, all of which are native to the Northwest Territories.
An assessment of the seed and plant sources for the target vegetative species was also completed. The
report details the requirements for native seed collection as well as for commercial suppliers.
For the on-site revegetation test plots, the experimental methods and treatment schedule for target species
field trials was designed to assess the influence of placing overburden material or nothing as a topdressing,
and the application of fertilizer and/or compost as an amendment on the growth and health of select target
plant species. The test plots monitoring program will be used to inform active and natural recovery plant
coverage and rates for upland areas at the Mine.
A monitoring plan was also developed to evaluate the natural recovery of vegetation onto various disturbed
dry upland mine areas over time. The locations, monitoring methods and performance measurements, data
analysis and schedule for implementation are detailed in the report. The outcomes of both the test plot and
opportunistic vegetation monitoring programs will inform the revegetation methodology to apply at closure.
Findings from this research will be summarized in an annual report, to be included within the Annual Closure
and Reclamation Plan Progress Report, which is a requirement of the Mine’s Water Licence.
Next steps to be taken regarding plant sourcing include the following:
1. Purchase target grass seed from commercial supplier(s) for the following quantities:
a. 0.7 kg/ha (0.06 kg total) Tickle grass (Agrostis scabra)
b. 5.2 kg/ha (0.43 kg total) Rocky Mountain fescue (Festuca saximontana)
c.

3.2 kg/ha (0.26 kg total) Alpine bluegrass (Poa alpina)

d. 1.4 kg/ha (0.11 kg total) Spiked trisetum (Trisetum spicatum)
2. Develop an on-site collection program for target shrub seeds, berries and cuttings for propagation
at an off-site nursery and/or staking. Timing of collection(s) and target quantities to be evaluated.
3. Conduct on-site collection of shrub seeds, berries and cuttings for propagation at an off-site nursery
and/or staking.
Next steps for implementation of the test plots include:
1. Test physical and chemical characteristics of overburden and compost stockpile material and
background substrate material.
2. Evaluate overburden and compost material size and characteristics for use in the test plots.
3. Evaluate available quantities of compost for use in the test plots and final reclamation.
4. Evaluate fertilizer requirements (i.e., nutrient ratio, application rate).
5. Scarify surface of test plots location.
6. Load, haul and spread overburden material at test plots.
7. Apply fertilizer.
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8. Plant grass seeds and shrub seedlings when available for spring planting.
9. Complete construction monitoring reporting.
10. Conduct routine test plot monitoring and reporting.
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1.0

INTRODUCTION

The Gahcho Kué Mine (Mine) is operated by De Beers Canada Inc. (De Beers) in a joint venture with
Mountain Province Diamonds Inc. The Mine is located in the Northwest Territories (NT) approximately 280
kilometres (km) northeast of Yellowknife, and approximately 80 km southeast of the Snap Lake Mine (see
Figure 1). Final regulatory approvals for construction and operation of the Mine were granted in 2014.
Operations commenced in September 2016, with production at the Mine expected to continue until 2028
(De Beers, 2018b).
During the Environmental Impact Review (EIR) process (De Beers, 2010), revegetation of disturbed surface
materials and aquatic areas at the Mine at closure was identified as a topic of interest. In response, De
Beers has committed to completing specific research projects focused on revegetation to support
development of a revegetation management plan for the successful restoration of the Mine site. Closure
objectives pertaining to revegetation were presented in the Interim Closure and Reclamation Plan (ICRP)
(De Beers, 2018a) and approved on an interim basis by the Mackenzie Valley Land and Water Board in
March 2017 (MVLWB, 2017). The ICRP includes a Reclamation Research Plan (RRP), of which,
revegetation to support mine closure, is a topic.
The tasks associated with the revegetation research are as follows:
• Task 1- Assessment of best management practices for revegetation at comparable mine sites;
• Task 2- Evaluation of revegetation methods and their effectiveness for upland, riparian and aquatic
areas.
• Task 3- Identify optimum use of overburden stockpile material for use in revegetation;
• Task 4- Development of revegetation closure criteria; and,
• Task 5- Development of a final revegetation plan at mine closure.
A desktop study was completed by ARKTIS (2018) to complete Task 1 of the research plan. The objective
of this report is to present the implementation plan for on-site revegetation trials and opportunistic
vegetation monitoring in upland areas of the Mine; thus, partially completing Task 2 of the research plan.
The evaluation of revegetation methods for riparian and aquatic areas is outside the scope of this work.
This report is organized as follows:
•
•
•
•
•
•
•
•

Section 1 presents the background, purpose and scope;
Section 2 describes the current site conditions;
Section 3 summarizes the overall revegetation strategy for the Mine;
Section 4 provides a desktop evaluation to identify target upland vegetation species for use in
revegetation test plots and vegetative efforts at the Mine;
Section 5 provides an assessment of the seed and plant sources for the target vegetative species;
Section 6 details the methods for implementation of the test plots, including the location, construction,
revegetation methods to assess/evaluate, monitoring program and performance measurements,
adaptive management and schedule for implementation;
Section 7 provides the outline for an opportunistic vegetation monitoring program to evaluate the
natural encroachment of vegetation onto dry disturbed mine areas over time; and,
Section 8 outlines the annual reporting requirements.

Results of this implementation plan are expected to be used to inform the final revegetation plan for the
Mine.
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Figure 1. Location of Gahcho Kué Mine, NWT (De Beers, 2018b).

1.1

Revegetation Objectives, Criteria and Commitments

Preliminary closure objectives and proposed closure criteria for revegetation were included in the ICRP (De
Beers, 2018a) and presented in Table 1. Further refinement of the closure criteria may occur based on
findings of the revegetation research.
Commitments have also been made by De Beers regarding revegetation at the Mine during the initial project
assessment and permitting stages (De Beers, 2010). Based on the commitments made during the EIR
process, as well as the revegetation targets specified within the proposed closure criteria, commitments
directly impacting species selection and the subsequent development of seed stock for revegetation
research and vegetative efforts at site include the following:
• Use of native species; and,
• Use of test plots during mine operations to evaluate treatment effectiveness of revegetation.
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The use of native species is addressed within Section 4.0, and the use of test plots to support the evaluation
of revegetation methods and their effectiveness for upland areas is outlined in Section 6.0.
Table 1. Revegetation closure objectives and criteria for the Mine.
Closure Objective

Proposed Closure Criteria

I2 – Revegetation
targeted to priority areas

Available surface materials have been salvaged and applied as a growth substrate;
compacted soil surfaces (e.g. roads, pads) have been scarified; and native species
have been applied to disturbed areas. Additional criteria may be included based on
the outcome of research trials.

I3 – Aesthetic conditions
of the infrastructure
areas are similar to
surrounding natural
conditions

No visible buildings, equipment or non-local materials on surface; final grading reflects
surrounding topography and re-establish natural drainage pathways where possible;
native vegetation species applied at final closure using methods informed by the
research findings.
At Mine Rock Piles, remaining access roads have been scarified, and salvaged
overburden applied, if available. Additional criteria for all areas may be included based
on the outcome of revegetation research trials.

2.0
2.1

SITE BACKGROUND
Project Description

The Mine includes the following key features: open pit workings, mine rock and PK disposal areas (i.e.
South Mine Rock Pile, West Mine Rock Pile, Coarse PK Pile, Fine PKC Facility), kimberlite ore stockpile,
water management structures, potable water treatment plant, fuel storage facility, roadways, airstrip,
storage laydown areas, various buildings (i.e. accommodations complex, process plant, etc.), and a winter
access road spur off the Tibbitt-to-Contwoyto winter road. An aerial view of the Mine which depicts the
locations for the majority of the mine components is provided in Figure 2. The total Mine footprint is
estimated to be approximately 1,292 ha (De Beers, 2018b).
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Figure 2. Aerial view of the Gahcho Kué Mine (De Beers, 2018b).

4

DE BEERS CANADA INC., GAHCHO KUÉ MINE
UPLAND REVEGETATION RESEARCH IMPLEMENTATION PLAN

2.2

Climate

The climate at the Mine is considered sub-Arctic, characterized by short, cool summers and long, cold
winters. Temperatures at the Mine typically fall to below freezing by early October and remain so until midlate May. Monthly mean temperatures persist below -20ºC from December through March, with daily means
occasionally reaching below -40ºC (De Beers, 2010). On average, January is the coldest month, but the
most extreme low temperatures tend to occur in February. The warmest month is July with a mean
temperature of about 12ºC. The annual mean temperature is estimated at -9.7ºC. Measured mean annual
precipitation in the region is approximately 270 mm with about half falling as snow during the October to
May winter period (De Beers, 2010). It rains most often in September at the Mine location, with the highest
monthly total recorded in August.

2.3

Topography and Surficial Geology

The topography of Mine is described as gently rolling hills, boulder fields with occasional rocky ridges,
bedrock outcrops, wet depressions and small ponds (De Beers, 2010). The elevation of the Kennady Lake
watershed, within which the Mine is located, varies between 400 and 550 metres above sea level (masl)
but is generally flat.
Surficial soils in the plant site area are typically ice-rich permafrost consisting mainly of sand and gravel
with varying quantities of boulders. The dominant deposit types in the local study area (LSA) are bedrock
(granite), morainal (till mainly less than 1 m thick), glaciofluvial (including eskers), and organic (bog peat
and fen peat) (De Beers, 2012). Water-laid (fluvial) and aeolian sediments are of minor occurrence in the
LSA. Four upland landform types were recognized within the LSA area, including undulating to hummocky,
undulating, ridged, and inclined. Peatland forms included polygonal peat plateau bog, peat plateau bog,
lowland polygon bog and fen and horizontal fen.
Lake bottom sediments at the base of Kennady Lake have an average thickness of 7 m (De Beers, 2010).
The lake bottom sediments are described as containing sand, pebbles, cobbles, boulders, and few fines.
The lake bottom sediments are overlain by a thin organic mat, and the on-land till may be overlain with peat
up to several metres thick. To develop the open pits, the lake bed sediments and underlying soils are
moved for storage in the overburden stockpile, located adjacent to the South Mine Rock Pile. The
overburden stockpile materials are available for use in mine closure to vegetate priority areas.

2.4

Baseline Vegetation and Ecosystem and Terrestrial Habitat Classification

The Mine is located within the Mackay Upland Ecoregion located within the Taiga Shield Ecozone. This
ecoregion forms part of the boreal forest to tundra transition (Scott, 1995; Bliss, 2000). The most common
upland cover types are shrub tundra and open spruce woodlands. Other vegetation includes dwarf birch
(Betula glandulosa Michx.), mountain cranberry (Vaccinium vitis-idaea L.), northern Labrador tea (Ledum
palustre L.), common Labrador tea (Ledum groenlandicum Oder), red bearberry (Arctostaphylos rubra),
black crowberry (Empetrum nigrum L. ssp.) and lichens (De Beers, 2010). Dystric Brunisols with Turbic,
Static, and Organic Cryosols are the dominant soils. Rock outcrops are common in the uplands and lakes
in the lowlands. Permafrost, continuous and discontinuous, is common in this ecoregion.
The impacts of the Mine on the native vegetation communities are assessed at two scales. There is the
regional study area (RSA; 5,700 km2) and the local study area (LSA; 19,500 ha). The ecosystem types that
dominate the landscape in the LSA include Scrub Birch-Labrador Tea Tundra (BL), Lake (LA) (open water),
and Scrub Birch-Cloudberry Low Shrub Bog (BR) (De Beers, 2010). The terrestrial habitat types with the
greatest aerial coverage are Deep Water (13.7%), Tussock/Hummock (11.1%), Peat Bog (10.6%), Heath
Tundra (10.0%), Heath/Bedrock (9.9%), and Sedge Wetland (9.4%). Within Kennady Lake, aquatic
vegetation is very limited, occurring mostly at tributary mouths and in rare shoreline areas where fine
substrates accumulate.
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3.0

REVEGETATION STRATEGY

The revegetation goal at the Mine is to achieve the re-establishment of native vegetation at the mine site
at priority areas. To facilitate the revegetation of disturbed areas, three revegetation options have been
adopted for the Mine (De Beers, 2017a). They include:
1. Grading surfaces to promote drainage and limit pooling and surface material loosening
(scarification).
2. Placement of salvaged overburden as a growth amendment to priority areas.
3. Application of native species.
These approaches represent the reclamation activities that will aim to meet the approved closure objectives
regarding landscape aesthetics (I3) and the targeted revegetation at priority areas (I3). The selected
combination of the above activities that will be used in final vegetative efforts at the Mine, and the locations
where they are applied, will be informed by the revegetation research and included in the final revegetation
plan for the Mine.

4.0
4.1

SELECTION OF TARGET VEGETATIVE SPECIES FOR TESTING
Plant Strata Used for Revegetation at Mine Sites

One of the closure objectives is for landscape features to match the aesthetics of the surrounding natural
area (Table 1). To meet this objective, plants chosen for revegetation purposes should be native to the
region. The Mine’s Environmental Impact Statement (EIS) (De Beers, 2010) catalogued the variety of plant
species found within the Mine’s vicinity. Species are categorized into five plant strata: shrub, graminoid,
forb, bryophyte, and lichen. Of these, three are typically used for revegetation at mine sites: shrubs,
graminoids, and forbs (Skousen and Zipper, 2010).
Shrubs are defined to be woody plants that are less than 5 m (15 ft) in height either without a distinct main
stem or with branches persisting on the main stem almost to its base (United States Department of
Agriculture, 2014). Shrubs are often used in revegetation projects because of their prevalence in the natural
environment, and because of their importance to Traditional Knowledge applications.
Graminoid species are vascular plants that are grass or grass-like including: grasses, sedges, rushes,
arrow-grasses, and quillworts (United States Department of Agriculture, 2014). Grasses are commonly
used in revegetation programs for the following reasons (Skousen and Zipper, 2010):
•
•
•
•
•

They are commercially available;
They can produce a large amount of biomass;
They grow rapidly;
They have a fibrous root system that can aid in controlling erosion by holding soil in place; and,
Grass species can be found that can tolerate a wide variety of environmental and soil conditions.

Forbs are herbaceous (non-woody) flowering plants that exclude graminoid species. Forbs can be further
classified as legumes and non-legumes. Legumes have been focused in revegetation work because of their
ability to fix nitrogen and transfer it to the soil system. This ability is of particular interest when it comes to
revegetating soil that is low in nitrogen (Skousen and Zipper, 2010).

4.2

Selection Criteria

An initial species short list for use during upland revegetation field trials at the Mine was compiled by
reviewing the following:
• Species that have been identified as important for Traditional Knowledge applications and reported
in the EIS (De Beers, 2010);
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• Species that were recorded as being found at the Mine during the baseline monitoring program as
part of the EIS (De Beers, 2010), or during the Vegetation and Soils Monitoring Program (VSMP)
(Golder, 2017);
• Species used during revegetation studies at the Snap Lake Diamond Mine (ARKTIS, 2017);
• Species used during revegetation studies at the Ekati Diamond Mine (DDEC, 2012); and,
• Species used during revegetation studies at the Diavik Diamond Mine (Diavik Diamond Mines, 2011).
The initial target species list was evaluated for suitability for use at the upland areas of the Mine by
assessing the ability of each species to meet the following four specific selection criteria:
• Native species;
• Demonstrated track record when used in other revegetation projects at other northern diamond
mines;
• Traditional Knowledge application; and,
• Preference for dry upland habitats/ecosystems.
Each of the selection criteria are described in further detail in the sections that follow. Species that satisfied
the native species and upland habitat/ecosystem criteria, as well as, at least one of the other two selection
criteria were used in development of a target species list for the Mine (see Section 4.3 for detailed
description).

Native Species
The Government of Alberta defines a native species to be “a species occurring within its historic range or
in an extension of the range bounded by the dispersal potential of the plant and under the condition that
the extension of that range is not known to be related to human activities”(Alberta Environment, 2003). For
a plant to meet the criteria of being native to the Gahcho Kué site region, the plant had to be either:
• Recorded within the EIS (De Beers, 2010) as being present when baseline studies were conducted;
or
• Recorded during the ongoing VSMP (Golder, 2017); or
• Present in the “NWT Species 2016-2020” document developed by the GNWT (GNWT, 2017).
A variety of shrubs, graminoids, and forbs met the criteria of being a native species. A summary of the
evaluation is provided in Table 2.
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Table 2. Summary of native species analysis.

Strata

Shrubs

Graminoid

Identified in GK Baseline Studies
or Monitoring

Common Name

Scientific Name

In NWT Species List

Green alder

Alnus viridis

Bog rosemary

Andromeda polifolia

X

X

Alpine bearberry

Arctostaphylos rubra

X

X

Bearberry

Arctostaphylos uva-ursi

Dwarf Birch

Betula glandulosa/nana

X

X

Crowberry

Empetrum nigrum

X

X

Dwarf Labrador Tea

Ledum decumbens

Northern Labrador tea

Ledum palustre

X

X

Creeping Azalea

Loiseleuria procumbens

X

X

Lapland lousewort

Pedicularis lapponica

X

X

Beaked willow

Salix bebbiana

Willow

Salix planifolia

Bilberry

Vaccinium myrtillus

Blueberry

X

X

X

X
X

X

Vaccinium uliginosum

X

X

Lingonberry

Vaccinium vitis-idaea

X

X

Slender wheatgrass

Agropyron pauciflorum

Alpine wheatgrass

Agropyron violaceum

Tickle grass

Agrostis scabra

Polar grass

Arctagrostis latifolia

Lapland reed grass

Calamagrostis Lapponica

Purple reed grass

Calamagrostis purpurascens

Bluejoint/reed grass

Calamagrostis canadensis

Water sedge

Carex aquatilis

X

X

Sedge

Carex bigelowii

X

X

Fragrant Sedge

Carex nardina

X

X

Few-seeded Sedge

Carex oligosperma

X

X

Rocky-ground sedge

Carex saxatilis

X

X

Rush-like sedge

Carex scirpoidea

X

X

X
X
X

X
X
X

8

DE BEERS CANADA INC., GAHCHO KUÉ MINE
UPLAND REVEGETATION RESEARCH IMPLEMENTATION PLAN

Strata

Scientific Name

Sedge

Carex vaginata

X

Tufted hairgrass

Deschampsia cespitosa

X

Spiked wood-rush

Luzula spicata

Hairy wild rye

Leymus innovatus

X

Arctic cotton/arctic cottongrass

Eriophorum angustifolium

X

Arctic cotton/arctic cottongrass

Eriophorum callitrix

X

Arctared fescue

Festuca rubra

X

Rocky Mountain fescue

Festuca saximontana

X

Alpine holygrass

Hierochloe alpina

Alpine bluegrass

Poa alpina

X

Tundra bluegrass

Poa glauca

X

Nuttall's alkali grass

Puccinellia nuttalliana

X

Spiked trisetum

Trisetum spicatum

X

Wormwood

Artemisia arctica

X

Alpine milk-vetch

Astragalus alpina

X

Epilobium angustifolium

X

Epilobium latifolia

X

Alpine hedysarum

Hedysarum alpinum

X

Liquorice root/Northern
hedysarum

Hedysarum Mackenzii

X

Reflexed locoweed

Oxytropis deflexa

X

Showy locoweed

Oxytropis splendens

X

Viscid oxytrope

Oxytropis borealis var. viscida

X

Labrador lousewort

Pedicularis labradorica

Hairy or small butterwort

Pinguicula villosa

Common butterwort

Pinguicula vulgaris

X

X

Cloudberry

Rubus chamaemorus

X

X

Prickly saxifrage

Saxifraga tricuspidata

X

Sticky false asphodel

Tofieldia glutinosa

X

Scotch false asphodel

Tofieldia pusilla

Fireweed

Forb

Identified in GK Baseline Studies
or Monitoring

Common Name

X

X

In NWT Species List

X

X
X

X

X

9

DE BEERS CANADA INC., GAHCHO KUÉ MINE
UPLAND REVEGETATION RESEARCH IMPLEMENTATION PLAN

Demonstrated Track Record of Use in Revegetation Projects/Trials
De Beers, Dominion Diamond Ekati Corporation, and Diavik Diamond Mines Inc. have conducted
revegetation research trials in the Northwest Territories (NT) at the Snap Lake, Ekati, and Diavik mines,
respectively. The results from these studies may be applicable to plant selection for the Mine due to the
geographic proximity and revegetation needs of these sites. The results of these studies were used to
identify species with a proven track record. For a species to have met the criteria of having a proven track
record, it must have achieved a minimum of a “2” rating on the rating scale used in this assessment. The
success of each plant species used in these trials was rated on a 0 to 3 scale, as follows:
•

A “0” rating was assigned if the species failed to establish.

•

A “1” rating was assigned if the species established but died out prior to the end of the monitoring
program.

•

A “2” rating was assigned if the species established and was still present at the end of the
monitoring program

•

A “3” rating was assigned if the species performed well. Not applicable (N/A) was used when there
was inadequate species information available to evaluate that species’ performance.

At Snap Lake, revegetation trials commenced in 2016 with select species on four different soil conditions
at the Snap Lake mine – no topsoil or fertilizer, fertilizer without topsoil, topsoil without fertilizer, and topsoil
with fertilizer (ARKTIS, 2017). The species used were a combination of shrubs, graminoids, and forbs that
were native to the area. The results of the studies are presented in Table 3. Of the observed strata,
graminoids had the largest success. Tickle grass (Agrostis scabra), Lapland reed grass (Calamagrostis
lapponica), Rocky Mountain fescue (Festuca saximontana), and Alpine bluegrass (Poa alpina), met the
success criteria. Spiked trisetum (Trisetum spicatum) established at the end of the monitoring data
availability but was yet to exceed a 5% plant coverage in the tested soil conditions. Fireweed (Epilobium
angustifolium) was the only forb that was observed to perform well. Showy locoweed (Oxytropis splendens)
had established by the end of the monitoring data availability but, performance thus far is poor. Of the
shrubs included in the monitoring program, those that were planted as seedlings (crowberry, lingonberry)
met the success criteria, while the shrubs spread by seeding failed to germinate (bearberry, crowberry, and
lingonberry).
The Ekati mine has conducted revegetation trials since 1996 (DDEC, 2012). A combination of shrubs,
graminoids, and forbs were tested at each of the following six project sites: the airstrip esker, Fay Bay,
Fred’s Channel, Fox Portal waste rock storage area, glacial till/lake sediment deposit, and a rock pad site.
Only graminoids and forbs were tested at the airstrip site. The results of the studies are presented in Table
3. Of the shrubs studied, Dwarf birch (Betula glandulosa/nana) and Willow (Salix spp.) met the criteria for
success. Arctared fescue (Festuca rubra), Polar grass (Arctagrostis latifolia), Alpine bluegrass (Poa alpina),
Tundra bluegrass (Poa glauca), Tufted hairgrass (Deschampsia ceaspitosa), and Spiked trisetum (Trisetum
spicatum) were the best performers of the graminoids studied. The only forb to establish was the legume
Alpine milk-vetch (Astragalus alpina); however, the species only established in one of three trials in organic
soil and was performing poorly at the end of the monitoring data.
The Diavik mine rock pad revegetation study assessed select vascular vegetation species for their suitability
for use at the Mine (Diavik Diamond Mines Inc., 2011). This study also incorporated a variety of shrubs,
graminoids, and forbs. The results of this study are presented in Table 3. The shrubs Bearberry
(Arctostaphylos uva-ursi) and Crowberry (Empetrum nigrum) were successful, as were the following
grasses: Tickle grass (Agrostis scabra), Alpine wheatgrass (Agropyron violaceum), Slender wheatgrass
Agropyron pauciflorum), Rocky Mountain fescue (Festuca saximontana), Bluejoint/reedgrass, Polar grass,
Alpine bluegrass and Nuttall’s alkali grass (Puccinellia nuttalliana). Only the forb, Liquorice root (Hedysarum
mackenzii), met the criteria for success.
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Table 3. Summary of performance analyses at Snap Lake, Ekati, and Diavik mine sites.
Snap Lake Revegetation Field Program Summary

Strata

Shrubs

Graminoid

Common Name

Scientific Name

Green alder

Alnus viridis

Bog rosemary

Andromeda polifolia

Alpine bearberry

Arctostaphylos rubra

Bearberry

Arctostaphylos uva-ursi

Dwarf Birch

Betula glandulosa/nana

Fertilizer
without
Topsoil

No Topsoil
or
Fertilizer

Topsoil
and
Fertilizer

Tops soil
without
fertilizer

BHP Billiton Canada Inc - EKATI
Airstrip

Airstrip
Esker

Fay
Bay

Fred's
Channel

Fox
Portal
WRSA

Diavik Diamond Mines

Glacial Till/Lake
Sediment
Stockpiles

Rock Pad
Reclamation

Gravel Pad

2
3
3

a

3

a

3

a

3

2

a

Not planted

0

Crowberry

Empetrum nigrum

Dwarf Labrador tea

Ledum decumbens

2

Northern Labrador tea

Ledum palustre

Creeping azalea

Loiseleuria procumbens

Lapland lousewort

Pedicularis lapponica

Beaked willow

Salix bebbiana

Willow

Salix planifolia

Bilberry

Vaccinium myrtillus

Blueberry

Vaccinium uliginosum

Lingonberry

Vaccinium vitis-idaea

Slender wheatgrass

Agropyron pauciflorum

2

Alpine wheatgrass

Agropyron violaceum

3

Tickle grass

Agrostis scabra

Polar grass

Arctagrostis latifolia

Lapland reed grass

Calamagrostis lapponica

Purple reed grass

Calamagrostis purpurascens

Bluejoint/reed grass

Calamagrostis canadensis

Sedge

Carex aquatilis

Sedge

Carex bigelowii

Fragrant Sedge

Carex nardina

Few-seeded Sedge

Carex oligosperma

Rocky-ground sedge

Carex saxatilis

Rush-like sedge

Carex scirpoidea

Sedge

Carex vaginata

Tufted hairgrass

Deschampsia cespitosa

Spiked wood-rush

Luzula spicata

Hairy wild rye

Leymus innovatus

Arctic cotton/arctic cottongrass

Eriophorum angustifolium

Arctic cotton/arctic cottongrass

Eriophorum callitrix

Arctared fescue

Festuca rubra

Rocky Mountain fescue

Festuca saximontana

Alpine holygrass

Hierochloe alpina

Alpine bluegrass

Poa alpina

0

N/A

0

N/A

3
Not planted
1
3a

2

3a

3

3a

3

3a

3

2
2

3

3

3

0

3

2

3
2

1

1
3

3

3

3

3

2

2

3

1

0

2

2

2

2

1

3

1
2

0
2

1

2

1

0

2

3
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Snap Lake Revegetation Field Program Summary

Strata

Common Name

Scientific Name

Tundra bluegrass

Poa glauca

Nuttall's alkali grass

Puccinellia nuttalliana

Spiked trisetum

Trisetum spicatum

Wormwood

Artemisia arctica

Alpine milk-vetch

Astragalus alpinus

Fireweed

Forb

Epilobium angustifolium

Fertilizer
without
Topsoil

No Topsoil
or
Fertilizer

Topsoil
and
Fertilizer

Tops soil
without
fertilizer

BHP Billiton Canada Inc - EKATI
Airstrip

Airstrip
Esker

1

1

Fay
Bay

Fred's
Channel

Fox
Portal
WRSA

Glacial Till/Lake
Sediment
Stockpiles

Diavik Diamond Mines
Rock Pad
Reclamation

2

Gravel Pad
3
3

2

2

2

2

2

0
0
2b

3

3

3

3

Epilobium latifolia

1

1

3

0

0

3

1

Alpine hedysarum

Hedysarum alpinum

Liquorice root/Northern hedysarum

Hedysarum Mackenzii

0

Not planted

3

Reflexed locoweed

Oxytropis deflexa

0

1

1

Showy locoweed

Oxytropis splendens

Viscid oxytrope

Oxytropis borealis var. viscida

Labrador lousewort

Pedicularis labradorica

Hairy or small butterwort

Pinguicula villosa

Common butterwort

Pinguicula vulgaris

Cloudberry

Rubus chamaemorus

Prickly saxifrage

Saxifraga tricuspidata

Sticky false asphodel

Tofieldia glutinosa

1

2

b

2

b

2

b

2

b

1
0

Scotch false asphodel
Tofieldia pusilla
Crowberry and lingonberry demonstrated success when planted as seedlings; however, when planted as seeds, the seeds failed to germinate.
b Both showy locoweed and alpine milk-vetch established by the end of the monitoring period; however, the species were both performing poorly.
a
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Traditional Knowledge Application
The importance of the species in Traditional Knowledge applications was considered in the target species
selection. The Mine’s EIS (De Beers, 2010) presented a list of plant species with a known Traditional
Knowledge value and is summarized in Table 4.
Table 4. Plant species with Traditional Knowledge value.

Strata

Shrubs

Graminoid

Common Name

Scientific Name

Green alder

Alnus viridis

Traditional Knowledge Value

Bog rosemary

Andromeda polifolia

Alpine bearberry

Arctostaphylos rubra

X

Bearberry

Arctostaphylos uva-ursi

X

Dwarf Birch

Betula glandulosa/nana

X

Crowberry

Empetrum nigrum

X

Dwarf Labrador tea

Ledum decumbens

X

Northern Labrador tea

Ledum palustre

X

Creeping Azalea

Loiseleuria procumbens

Lapland lousewort

Pedicularis lapponica

Beaked willow

Salix bebbiana

Willow

Salix planifolia

Bilberry

Vaccinium myrtillus

Blueberry

Vaccinium uliginosum

X

Lingonberry

Vaccinium vitis-idaea

X

Slender wheatgrass

Agropyron pauciflorum

Alpine wheatgrass

Agropyron violaceum

Tickle grass

Agrostis scabra

Polar grass

Arctagrostis latifolia

Lapland reed grass

Calamagrostis Lapponica

Purple reed grass

Calamagrostis purpurascens

Bluejoint/reed grass

Calamagrostis canadensis

Water Sedge

Carex aquatilis

Sedge

Carex bigelowii

Fragrant Sedge

Carex nardina

Few-seeded Sedge

Carex oligosperma

Rocky-ground sedge

Carex saxatilis

Rush-like sedge

Carex scirpoidea

Sedge

Carex vaginata

Tufted hairgrass

Deschampsia cespitosa

spiked wood-rush

Luzula spicata

Hairy wild rye

Leymus innovatus

Arctic cotton/arctic cottongrass

Eriophorum angustifolium

Arctic cotton/arctic cottongrass

Eriophorum callitrix

X

X
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Strata

Common Name

Scientific Name

Arctared fescue

Festuca rubra

Rocky Mountain fescue

Festuca saximontana

Alpine holygrass

Hierochloe alpina

Alpine bluegrass

Poa alpina

Tundra bluegrass

Poa glauca

Bluegrass

Poa sp.

Nuttall's alkali grass

Puccinellia nuttalliana

Spiked trisetum

Trisetum spicatum

Wormwood

Artemisia arctica

Alpine milk-vetch

Astragalus alpina

Fireweed

Forb

Traditional Knowledge Value

Epilobium angustifolium
Epilobium latifolia

Alpine hedysarum

Hedysarum alpinum

Liquorice root/Northern hedysarum

Hedysarum Mackenzii

Reflexed locoweed

Oxytropis deflexa

Showy locoweed

Oxytropis splendens

Viscid oxytrope

Oxytropis borealis var. viscida

Labrador lousewort

Pedicularis labradorica

Hairy or small butterwort

Pinguicula villosa

Common butterwort

Pinguicula vulgaris

Cloudberry

Rubus chamaemorus

Prickly saxifrage

Saxifraga tricuspidata

Sticky false asphodel

Tofieldia glutinosa

Scotch false asphodel

Tofieldia pusilla

X

Species Habitat and Ecosystem
The preferred habitat and ecosystem of a species may be a factor to consider when recommending the
appropriate plant species. Specifically, soil moisture is one factor that drives whether a plant species will
be able to tolerate the growing conditions at a given revegetation site. The final selection criteria considered
whether the species preferred dryer upland areas or moist/wet riparian lowland areas. Plant species were
not recommended for the upland revegetation research implementation plan if they preferred habitats that
were more mesic. Species that qualified for species selection but were considered to prefer moist/wet
riparian lowland ecosystems are:
•
•
•
•
•

Polar grass (Arctagrostis latifolia);
Bluejoint/reedgrass (Calamagrostis canadensis);
Tufted hairgrass (Deschampsia cespitosa);
Nuttall’s alkali grass (Puccinellia nuttalliana); and,
Cloudberry (Rubus chamaemorus).
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4.3

Target Species Selection

Table 5 provides a summary of the overall target species analysis. Species that were considered native
species, and met either the prior performance, Traditional Knowledge, or both selection criteria were
selected for the recommended target species. In addition to this selection criteria, vegetation selected as
a recommended target species had a preferred average moisture regime similar to that of the dry upland
ecosystem. There were four exceptions to this selection process: Showy locoweed (Oxytropis splendens),
Alpine milk-vetch (Astragalus alpinus), and Fireweed (Eplilobium angustifolium and Epilobium latifolia).
Each of the species are forbs native to the NWT and had demonstrated prior performance at NWT mine
sites. Fireweed (Epilobium angustifloium and Epilobium latifolia) were not recommended due to the high
cost of their revegetation determined from the Snap Lake seed development report (ARKTIS, 2014). Due
to the poor prior performance of Showy locoweed (Oxytropis splendens) and Alpine milk-vetch (Astragalus
alpinus) at Snap Lake and/or Ekati mine sites, and the typically high costs of revegetation using forbs, these
species were not recommended. The recommended target species as a result of this selection process
are provided in Table 6. The diversity in plant strata along with soil moisture tolerances which pair well with
the upland ecosystem increase the likelihood that plant species will be available to meet a range of
revegetation needs.
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Table 5. Summary of target species analysis.
Strata

Shrubs

Graminoid

Native Species

Prior Performance

TK Value

Riparian1

Upland1

X

X

X

Common Name

Scientific Name

Green alder

Alnus viridis

X

Bog rosemary

Andromeda polifolia

X

Alpine bearberry

Arctostaphylos rubra

X

Bearberry

Arctostaphylos uva-ursi

X

X

X

Dwarf Birch

Betula glandulosa/nana

X

X

X

X

X

Crowberry

Empetrum nigrum

X

X

X

X

X

Dwarf Labrador tea

Ledum decumbens

X

X

X

X

Northern Labrador tea

Ledum palustre

X

X

X

Creeping Azalea

Loiseleuria procumbens

X

Lapland lousewort

Pedicularis lapponica

X

Beaked willow

Salix bebbiana

X

Willow

Salix planifolia

X

Bilberry

Vaccinium myrtillus

Blueberry

Vaccinium uliginosum

X

X

X

X

Lingonberry

Vaccinium vitis-idaea

X

X

X

X

Slender wheatgrass

Agropyron pauciflorum

Alpine wheatgrass

Agropyron violaceum

X

X

X

Tickle grass

Agrostis scabra

X

X

X

X

Polar grass

Arctagrostis latifolia

X

X

X

Lapland reedgrass

Calamagrostis lapponica

X

X

Purple reedgrass

Calamagrostis purpurascens

X

Bluejoint/reedgrass

Calamagrostis canadensis

X

Water sedge

Carex aquatilis

X

X

Sedge

Carex bigelowii

X

X

Fragrant Sedge

Carex nardina

X

Few-seeded Sedge

Carex oligosperma

X

X

Rocky-ground sedge

Carex saxatilis

X

X

Rush-like sedge

Carex scirpoidea

X

Sedge

Carex vaginata

X

X
X

X

X
X

X
X
X

X

X

X
X

X

X

X
X

X

X

X

X
X

16

DE BEERS CANADA INC., GAHCHO KUÉ MINE
UPLAND REVEGETATION RESEARCH IMPLEMENTATION PLAN

Strata

Forb

Prior Performance

TK Value

Upland1

Scientific Name

Tufted hairgrass

Deschampsia cespitosa

X

Spiked wood-rush

Luzula spicata

X

Hairy wild rye

Leymus innovatus

X

Arctic cotton/arctic cottongrass

Eriophorum angustifolium

X

X

Arctic cotton/arctic cottongrass

Eriophorum callitrix

X

X

Arctared fescue

Festuca rubra

X

X

X

Rocky Mountain fescue

Festuca saximontana

X

X

X

Alpine holygrass

Hierochloe alpina

Alpine bluegrass

Poa alpina

X

X

X

Tundra bluegrass

Poa glauca

X

X

X

Nuttall's alkali grass

Puccinellia nuttalliana

X

X

Spiked trisetum

Trisetum spicatum

X

X

Wormwood

Artemisia arctica

X

Alpine milk-vetch

Astragalus alpina

X

X

X

Epilobium angustifolium

X

X

X

X

X

Fireweed

Native Species

Riparian1

Common Name

X

X
X

X

X
X
X

Epilobium latifolia

X

Alpine hedysarum

Hedysarum alpinum

X

Liquorice root/Northern hedysarum

Hedysarum Mackenzii

Reflexed locoweed

Oxytropis deflexa

X

Showy locoweed

Oxytropis splendens

X

Viscid oxytrope

Oxytropis borealis var. viscida

X

Labrador lousewort

Pedicularis labradorica

X

X

Hairy or small butterwort

Pinguicula villosa

X

X

Common butterwort

Pinguicula vulgaris

X

X

Cloudberry

Rubus chamaemorus

X

Prickly saxifrage

Saxifraga tricuspidata

X

Sticky false asphodel

Tofieldia glutinosa

X

X
X

X

X
X

X

X
X

X

X

X
X
X

Scotch false asphodel
Tofieldia pusilla
X
X
Species were classified as riparian or upland based on an average soil moisture regime. Soil moisture regime was identified from the following sources: http://linnet.geog.ubc.ca/DB_Query/QueryForm.aspx,
accessed August 14, 2018; https://nature.ca/, accessed August 14, 2018.
1
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Table 6. Summary of target species for use in dry upland areas.
Strata

Shrub

Graminoid

5.0

Scientific Name

Common Name

Alnus viridis

Green alder

Arctostaphylos rubra

Alpine bearberry

Arctostaphylos uva-ursi

Bearberry

Betula glandulosa/nana

Dwarf birch

Empetrum nigrum

Crowberry

Ledum decumbens

Dwarf Labrador tea

Salix bebbiana

Beaked willow

Vaccinium uliginosum

Blueberry

Vaccinium vitis-idaea

Lingonberry

Agrostis scabra

Tickle grass

Calamagrostis lapponica

Lapland reedgrass

Festuca rubra

Arctared fescue

Festuca saximontana

Rocky Mountain fescue

Poa alpina

Alpine bluegrass

Poa glauca

Tundra bluegrass

Trisetum spicatum

Spiked trisetum

SEED, SEEDLING AND STAKE STOCK DEVELOPMENT

The source and availability of seeds, seedlings and stakes of the target plants was assessed to further
identify the plants that could be used for revegetation research. This may include sourcing propagules
(e.g., seeds, stem cuttings, root cuttings, etc.) of desired species from existing vegetation at the Mine, or
through commercial sources. This section discusses the range of options available and their application to
planned revegetation activities at the Mine.

5.1

Acquisition of Seeds and Stakes

The acquisition of seeds for reclamation is typically done using two approaches: the collection of wild seed
from the project site, which then may be multiplied at site or at an off-site commercial nursery; or through
purchase of seed from a commercial supplier. Cuttings for staking are typically collected locally from the
project site. Selection of a preferred approach will depend largely on two key factors including:
• Commercial availability of native species, and,
• Feasibility of viable seed or stake collection in required quantities.
A combination of these two basic approaches may be required. For example, a reclamation project may
include the commercial acquisition of grass seeds and the field collection or transplanting of locally sourced
forb and shrub species. Many considerations are required when selecting sourcing methods for seed and
plant materials to be used in revegetation due to influential site-specific factors and varying characteristics
across the different plant species. Table 7 outlines which of the target species for the Mine can be sourced
through commercial options or must be collected locally. This section provides discussion of the primary
driving factors and their influence on development of a seed and plant stock for reclamation and research
activities at the Mine.
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Table 7. Summary of potential sourcing options for seeds, seedlings and stakes of the target species.

Strata

Shrub

Graminoid

Seeds Available
Commercially

Seeds Available
from ARI

Potential for Wild
Collection of
Seeds and Stakes
(plants identified
at Gahcho Kué)

Seedling
Propagation
Available
Commercially

Scientific Name

Common Name

Alnus viridis

Green alder

Arctostaphylos rubra

Alpine bearberry

Arctostaphylos uva-ursi

Bearberry

Betula glandulosa/nana

Dwarf Birch

X

X

Empetrum nigrum

Crowberry

X

X

Ledum decumbens

Dwarf Labrador tea

X

Salix Bebbiana

Beaked willow

X

Vaccinium uliginosum

Blueberry

X

X

Vaccinium vitis-idaea

Lingonberry

X

X

Agrostis scabra

Tickle grass

Calamagrostis Lapponica

Lapland reedgrass

Festuca rubra

Arctared fescue

Festuca saximontana

Rocky Mountain fescue

X

X

Poa alpine

Alpine bluegrass

X

X

Poa glauca

Tundra bluegrass

X
X

X
X

X

X
X

X
X

X

Trisetum spicatum
Spiked trisetum
X
X
Commercial availability of seeds determined by review of 2010 Native Plant Source List (ANPC, 2010).
Species available at the Aurora Research Institute (ARI) are based on inventory provided to ARKTIS on August 22, 2018. There is no commercial seed available
for all listed species.
Species identified at Gahcho Kué were determined using methods described in Section 4.2.1 Native Species.
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Commercial Seed Sourcing
The acquisition of native seeds from a commercial supplier has the potential to be less expensive than
collecting local seeds due to the staff labour requirements and often lower germination rates of collected
seed. Commercial seed suppliers may also offer propagation, cultivation and storage services, in addition
to, the purchase of native seed. At present, a few commercial suppliers exist with seeds in adequate
quantities for the target species at the Mine, all of which are graminoid or forb species.
Work completed by the Aurora Research Institute, as part of the NWT Seed Project, has developed a small
seed inventory of a wide variety of graminoids, forbs and shrubs found in several regions across the NWT.
Initial conversations with the ARI have indicated that their seed is currently exclusive to their research
purposes and is not commercially available at this time. Due to their limited stock and research focus, it is
unlikely that the ARI inventory will provide an adequate source for even small reclamation efforts.
Using commercially available seed can be beneficial to a revegetation program as it provides a timely
quality controlled (tested and graded) source for seeding. Initial correspondence with potential suppliers
has indicated that purchase of seed for graminoid species is available for four of the recommended
candidate species, including Tickle grass (Agrostis scabra); Rocky Mountain fescue (Festuca
saximontana); Alpine bluegrass (Poa alpina); and Spiked trisetum (Trietum spicatum). For species that are
available for purchase, quantities are more than that required for the proposed revegetation trials.
Currently, no known database for seed suppliers and the available species for the NWT exists. In
preparation of this report, information regarding potential suppliers was acquired through online web
searches, a review of seed sources used at the Snap Lake, Diavik, and Ekati sites, discussion with ARI,
and review of the 2010 Native Seed Source List published by the Alberta Native Plant Council (ANPC,
2018). Correspondence with select suppliers was completed to acquire a sense for each vendor’s capacity
to provide seed supplies, seed processing and storage, or potentially propagate seedlings plugs. In many
cases, vendors indicated that although a certain service, type of seed, or quantity of seed may not be
available at present, these materials or services could be acquired with advance notice and establishment
of a contract.
5.1.1.1

Types of Commercial Seed

When selecting commercially sourced seeds, various seed generations exist. For revegetation projects,
certified seed and common seed are the most often encountered. Certified seed is a third generation of the
Breeder seed, which is considered a new line of stock or new cultivar and is the purest seed available for
revegetation practitioners. If certified seed is used, the registered cultivar should be developed for
conditions similar to those at the Mine and propagated in a nursery as near to site as possible. Common
seed represents either fourth generation line of a bred cultivar, or seed which has been propagated from
wild plants (Matheus and Omtzigt, 2013). For either Certified or Common seed, all seeds advertised for
commercial sale must be tested and graded according to the Canada Seeds Act (Government of Canada,
2005). This process identifies the presence of invasive, noxious, and weed seeds, as well as, provides
several parameters indicating the quality of seeds and their associated germination rates, which is the most
important determinant of success (Matheus and Omtzigt, 2013).

Local Seed and Plant Sourcing
The collection of native seed or cuttings is an attractive approach to developing a seed/stake stock if the
desired plant species are present in adequate quantity. A major benefit from collecting local seed or stakes
is the avoidance of introducing propagules of a foreign species, as well as, using species with traits
conducive to higher rates of survivorship than some southern cultivars of the same species. Seeds or stakes
of forbs and shrubs species can often be collected with relative ease as they are often easy to identify, may
be present in clusters (legumes), or contain hundreds to thousands of seed per plant (e.g., birch). Seed of
graminoid species can be particularly difficult to acquire locally due to the often mixed-species stands, and
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large amounts required to meet common application rates for grasses (Matheus and Omtzigt, 2013).
Collection of cuttings for staking is typically limited to woody (i.e., shrub) species. Although collection and
planting local seed and stakes often requires considerable time and labour, consequently raising project
costs, it should always be considered during the planning stage to identify where native sources can be
used due to the beneficial ecological properties.
5.1.2.1

Local Seed and Stake Collection Methods

Graminoid species are commonly collected by stripping and/or shaking seeds from wild plants. Seeds from
forbs, shrubs, and trees can be acquired by picking the respective pods, catkins, or cones and capturing
the seeds released shortly thereafter. Timing for these collection efforts can range from early summer to
fall depending on species and year, and even vary across different regions of the same site. In some cases,
such as several woody species, seeds may also be released on a longer cycle than every year. The timing
of collections is likely to have a significant impact on the germination rates of the collected seed and should
be a consideration. For all plants, it is standard practice to collect no more than 50% of the seed crop from
a specific stand to limit potential impacts to the existing plant community. Additionally, multiple areas should
be targeted to increase genetic diversity of the seed stock (Matheus and Omtzigt, 2013).
Another method for establishing the capacity for local seed collection, is the development of a native stand
for ongoing seed harvest. This approach was attempted at the Ekati mine-site, but only limited growth to
seedlings was observed and no substantial seed harvesting is known to have occurred on a sustained basis
(DDEC, 2013).
Alternatively, for certain woody species native to the NWT, the method of collecting cuttings or rootstock
from local plants can also be implemented. These materials can be used both for direct application at site
by staking, or propagation of seedlings at an off-site nursery. Staking is a method that can be used for
species (e.g., willow) with the ability to develop adventitious roots when planted in the ground (Matheus
and Omtzigt, 2013). This is primarily used for sites with mesic/wet soil, as it requires saturated soils for
most of the summer and has been used in riparian areas with success at Ekati (DDEC, 2013). Cutting and
planting stakes is typically more effective and less expensive than planting nursery stock to revegetate an
area. The Yukon Revegetation Manual (Matheus and Omtzigt, 2013) maintains that staking will only work
for willow and poplar. For other woody species, collection of seeds, root stock, or cuttings to be propagated
to seedlings is a viable option. Typically, nurseries that provide growing services prefer propagating
seedlings from either seeds or cuttings for an individual species.
A summary of all target species which have been identified at the Mine, and the recommended seed and
cutting collection method, timing for harvest, and expected storage lifespan is presented in Table 8. Of the
recommended candidate species, those found at Gahcho Kué include five shrub species: blueberry
(Vaccinium uliginosum), dwarf birch (Betula glandulosa/nana], crowberry (Empetrum nigrum), lingonberry
(Vaccinium vitis-idaea), and alpine bearberry (Arctostaphylos rubra). Shrub species are not available
commercially as seed and will require local collection of either seed or cuttings to propagate seedling plugs
from and/or stake. Shrub species are commonly used in revegetation as seedling plug or stakes, rather
than direct application of seeds. Target quantities of seed or cuttings for each of these species in order to
produce the required number of seedlings or stakes, may range from hundreds to thousands for the test
plots, to thousands or hundreds of thousands for side-wide final reclamation (assuming planting rates of 1
seedling/m2 as recommended by Alberta Environment, 2003). Target seed quantities will be assessed
through discussions with an off-site nursery to consider likely seed viability, storage longevity, germination
rates, and survivorship of propagated seedling plugs when planted at site. During the initial stages of
collection, a conservative target would be to assume germination rates of 10% and collect ten times the
amount of seeds relative to the desired number of seedling plugs. Consideration should also be paid to the
maximum collection guidelines (ANPC, 2006), which recommend the following:
• Collect no more than 50% of seed from a specific stand, to allow for natural propagation, and provide
food for insects, birds and small mammals; and,
• Collect no more than 10% of plants in a stand of 1,000 plants/clumps or more, and no more than 2%
of plants in a stand of less than 1,000 plants/clumps.
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Increases in seed stock are often also done by the off-site cultivation of seeds under optimal conditions to
maximize seed production, viability and quality. Nursery production of seed also benefits from growing
monocultures, and annual yields may be approximately four times greater per area (Native Plant Society
of Saskatchewan, 2000). Costs associated with off-site cultivation may vary significantly between nurseries,
desired species and the consequent success rates. This option should be evaluated when a more detailed
comparison can be made with established site collection capacity
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Table 8. Summary of recommended methods for the collection of storage of seeds and stem/root cuttings of recommended candidate species found at
Gahcho Kué.

Scientific Name

Arctostaphylos rubra

Betula
glandulosa/nana

Empetrum nigrum

Common
Name

Alpine
bearberry

Dwarf birch

Crowberry

Vaccinium uliginosum

Blueberry

Vaccinium vitis-idaea

Lingonberry

Propagule Collection Method

Collection Timeline

Storage Longevity

Fruit can be picked from shrubs or from the ground.
When many fruits are ripe, fruit can be collected quickly.

Late fall

NA

May be propagated from softwood cuttings or pre-rooted
stem cuttings. Bare root plantings are rarely effective.
Select healthy shoot of current season's growth. Cut
just above node with clean pruners. Trim to 10-15 cm.

Late summer (softwood cutting)
Dormant season (stem cutting)

NA

Seed collected by picking the catkins while they are still
green enough to hold together.

End of August to October.

Up to 6 years

Stem, branch, root or rhizome cuttings may be used for
propagation.

Summer (softwood)
Winter (hardwood)

NA

Seeds collected from fruits when they ripen.

Seeds can be collected from
fruits in the fall, or in the spring
following snowmelt.

NA

Cuttings of half-ripe wood, at least 3 cm with a heel.
Cuttings of mature wood with the current years’ growth.
Plants do not regenerate from root cuttings or prostrate
leafless stems.

Mid to late summer (half-ripe
wood)
Fall (mature wood)

NA

Seeds collected by hand when fruit is ripe.

July and August

Up to 12 years

Root or rhizome cuttings are more successful than stem
cuttings. Cut rhizomes of 10 cm lengths.

Early spring to early summer, or
late summer and autumn.

NA

Seeds collected by hand when fruit is ripe.

Later August to Early September

Up to 5 years

Can be collected as stem cuttings.

Any time

NA

NA: Not available. The above methods are summarized from the following sources:
University of Alberta, Oil Sands Research and Information Network, Revegetation Species Profiles:
http://www.osrin.ualberta.ca/Resources/RevegSpeciesProfiles.aspx. Accessed on August 14, 2018.
United States Department of Agriculture, Natural Resources Conservation Service, Plants Database: http://plants.usda.gov/java/ Access on August 14, 2018.
Native Plants Network, accessed at http://www.nativeplantnetwork.org/, on August 14, 2018.
University of Washington, accessed at https://courses.washington.edu/esrm412/protocols/ARAL2.pdf, on August 14, 2018.
Vaclav, E., 1973. Vegetative Propagation of Birch. New Zealand Journal of Forestry Science, 4 (2): 237-41.
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5.2

Seedling Plugs

Grasses usually are the primary driver in revegetation efforts due to their ability to establish ground cover
and stabilize surface materials quickly at a relatively low cost. As they are typically applied at a relatively
high density, the development of seedling plugs for planting grass species is rarely attempted. For
revegetation works where accelerating the ecological restoration of a disturbed area or improving the
aesthetic qualities are also objectives, planting other native vascular plant species could also be undertaken
in addition to the base grass mixes. Unlike graminoid species, many shrub species will perform poorly
when applied by direct seeding (DDEC, 2013). To improve performance, shrubs can be planted as seedling
plugs at the appropriate areas. These seedling plugs are propagated from wild seeds or cuttings either at
the mine, or an off-site nursery. The use of an off-site nursery for propagating seedling plugs may be
beneficial as the conditions can provide an accelerated growth timeline and higher survival rate as
compared to establishing native stands for harvest at the mine site.
For nurseries offering services to advance collected wild seed or cuttings to seedling plugs or even
cultivated seeds, a significant timeline is often required, and advanced planning will be key to the execution
of the revegetation effort. Approximate lead times for seedling propagation ranges from 12 to 26 weeks for
the available candidate graminoid species but can reach up to just over one year for some of the slower
growing shrub species. Although not all nurseries are likely to have considerable experience with all
candidate species for the Mine, established protocols for propagation of seeds and/or cuttings are publicly
available through a variety of sources (e.g., applicable Canadian and U.S. federal departments, as well as,
academic and research institutions) as guidance for commercial growers. The cost of propagating seedlings
of candidate shrub species from locally collected seed typically ranges from $0.90 to $5.00 per seedling for
an order of at least 500 seedlings per species, not including associated shipping costs.
These projections for time are heavily dependent on the species, quantity required, germination rates from
collected seed and several other factors specific to each nursery. When selecting a nursery for northern
revegetation efforts, arguments are often made to use facilities as close to the site as possible to allow for
similar conditions where applicable, but also to consider a nursery with demonstrated success in this
specific field of work. This experience may be valuable due to the uncertainties relating to the survivorship
of seedlings when planted at the site being reclaimed, as well as, determining effective hardening off
methods for the transition from optimal conditions in a greenhouse to more extreme conditions at the
disturbed site, which can be specific across species and site conditions (Matheus and Omtzigt, 2013).
Another common alternative to direct seeding, involves transplanting live plants. Transplanting for
revegetation purposes, seeks to re-locate an entire section of soil and the selected plants. This method
may be used to supplement natural recovery when reclaiming large areas where interior portions may not
receive significant adequate seeds of woody species through natural dispersal processes.

5.3

Seed Storage and Processing

Seeds collected locally may not be required for planting for several months to years, and therefore will
require proper storage until this time. To remain viable, seeds are generally stored in cool, dry and dark
conditions. General recommendations suggest temperatures ranging from -5°C to room temperature and
the combined temperature (°F )/percent relative humidity to be no more than 100 (Matheus and Omtzigt,
2013). Understandably, ideal conditions will vary with specific species and storage time. A summary of
recommended storage durations for seed of the candidate species available for collection is presented in
Table 8.
Storage facilities can range from standard chest freezers and seeds contained within plastic bags or
cardboard boxes, to more elaborate climate-controlled rooms at commercial facilities. The degree of
monitoring and maintenance recommended during storage will reflect the stability of physical conditions
within the storage area. If a standard chest freezer and plastic bag approach is used, regular inspection
should occur to prevent significant buildup of condensate and/or ice crystals, as well as, any consequent
seed rot. The cost of storage services at a commercial nursery varies based on quantities, available space
and storage time. Based on initial discussion with nurseries, this expense is usually relatively low (on the
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order of dollars/kg/month) and simply included within cost estimates for propagating seedling plugs and
cultivated seeds.
At the Ekati mine-site, seeds were collected, cleaned, and stored in a deep freeze. Germination testing
completed on seeds after 4 to 8 years in storage indicated that viability ranged from an excess of 90%
(Oxytropis spp.) to 55% (dwarf birch). Due to the differences in seed structures across species and plant
types, determining storage conditions for each species to retain seed viability remains a research focus for
the Ekati revegetation work (DDEC, 2013).
Additional processing steps prior to storage are often recommended to improve the ultimate success of the
native seeds. This includes cleaning and removal of chaff, hair, awns, and other appendages to both
improve seed conditions for storage, as well as, improve the handling of large amounts of seeds during
planning (Matheus and Omtzigt, 2013). Additional processing may also occur prior to planting the seeds,
such as scarification. Scarification can increase the germination rates for seeds of certain species by
increasing the seed coat permeability, which encourages the seed to overcome dormancy and germinate.
A focused study on the effects of scarification on germination rates with legume and forb seeds was
completed at Ekati in 1996, the results showed up to an order of magnitude increase in the number of seeds
that germinated (Kidd, J. G. and L. J. Rossow, 1997).
For cuttings, it is advised to plant them right away. If it is too late in the season, the cuttings can be stored
overwinter and planted in the spring. They should be stored cold so they remain dormant and to avoid rot
and desiccation. The best method is to wrap them in burlap or plastic bags and store in a refrigerator set to
around 0ºC (Matheus and Omtzigt, 2013). Cuttings may also be temporarily “staked” in snow on the shady
side of a building, proximal side down, or put them in a bucket filled with snow and store them in an unheated
outbuilding.

6.0

REVEGETATION TEST PLOT METHODOLOGY

Test plots are proposed to be established at the Mine site to support revegetation research field trials for
the dry, upland areas to be reclaimed at closure. The test plots will support research focusing on the
evaluation of overburden placement and fertilizer and/or compost application for growth of select target
plant species. The outcome of this study will inform the revegetation methodology to apply at closure.

6.1

Study Site

Upland revegetation test plots will be established on the road between the Emulsion Plant and the discharge
point from Lake A1 to Area 8 (Figure 3). The roadway is approximately 1,300 m in length and 13 m wide
and consists of a raised bed of granular material. The road runs east-west from the Emulsion Plant to the
shore of Lake J1b, where a pipeline discharges water.
The characteristics of the study site would classify the area as a dry, flat site within the upland Scrub Birch
– Labrador Tea Tundra and wetland Scrub Birch – Cloudberry Low Shrub Bog ELCs (De Beers, 2010). The
dry, low nutrient conditions of the roadway provide an opportunity to assess the recovery of native upland
vegetation at the dry disturbed areas of the Mine that consist primarily of granular material (i.e. gravel). The
plants chosen to be applied will be drought tolerant, upland species selected from those recommended in
Section 4.0. A summary of the selected target species from this report are presented in Table 6.
Prior to construction, the existing condition of the study site will be evaluated on whether it is representative
of most dry disturbed Mine areas. For any concerns that may arise, an assessment will be made on whether
on site equipment can used for corrective actions. This may include decisions on whether corrections can
be accomplished by simply scarifying the surface to be more representative, or if there is a need to bring in
additional soil, crush, etc.
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Figure 3. Satellite image of the Gahcho Kué Mine, with proposed study site location (Lake J1b road). Photograph
taken September 2017.

6.2

Test Plot Experimental Design

The study will assess the influence of overburden as a topdressing on a gravel substrate, the application
of fertilizer and/or compost as an amendment, and plant selection on plant growth, and plant health. Table
9 summarizes the experimental design and described in the following sections.
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Table 9. Test plot experimental design.
Plot

Surface
Preparation

Topdressing

Amendment

None

Overburden

Fertilizer

Compost
A, B, C

Scarification
Fertilizer

No Topdressing

None

Compost

Plant Selections

Planting
Season

Grasses

Spring ‘19

Shrubs – root plugs

Spring ‘21

Shrubs - stakes

Fall ‘19

Natural

n/a

Grasses

Spring ‘19

Shrubs – root plugs

Spring ‘21

Shrubs - stakes

Fall ‘19

Natural

n/a

Grasses

Spring ‘19

Shrubs – root plugs

Spring ‘21

Shrubs - stakes

Fall ‘19

Natural

n/a

Grasses

Spring ‘19

Shrubs – root plugs

Spring ‘21

Shrubs - stakes

Fall ‘19

Natural

n/a

Grasses

Spring ‘19

Shrubs – root plugs

Spring ‘21

Shrubs - stakes

Fall ‘19

Natural

n/a

Grasses

Spring ‘19

Shrubs – root plugs

Spring ‘21

Shrubs - stakes

Fall ‘19

Natural

n/a

n/a – not applicable

Test Plot Construction and Layout
The study site will be located along the east end of the road between the Emulsion Plant and Lake J1b.
The test plots will use up to 650 m of roadway for the study. Here the road is proposed to be reduced to a
single 7 m wide lane along the north side. The remaining 6 m wide section of roadway along the southern
side will be used as the study area. The study site will terminate a minimum of 30 m from the shore of Lake
J1b to facilitate vehicle turn around and access. The test plots aim to assess the following primary variables,
as follows (see Table 9);
•

No topdressing application;

•

Overburden topdressing application;

•

No amendment;

•

Fertilizer amendment;

•

Compost amendment; and,

•

Plant growth from seeds, shrubs and natural recovery.
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Table 9 provides a summary of the test conditions, which are further described below. Figure 4 depicts the
layout of the test plots within the site area.
The study site has been divided into three replication plots of equal area to support statistical analysis, for
an area of 6 m x 217 m in plots A, B, and C each. Each replication is divided in half and each half randomly
assigned a topdressing treatment, as follows:
•

Overburden - A 10 cm thick layer of overburden material will be applied, which is the minimum
thickness available equipment is considered capable of spreading, for a plot area of 6 m x 108.3
m:

•

No topdressing - No soil amendment applied on gravel road surface, for a plot area of 6 m x 108.3
m.

All sections will be scarified prior to application of overburden. Approximately 195 m3 of overburden from
the overburden stockpile will require hauling to the designated areas and spread evenly.
Each topdressing plot is divided into three sub-sections of equal size and each sub-section subjected to
one of the following treatments:
•

Fertilizer application;

•

Compost application; and,

•

No amendment application.

The order of the sub-sections in each plot is randomized. The compost application rate or layer thickness
and method (e.g. mixing with underlying substrate) is to be determined following an evaluation of available
compost material, as described in Section 6.2.
A minimum 3 m buffer zone will be left between sub-sections. A small berm will also be constructed by
hand between sub-sections to provide further separation and prevent cross-contamination from runoff and
wind.
Each sub-section with be further subdivided into four, 6 m x 7.6 m sub-plots to assess the following:
•

Seeding of grasses;

•

Planting of shrubs as root plugs;

•

Planting of shrubs as stakes; and,

•

Natural recovery of plant species.

Figure 5 illustrates the dimensions and seeding/planting pattern within a representative test plot. The order
of the sub-plots and planting pattern will be randomized at the time of implementation. A minimum 1 m
buffer will be left between sub-plots.
The area for each sub-plot will be measured from a starting reference point, staked, and the boundaries
clearly marked. The GPS coordinates of the corner of each sub-plot will be recorded for reference in case
the physical boundaries are disturbed during the course of the study.
The size and design of the proposed test plots may be further refined based on ongoing discussions with
De Beers, outcomes from the pre-construction evaluation of compost properties/quantities and site
conditions, and/or post-construction surveys (see Section 6.3).
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Figure 4. Test plot layout within the study site.

Figure 5. Dimensions of a representative test plot section.
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Treatment Conditions
6.2.2.1

Scarification

The research programs at the Diavik, Ekati and Snap Lake mines each demonstrated that surface
roughening improved plant performance by creating microsites that shelter seeds/seedlings from the wind,
hold water, and limit erosion (ARKTIS, 2018). The surface of the Gahcho Kué study site will be roughened
prior to the addition of topdressing material and/or seeding/planting. Scarification will be completed using
toothed rippers (subsoilers) affixed to a bulldozer or excavator. Surface materials will be loosened to a
depth of 30 cm in order to improve substrate conditions and encourage accelerated recovery and
reestablishment of vegetation.
6.2.2.2

Overburden

The results of revegetation research programs conducted at the Ekati, Diavik and Snap Lake mines each
demonstrate the positive impact the addition of overburden or other various topdressings can have on
revegetation success compared to no soil amendment (ARKTIS, 2018). The use of overburden has the
potential to improve vegetative growth by improving soil structure, including increasing water retention,
aeration, nutrient availability and root penetration.
Currently, the only readily available material for use in revegetation field trials at the Mine is a mixture of
salvaged lakebed till and overburden (hereafter referred to as simply overburden). The physical and
chemical characteristics of the overburden are currently unknown and will need to be evaluated during
construction. The results of the analysis will be used to inform the acceptable grain size for use in the test
plots, and/or the need to amend the overburden prior to its use in the test plots. There is currently
uncertainty regarding the volume of overburden that may be available for revegetation at closure; therefore,
the influence of overburden or no overburden use on plant growth is a study variable. The study design
may identify which plants perform best under these conditions should there be areas where overburden
cannot be applied or applied in limited quantities only.
6.2.2.3

Fertilizer

Fertilizer is a soil amendment that has been used as part of the Diavik, Ekati and Snap Lake research
programs (ARKTIS, 2018). At the Gahcho Kué study site, one of every three test plots will be subjected to
a fertilizer treatment at the time of seeding or planting of root plugs and/or stakes. Analytical results from
baseline soil sampling of the overburden stockpile material and background substrate material at the study
site will dictate what fertilizer ratios and application rates are required. Fertilizer type and application rate
will be assessed using the method outlined in Matheus and Omtzigt (2013). The test plot studies will assess
whether fertilizer should be applied over multiple years, or not at all, for each soil substrate and plant species
tested.
In the event a decrease in vegetative cover is measured between monitoring years, reapplication of fertilizer
to the test plots will be evaluated.
6.2.2.4

Compost

Non-hazardous food-contaminated waste is to be treated on site in a composter. Composting will be used
to transform biodegradable materials into a soil-like material that can either be safely landfilled without
attracting wildlife, or stored for potential use as a soil amendment in reclamation should it meet CCME
guidelines (De Beers, 2017b).
Prior to construction, several uncertainties regarding the compost will need to be evaluated to assess its
suitability for inclusion as a testing variable before it should be applied at the test plots. These include:
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•

Physical and chemical characteristics;

•

Anticipated volume generated per year;

•

Available volume meeting CCME guidelines at closure;

•

Storage and potential for degradation of compost quality over time;

•

Potential for biological contaminants;

•

Suitable application methods (e.g., place as topdressing layer, scatter as an amendment, mix with
underlying soil, etc.); and,

•

Suitable application rates (e.g., application density, layer thickness, volumes required, etc.).

Outcomes from the evaluation may impact the size and design of the test plots, as described in Section
6.2.1. Should compost be included, due to the uncertainty regarding the volume of compost that may be
available for revegetation at closure, the influence of compost or no compost use in plant growth is a study
variable to be evaluated similar to overburden. The study design may identify which plants perform best
under these conditions should there be areas where compost cannot be applied or applied in limited
quantities only.

Planting Regimen
For all treatment conditions, a grass seed mix will be applied evenly across the surface of the designated
subplots at a target density of 1,500 PLS/m2 (pure live seed/m2) (Matheus and Omtzigt, 2013). This will
allow the impact the various treatments have on each plant species to be assessed and may inform the
design of future seed mixes tailored to site conditions.
Shrubs will be planted as root plugs and/or stakes in rows of approximately 0.67 m wide (depending on the
number of species) and 7.6 m long in the designated subplots (see Figure 5). If the plants are available,
the goal will be to plant a total of 540 root plugs and/or stakes for each shrub species (30 root plugs or
stakes/species/subplot). As discussed in Section 5.1.2.1, only 5 of the 9 recommended candidate shrub
species have been observed at the Mine to date. Thus, it is likely collection programs in support of the test
plots may only achieve the target quantities for those 5 species only. A summary of grass and shrub
quantities required for the test plots is provided in Table 10.
The fourth subplot of each treatment condition will be left empty to act as a control. The natural plot will
represent the degree of revegetation that naturally recovers.
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Table 10. Estimated quantity of seeds and seedlings required for upland revegetation test plots.
Common Name

Scientific Name

Unit

Application Rate

Total Quantity

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

root plug

30 per sub-plot

540

stake

30 per sub-plot

540

Shrubs
Green alder

Alnus viridis

Alpine bearberry

Arctostaphylos rubra

Bearberry

Arctostaphylos uva-ursi

Dwarf Birch

Betula glandulosa/nana

Crowberry

Empetrum nigrum

Dwarf Labrador tea

Ledum Decumbens

Beaked willow

Salix bebbiana

Blueberry

Vaccinium uliginosum

Lingonberry

Vaccinium vitis-idaea

Grasses
Tickle grass

Agrostis scabra

kg seed

0.7 per ha

0.056

Rocky Mountain fescue

Festuca saximontana

kg seed

5.2 per ha

0.429

Alpine bluegrass

Poa alpina

kg seed

3.2 per ha

0.260

Spiked trisetum

Trisetum spicatum

kg seed

1.4 per ha

0.111

Grass Seed Mix Total kg seed
10.5 per ha
0.857
Notes:
Grass species include only those with commercial availability as identified in Table 7.
Total kg of grass seed required based on a total plot area of 818 m2. Assumes 50% pure live seed (PLS) and total
application rates of 1,500 PLS/m2 with all grass species making up equal proportions of the seed mix. Based on seed
densities from the Yukon Revegetation Manual (Matheus and Omtzigt, 2013).

6.3

Construction Monitoring

Construction monitoring of the revegetation test plots will be completed to ensure compliance with the
construction design.
During scarification, the area scarified will be measured, the equipment type(s) used will be noted, and the
depth of penetration achieved will be measured to ensure the target depth of approximately 30 cm is met.
Photographs will be collected of the completed work.
During the material handling process of overburden for hauling and spreading at the test plots, monitoring
will oversee and note the removal of boulders greater than 600 mm that would restrict the ability to spread
the overburden. The thickness of the overburden layer spread at the test plots will be measured, with an
aim to achieve a target depth of 10 cm, with an acceptable tolerance of +/- 5 cm. The grain size
specifications of the placed overburden will be noted. Similar to scarification, photographs will be taken of
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the completed work. Similar efforts will be applied during the material handling and placement of compost,
with the construction specifications to be evaluated prior to implementation.
Baseline physical and chemical analysis will also be completed on the overburden stockpile as well as the
background substrate material to inform fertilizer application. Soil analysis will be conducted by taking the
sum of four sub-samples from 0 to 15 cm depth from the overburden stockpile and the roadway at the study
site. The analysis will focus on pH, electrical conductivity, cation exchange capacity, total carbon, total
nitrogen, available nitrogen, phosphorous, potassium, sulphur, and metals analysis. Similar chemical as
well as physical (e.g., grain size, texture, etc.) analysis will be conducted for the compost stockpile to assess
its suitability for inclusion as a testing variable as well as application methodologies.
Following completion of construction, a survey will be conducted of the test plots.
At the fertilizer and grass seed application stages, monitoring will verify the quantity of fertilizer and seed
placed at each test plot.

6.4

Test Plot Monitoring Program

The monitoring program will focus on evaluating indicators of plant growth as well as soil properties. To
ensure adequate sample representation, multiple measurements will be taken for each sub-plot. For grass
and natural sub-plots, a minimum of four locations will be sampled along their total length using a 50 cm x
50 cm quadrat. The choice of which point along the subplot’s length to sample will be random and based
on random number generation. The placement of the quadrat will be restricted to the center point of the
chosen section. This strategy helps avoid potential neighbouring effects and ensures that the same
individual plants can be examined year after year if desired. For the shrub sub-plots, each planting row will
be visually surveyed along their entire length to provide a count of all surviving root plugs or stakes.
Qualitative and quantitative approaches will be applied to evaluate plant growth and health. Plant growth
will be evaluated by measuring:
•
•
•
•

percent vegetative cover by species and total (grass and natural subplots only);
plant height by species;
stem count (grass and natural subplots only); and,
surviving root plug/stake count (shrub subplots only).

These measurements aim to assess total plant growth, as well as, changes to the plant population dynamics
over time. Plant health will be measured qualitatively using seed production and the presence of chlorosis
as indicators of plant health. A relative rating scale of none, few and plentiful will be used to rate seed
production, whereas none, low, moderate, and high will be used to record the observed degree of chlorosis.
These measurements will be recorded on a by species basis. These measurements aim to assess plant
health issues that are species specific or a result of the treatment. A monitoring template is provided in
Table 12.
Soil analysis will be conducted by taking the sum of four sub-samples from 0 to 15 cm depth. Sample
location will be determined according to the method described above. The analysis will focus on pH,
electrical conductivity, cation exchange capacity, total carbon, total nitrogen, available nitrogen,
phosphorous, potassium, sulphur, and metals analysis. The results from the soil analysis aim to evaluate
the impact of fertilizer application, as well as, plant growth and decomposition on soil chemistry over time.
Table 11 summarizes the parameters that will be monitored. Monitoring will occur in years 1 to 3 following
seeding/planting to record three years growth. Measurements will be made annually between late July and
the middle of August. This will allow for the observation of the most plant species at the peak time of growth.
Following this phase, monitoring may be reduced to 2 to 3 year intervals; however, this will be dependent
on the results from the first three years of monitoring. Soil analysis will be limited to every 3 years for the
duration of the test plots.
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Data Analysis
Data will be assessed for normality with the Shapiro Wilks Test and for homogeneity of variance with the
Levene’s Test prior to statistical analyses. Outliers identified will be removed. Parametric and nonparametric methods will be compared. Two-way analysis of variance (ANOVA) will be employed to test for
differences in soil and plant parameters among reclamation treatments, plant species and planting
methods. The statistical analyses will assess whether there are statistically significant differences between
treatments.
Table 11. Experimental parameters and assessment methods.
Parameter

Plant Growth

Indicator

Assessment Tool

% Vegetative cover by species and total (grasses and natural)

Quantitative measurement

Plant height by species

Quantitative measurement

Stem counts (grasses and natural)

Quantitative measurement

Total and % survival (shrubs)

Quantitative measurement

Seed production

Qualitative measurement of
none, few, or plentiful

Presence of chlorosis

Qualitative measurement of
none, low, medium, high

pH, electrical conductivity, cation exchange capacity, total
carbon, total and available nitrogen, phosphorous, potassium,
sulphur, metals analysis

Quantitative measurement

Plant Health

Soil Chemistry

6.5

Adaptive Management

In the event of poor vegetative recovery, vegetation stress, poor vigour, or plant die-back, adaptive
management measures may be implemented. These include additional investigation of monitoring data,
including potential additional monitoring surveys, as well as, re-application of vegetative materials and/or
additional surface preparation activities (i.e. additional scarification/decompaction, spreading of
overburden/compost, reapplication of fertilizer, erosion control measures, etc.).
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Table 12. Revegetation test plot annual monitoring template.
Meter (m)
(from west
to east)

Plant Growth
Species
(include target
species and naturally
occurring vegetation)

PLOT: A B C
GRASS SUB-PLOT

% Vegetation Cover
By Species Total

TOPDRESSING:

Overburden

Plant Height
(cm)

None

Compost

Stem Counts
(of target and natural
species)

AMENDMENT:

Plant Health
Seed Production
(None/Few/
Plentiful)

Fertilizer

None

Presence of
Chlorosis
(None/Low/
Moderate/High)

Photo
#

(circle one of each)

e.g. 3 m

SHRUB SUB-PLOT
total length

list target shrubs only

not
applicable

not
applicable

count of surviving
shrub root
plugs/stakes only

NATURAL SUB-PLOT
e.g. 3 m
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7.0
7.1

OPPORTUNISTIC VEGETATION MONITORING PROGRAM
Monitoring Rationale

Monitoring is an essential component of reclamation programs (Elzinga et al., 1998) to evaluate
revegetation success over time. Additionally, this information can be used to improve reclamation
techniques. The focus of the opportunistic monitoring component of the upland revegetation research
implementation plan is to evaluate the natural recovery of vegetation onto disturbed dry upland mine areas
over time.
The results of the opportunistic monitoring program, together with those of the test plots monitoring
program, will be used to inform natural recovery plant coverage and rates for upland areas at the Mine.

7.2

Monitoring Locations

Fifteen monitoring plots will be established at dry disturbed sites to assess the rate and effectiveness of
natural recovery as a revegetation method (i.e. natural revegetation relying on recruitment and colonization
by endemic species). Opportunistic plots are summarized in Table 13, grouped according to the general
surface features of the disturbed area. Plot locations are shown in Figure 6. Plot locations are
representative of the typical surface features of dry disturbed areas across site, and include the tops of
pads and dykes, the side slopes of pads and roads, areas of rough and loose disturbance, and the bench
surfaces of each waste rock, overburden and PK pile.
Monitoring plots will be established on the South and West Mine Rock Piles, Overburden Stockpile and
Coarse PK Pile in future years during the operations phase of the Mine once construction has advanced to
a certain level, specifically once bench levels reach 3 or higher. A plot will be established within the Fine
PK Facility once a dry beach is formed and PK deposition is completed.
Table 13. Number of opportunistic sample pots grouped by location.
Surface Type
Top of
pads/dykes

Side of
pads/roads

Rough and
loose areas

Waste Rock
Piles

Location

Opportunistic Monitoring Plots
Plot ID

Description

Explosive Magazine

OMP3

Surface of pad adjacent to south-eastern edge.

Dyke G

OMP9

Surface of dyke on western side.

Dyke F

OMP10

Surface of dyke on northern side.

Road to Lake N11 Diffuser

OMP1

Sloped edge of road on west side.

AN Pad

OMP2

Sloped edge of AN Pad on east side.

Waste Management Area

OMP5

Sloped edge of waste management area on east
side.

Fresh Water Intake Area

OMP7

Sloped edge of fresh water intake control building
pad on north side.

Road to Reclaim Jetty

OMP4

Road build-out east of jetty.

Camp Accommodations Area

OMP6

Road build-out south of accommodations complex.

Airstrip

OMP8

Built-out area along north side of airstrip.

West Mine Rock Pile

OMP11

Surface of second bench on east side.

South Mine Rock Pile

OMP12

Surface of second bench on west side.
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Figure 6. Opportunistic monitoring plot locations.
Note – Plot locations for OMP11 and OMP12 are speculative based on planned construction designs for waste
rock piles and subject to change once construction is sufficiently advanced. Photograph taken September
2017.

7.3

Monitoring Methods

Vegetation data will be collected from the opportunistic monitoring locations using standardized 10 m by 10
m plots where possible. This is considered an adequate size to capture trees, shrubs, low growing ground
cover, boulders, and other terrain features. For locations smaller than this size (e.g., Fresh Water Intake
area), the plot boundaries will be the extent of the disturbed area. The location of each plot will be marked
on a map and the Universal Transverse Mercator (UTM) coordinates recorded using a hand-held GPS
device. All corners of the plots will be marked with a stake. Plots will be assessed in two ways:
1. Annual visual surveys; and,
2. Detailed vegetation and soil sampling assessments every three years.
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Annual Visual Survey
Opportunistic monitoring plots will be photographed from the southwest corner looking northeast (or where
layout allows) once a year between late July and mid-August. A visual inspection of the plot will assess
vegetation re-establishment and change in vegetation community.

Vegetation and Soil Sampling Assessment
Every three years between late July and mid-August, each monitoring plot will be divided into four subplots.
A 1 m by 1 m quadrat will be placed at the center of each subplot and vegetation data recorded within the
square. The plot will also be photographed from the southwest corner looking northeast. Collected data will
provide a more detailed understanding of natural revegetation performance across site.
Soil analysis will be also conducted by taking the sum of four sub-samples from 0 to 15 cm depth. Sample
location will be determined according to the method described above. The results from the soil analysis aim
to evaluate the impact of plant growth and decomposition on soil chemistry over time.

7.4

Monitoring Frequency

The visual survey component of the opportunistic monitoring program will be conducted in 2019 once plots
have been established, and then annually until closure (Table 14). The vegetation and soil sampling
assessment will be conducted once 3 years after establishment of the plots (in 2022), and then every 3
years thereafter until closure (Table 14). Monitoring will occur during the summer between late-July and
mid-August to allow for the observation of the most plant species at the peak time of growth.
Once construction of the South and West Mine Rock Piles is sufficiently advanced, the opportunistic
monitoring program will also be conducted at these locations according to the frequency described above.
Table 14. Opportunistic vegetation monitoring schedule.
Opportunistic Monitoring
Visual Survey
Vegetation and Soil Sampling
Assessment

7.5

Year
2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

x

x

x

x

x

x

x

x

x

x

x

x

x

Monitoring Parameters

Within the monitoring plots, the following information will be collected during the annual visual surveys:
• Documented and standardized photograph;
• Overall percent plant cover by vegetation layer (i.e. low shrub, graminoid, forb, bryophyte, and
lichen), broken down into the following ranges:
o 0%
o <1%
o 1 – 5%
o 6 – 10%
o 11 – 25%
o 26 – 50%
o 51 – 75%
o 76 – 100%
Where possible, species composition will be recorded as well. A monitoring template is provided in Table
15.
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The following information will be collected during the vegetation sampling assessments:
• Plant species composition and percent cover by species and vegetation layer (i.e. low shrub,
graminoid, forb, bryophyte, and lichen);
• Presence of weed species (i.e. non-endemic); and,
• Wildlife sign (e.g. tracks, fecal pellets or droppings, burrows and nests) or species observation.
The percent plant cover for each plot will be evaluated by estimating the percent cover by species and
vegetation layer within the quadrat at each location it is placed. The average of the four quadrat
measurements will provide the mean cover for the monitoring plot. Additional site and landform data to be
collected will include:
•
•
•
•
•

Landscape features, aspect, and slope angle or profile;
Soil texture;
Moisture and nutrient regime;
Signs of erosion and slope or surface stability; and,
Type of disturbance.

Soil analysis of collected samples will focus on pH, electrical conductivity, cation exchange capacity, total
carbon, total nitrogen, available nitrogen, phosphorous, potassium, sulphur, and metals analysis.
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Table 15. Opportunistic monitoring plot annual visual survey template.
Opportunistic
Monitoring
Plot

OMP1

OMP2

cont.

Vegetation
Layer

Percent Vegetation Cover (%) (circle one)

Low Shrub

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Graminoid

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Forb

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Bryophyte

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Lichen

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Total

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Low Shrub

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Graminoid

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Forb

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Bryophyte

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Lichen

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

Total

0

<1

1-5

6-10

11-25

26-50

51-75

76-100

-

-

-

-

-

-

-

-

Species Composition
(list as many as can be
readily identified, in
decreasing order of
abundance)

Photo #
(taken from
SW corner)

-

-
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7.6

Monitoring Data Analysis

Analysis will include a comparison of individual parameters, such as species diversity and cover, between
plots to determine the most successful vegetation and soil types for colonizing dry disturbed areas. Key
questions that will be addressed include:
•
•
•
•
•

Is vegetation naturally re-establishing at dry disturbed sites?
Are some plant species more successful than others at colonizing disturbed sites?
Are some soil or disturbance types more successful than others for vegetation re-establishment?
Does plant species composition and cover differ significantly between soil/disturbance types?
Does plant species composition and cover change over time in vegetation communities that naturally
colonize disturbed sites?

It is likely that vegetation establishment between areas will vary. Those species and surface conditions
identified as having the most success for natural recovery of dry disturbed sites will be considered in the
development of methods to be applied in the final revegetation plan for the Mine.

8.0

ANNUAL REPORTING

The annual revegetation test plot and opportunistic monitoring visual survey data will be summarized in an
annual report and included within the Annual Closure and Reclamation Plan Progress Report which is
required by the Water Licence.
In years when the opportunistic monitoring detailed vegetation and soil sampling assessments are
completed, a more comprehensive analysis and discussion of all monitoring data will be completed.
The research will evaluate the natural and assisted recovery of vegetation onto disturbed dry upland mine
areas over time. The research will also be used to help assess the effectiveness and utility of the
revegetation test plot and opportunistic monitoring programs. Using the principles of adaptive management,
the assessment will be used to make recommendations regarding the frequency, duration of sampling, and
possible changes to components of the monitoring program.

9.0

CLOSING

This report has been prepared exclusively for the use of De Beers Canada Inc. for the specific application
described within this report. The details provided in this report are for general information purposes only.
The information and recommendations contained in this report should not be used for any other purpose,
at another location, or by any other parties. Any use of, or reliance on this report by any third party is at that
party’s sole risk. ARKTIS assumes no responsibly for inappropriate use of the contents of this report, and
disclaims all liability arising from negligence or otherwise. General terms and conditions are provided in
Appendix A.

ARKTIS SOLUTIONS INC.

Jamie Van Gulck, Ph.D., P.Eng.
Principal

Drew Stavinga, M.Sc., P.Geo.
Environmental Geoscientist
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Myles Ashall, M.Sc.
Environmental Specialist
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USE OF REPORT
This report pertains to a specific site, a specific development, and a specific scope of work. It is not
applicable to any other sites, nor should it be relied upon for types of development other than those to which
it refers. Any variation from the site or proposed development would necessitate a supplementary
investigation and assessment.
This report and the assessments and recommendations contained in it are intended for the sole use of
ARKTIS Solutions Inc.’s (ARKTIS) client. ARKTIS does not accept any responsibility for the accuracy of
any of the data, the analysis or the recommendations contained or referenced in the report when the report
is used or relied upon by any party other than ARKTIS’ client unless otherwise authorized in writing by
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the conclusions and recommendations set out in this report are time sensitive.
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also acknowledge that the conclusions and recommendations set out in this report are based on limited
observations and testing on the subject site and that conditions may vary across the site which, in turn,
could affect the conclusions and recommendations made.
The client acknowledges that ARKTIS is neither qualified to, nor is it making, any recommendations with
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sole responsibility of the client.
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or the reliability of such information which may affect the report.
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Services performed by ARKTIS for this report have been conducted in a manner consistent with the level
of skill ordinarily exercised by members of the profession currently practicing under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and financial and physical
constraints applicable to the services. Professional judgment has been applied in developing the
conclusions and/or recommendations provided in this report. No warranty or guarantee, express or implied,
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Where ARKTIS submits both electronic file and hard copy versions of reports, drawings and other project
related documents and deliverables (collectively termed instruments of professional service), the Client
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The hard copy versions submitted by ARKTIS shall be the original documents for record and working
purposes, and, in the event of a dispute or discrepancies, the hard copy versions shall govern over the
electronic versions. Furthermore, the Client agrees and waives all future right of dispute that the original
hard copy signed version archived by ARKTIS shall be deemed to be the overall original for the Project.
The Client agrees that both electronic file and hard copy versions of instruments of professional services
shall not, under any circumstances, no matter who owns or uses them, be altered by any party except
ARKTIS. The Client warrants that instruments of professional services will be used only and exactly as
submitted by ARKTIS.
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INTRODUCTION
ARKTIS Solutions Inc. (ARKTIS) has been contracted by De Beers Canada Inc. (De Beers) to complete
revegetation research for the Gahcho Kué Mine. Revegetation of disturbed surface materials at Mine
closure was identified as a topic of interest by stakeholders during the Environmental Impact Review (EA)
process (De Beers, 2010), and is a reclamation research item within the Interim Closure and Reclamation
Plan (ICRP) (De Beers, 2019). The overall objectives of the revegetation research program include the
following:


Item 1- Assessment of best management practices for revegetation at comparable Mine sites;



Item 2 - Evaluation of revegetation methods and their effectiveness for upland, riparian and aquatic
areas.



Item 3- Identify optimum use of overburden stockpile material for use in revegetation;



Item 4- Development of revegetation closure criteria; and,



Item 5- Development of a final revegetation plan at Mine closure.

Assessment of best management practices for revegetation (Item 1) was completed in 2018 and reported
in ARKTIS (ARKTIS, 2018). The focus of the report is to document the 2019 field program employed to
evaluate revegetation methods and their effectiveness for upload areas at the Mine (item 2). The evaluation
of revegetation methods for riparian and aquatic areas is outside the scope of this work. Research
associated with Item 3 to 5 are outside the scope of this report.
The layout of this report is as follows:


Section 1 presents the background and objectives of the 2019 revegetation research program;



Section 2 describes the revegetation test plots, including construction, surveys, and soil sampling;
and,



Section 3 summarizes the seed and stake collection and the 2019 field activities completed.

REVEGETATION TEST PLOTS
2.1

Background

An assessment of best management practices for revegetation at comparable mines to Gahcho Kué Mine
was completed in 2018 to fulfil completion of Task 1 of the revegetation research program (ARKTIS, 2018).
Outcomes from this research were used to inform Task 2 of the Revegetation Research Project –
establishment of the Revegetation Test Plots (ARKTIS, 2019). It also provided guidance to identify target
upland vegetation species for use in revegetation test plots and vegetative efforts at the Mine, and to assess
the seed and plant sources for the target vegetative species. Species were selected if they were considered
native species to the Northwest Territories, had a preference for dry upland habitats/ecosystems, and met
one of the other following criteria:


Species is recognized as important for local Traditional Knowledge applications; or,



Species has demonstrated success in revegetation research or progressive reclamation at Snap
Lake, Ekati, or Diavik mines.

The outcomes of this task are to inform the revegetation methodology to apply at closure. More specially,
the use of soil amendment and fertilizer to aid in revegetation of various plant species, as well as, an
evaluation of various plant species for use in revegetation efforts.
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2.2

Activities Completed in 2019

2.2.1

Test Plot Construction Program

From August 22 to August 27, 2019, ARKTIS with support from De Beers initiated construction of the upland
revegetation test plots along the J1B road (Figure 1). From September 19 to September 24, 2019, ARKTIS
completed fall planting of a small sampling of shrub plugs that were available from a nursery and shrub
stake planting of cuttings collected from the local area to all respective sub-plots (Figure 2).
Table 1 has summarized the scientific and common name of plant species utilized in the revegetation
program. For ease of readership the first time the plant species are used in this report the scientific name
and common name are provided, subsequent reference to plant species only utilize the common name.
The following specific activities were completed in 2019:
1. The test plot area was loosened (approximately 450 m x 7 m portion of J1B road) by ripping 3 strips
up to about 0.5 m deep along the test plot area. Ripping was completed by dragging a claw behind
a bulldozer to loosen the compacted ground (Photograph 1 and 2).
2. Sub-plot boundaries were marked out to be 5 m x 7 m in size, with planting rows marked at widths
of 0.65 m for shrub plugs and 0.75 m for shrub stakes. The GPS coordinates were recorded at
each sub-plot corner.
3. Application of overburden materials included hauling approximately 250 m3 of overburden from the
existing organics stockpile (composed predominantly of lake sediments) to the study site along J1B
road, where the material was spread across the scarified surface of select plots (three plots of
approximately 78 m by 7 m, surface area 1,638 m2) to an average thickness of 0.15 m.
4. Buffer zones were created between plots, 3 m wide with a center berm 0.3 m tall with 2H:1V side
slopes (where possible).
5. A microtopography survey of both topdressing amendments (overburden / no overburden) was
completed.
6. Shrub stakes were planted by hand within their respective planting rows in all designated shrub –
stake sub-plot areas at a rate of approximately 6 stakes per meter for a total of 30 stakes per row
(540 total per species), and included the following species (Figure 2):
o Alpine Bearberry (Arctostaphylos rubra)
o Arctic Dwarf Birch (Betula glandulosa/nana)
o Crowberry (Empetrum nigrum)
o Dwarf Labrador Tea (Ledum decumbens)
o Willow (Salix spp.)
o Bog Bilberry (Vaccinium uliginosum)
o Bog Cranberry (Vaccinium vitis-idaea)
7. Surplus shrub plugs from the Snap Lake Mine revegetation research program were planted by
hand in their respective planting rows in all designated shrub – plug sub-plot areas, and included
the following species:
o Arctic Dwarf Birch at a rate of approximately 6 plugs per meter for a total of 30 plugs per
row (540 total)
o Crowberry at a rate of approximately 3 plugs per meter for a total of 15 plugs per row (270
total)
o Bog Cranberry at a rate of approximately 5 to 6 plugs per meter for a total of 30 plugs per
row, except for plot C (no amendment) which were planted at 18 plugs per row (504 total)
8. A photograph of each revegetation sub-plot was taken from the NE corner to record baseline
conditions and provided in Appendix B.
Figure 1 depicts the location of the study area. Figure 2 illustrates the amendment pattern (i.e., fertilizer)
within sub-sections and seeding/planting pattern (e.g. grass, shrub plug/stake rows, natural) within subplots and Figure 3 illustrates the dimensions and overburden placement pattern within the test plots.
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2.2.1.1

Overburden Placement

Overburden was placed in select sub-plots to evaluate revegetation efforts with an amendment placed on
a loosened road surface. The overburden utilized in this instance was primarily lakebed sediments retrieved
from disturbed areas within water control area 3 (see Figure 1). All material greater than 600 mm in diameter
was removed, and rock and woody material did not protrude more than 50 mm above the surface following
placement.
Application of overburden materials included hauling approximately 250 m3 material to the revegetation
research plots along J1B road, where the material was selectively spread by using the bucket of a bobcat
and dragging and pushing the material across the indicated areas (three plots approximately 78 m by 7 m
in dimension, surface area 1,638 m2) at an average depth of 0.15 m. The overburden thickness was
measured with a ruler along 2 transects (approximately 10 m long every 0.5 m). A thickness of 10 to 40 cm
was achieved. Figure 3 illustrates the dimensions and overburden placement pattern within the test plots.
2.2.1.2

Buffer Zones

Buffer zones were created to limit interactions between the various test plots and sub-sections. Where
permissible using hand tools, small berms were constructed between sub-section. A summary of the buffer
zones are as follows:


Buffer zones were left between each main test plot and sub-section (i.e., overburden/no overburden
test plots, fertilizer/half-fertilizer/no fertilizer sub-sections), approximately every 23 m, for a total of
17 buffer zones. Each buffer zone was a minimum 3 m in width.



Buffer material was equivalent to the material present in adjacent plots.



Buffer zone berms (up to 0.3 m high) were formed using hand shovels where soil conditions
allowed.



Minor buffer zones were also left between sub-plot planting areas (i.e., grass, shrub plugs, shrub
stakes, natural), with a minimum 1 m width.

Figure 2 illustrates the buffer locations between test plots, sub-sections and sub-plots.

2.2.2

Microtopographic Surveys

A microtopography survey was conducted to measure the relative changes in top surface elevation at time
of the test plot construction. It is understood that the microtopography may change over time as a result
of, but not limited to, settlement and plant growth. Variant microtopography can provide an understanding
of the magnitude and distribution of small pockets and undulations that may provide germination sites and
retain water.
Microtopography surveys were conducted along 8 transects of 2 m length, with 4 transects per topdressing
type (i.e., overburden vs. no overburden). For each topdressing type, 2 transects were oriented north-south,
and 2 east-west. A string line was setup and the ground elevation measured every 10 cm along the transect
relative to the string line. The elevation difference between the first measurement and subsequent
measurements was used to measure elevation change along the transects.
Microtopography for the overburden and no overburden plots are plotted in Figure 4. Both transect
orientations (N-S and E-W) through the overburden plots had less elevation variation (0 to 0.12 m, and 0
to 0.095 m, respectively) compared to the no topdressing plots (N-S: -0.05 to 0.155 m and E-W: 0 to 0.1
m).
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2.2.3

Soil Sampling and Analysis

Soil sampling and analysis was completed to characterize the J1B road substrate (no topdressing soils),
the overburden soils (topdressing), and soils adjacent to the J1B road where test plots are constructed
(reference samples). The results of the soil chemical analysis will aid in the selection of fertilizer application
rates.
Soil sampling locations in the vicinity of the study site are shown in Figure 5. Soil sampling included a total
of 13 samples, as follows:


4 reference soil samples, collected within 20 m from the J1B road, each consisting of a composite
of 3 discrete samples collected within approximately 10 m of each other;



3 overburden plot samples (1 composite sample per plot);



4 no topdressing plot samples (1 composite sample per plot), plus 1 field duplicate; and,



2 samples from the primary overburden stockpile (sampled by DeBeers, see Figure 1).

Each composite sample representing the 6 topdressing plots was formed from 3 discrete samples taken
from each sub-section (i.e., 1 sample per sub-section [n=3], per topdressing plot [n=6]).
Discrete samples were consolidated and mixed in a plastic bucket to form a composite sample. Sampling
was completed with a trowel and soil was collected from 5 to 15 cm depth. Residual material was removed
from sampling equipment between each location. After discrete samples have been consolidated and
mixed, the composite sample is air-dried and only a small subsample (~ 1 kg) was collected and sealed in
both a plastic bag and glass jar and sent to a commercial laboratory for analysis. A summary of the soil
sampling locations and a visual assessment is provided in Table 5.
The soil was analyzed for the following characteristics:
Chemical:











pH
Electrical Conductivity
Extractable Cations
• Calcium
• Magnesium
• Potassium
• Sodium
• Cation Exchange Capacity
Available Nutrients
• Available Phosphate
• Available Potassium
• Available Nitrate
• Available Sulfate
• Sodium Adsorption Ratio
Available Cations
• Calcium
• Magnesium
• Potassium
• Sodium
Metals
Polyaromatic Hydrocarbons (PAH)

Physical/textural:
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Saturation
Specific Gravity
Organic Content
• Organic Matter
• Organic Carbon
 Particle size
• Gravel
• Sand
• Silt
• Clay
Soil analytical results are summarized in Table 2 to 4. Results were compared to the criteria for evaluating soil
properties and nutrient status created by the Yukon Revegetation Guideline (Matheus and Omtzigt, 2013), and
outlined in Table 6
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. Notable results from the baseline soil analysis are as follows:











Concentrations of available phosphorous were considered low in all samples except for the
overburden plots where available phosphorous was considered moderate.
Concentrations of available potassium were considered low in all samples;
Concentrations of available nitrogen were considered low in all samples;
Concentrations of available sulphur were considered very high in overburden plots, and low in all
other samples;
pH levels in overburden and reference samples were found to be very strong to strongly acidic and
the no topdressing plots were found to be moderately alkaline;
Electrical conductivities indicated low salinity levels for reference and no topdressing plots and
moderate salinity for the overburden plots, which was also reflected in the Sodium Adsorption
Ratios (SAR) calculated;
Organic matter was considered low in all no topdressing plots and 2 of 4 reference samples, and
considered moderate 2 reference sample;
PAH’s were below the detection limit in all samples;
In general, the overburden plots have elevated metals in comparison to the no topdressing plots
and reference samples. The no topdressing plots and reference have similar concentrations of
metals.

SEED AND STAKE COLLECTION
3.1

Background

The Upland Revegetation Research Implementation Plan (ARKTIS, 2019) identified target upland
vegetation species for use in the revegetation test plots, as well as, provided an assessment of the seed
and plant sources for the target vegetative species, including local collections at the Mine site. Species
targeted for collection included:


Green Alder (Alnus viridis)



Alpine Bearberry (Arctostaphylos rubra)



Bearberry (Arctostaphylos uva-ursi)



Arctic Dwarf Birch (Betula glandulosa/nana)



Crowberry (Empetrum nigrum)



Dwarf Labrador Tea (Ledum decumbens)



Beaked willow (Salix bebbiana)



Bog Bilberry (Vaccinium uliginosum)



Bog Cranberry (Vaccinium vitis-idaea)

3.2
3.2.1

Field Activities Completed in 2019
Seed Collection Program Overview

From August 22, 2019 to August 27, 2019, and September 19 to September 24, 2019 seed and stake
collection at the Mine was completed to support the dry upland revegetation research program. The majority
9
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of seed collection took place in August, with collection of lingonberry occurring in September. Collected
seeds were shipped to NATS Nursery Ltd. to be processed, placed in storage, propagated to seedlings
and/or used to cultivate additional seed stock as necessary.
3.2.1.1

Collection Areas Investigation

The seed collection focused on the areas around the Mine (Figure 1). Area’s 1 and 2 were recommended
based on local knowledge of the area. The area south west of the Mine (Area 3) was targeted for collection
due to species information collected during the 2016 Vegetation Monitoring Program (VMP, (Golder, 2017)).
Specific observations made from the three sampling areas that were established in 2019 are listed in Table
9. Photographs from each collection assessment area and species collected are provided in Appendix B.
In general, observations from the seed collection areas include the following:


Numerous healthy stands of bearberry, crowberry, lingonberry, dwarf birch, dwarf Labrador tea and
to a lesser degree, bog bilberry were found consistently within all sampling areas (Figure 1).



Dwarf Labrador tea and bog blueberry was typically abundant in all sampling areas (Figure 1).



Observed lingonberry and crowberry fruit crops were considered heavy to very heavy (many on
>50% to many berries on near all plants), alpine bearberry was typically very light to light (berries
seen on <25% and some seen on >25%, respectively), and bilberry was typically medium (many
on 25 to 50%).



Bearberry, crowberry and bilberry present were ripe at the time of the August survey, and around
the time of natural dispersal. Lingonberry was still slightly immature and was collected on the
second visit between September 19 to 24, 2019 and was around natural dispersal then.



For dwarf birch, the crop yield was considered light (some catkins observed on roughly >25%), for
which catkins were still green and at dispersal stage. For approximately 25% of the plants, catkins
were mostly immature at the time of the survey.



Seed crop from dwarf Labrador tea was medium to very heavy (25 to 50% of plants and many on
near all, respectively).



Willow is primarily found in low lying, wet areas; however, it was also commonly observed in dry,
upland areas. Seed crop was very light (seen on <25%) and around the time of natural dispersal,
or slightly past.

3.2.1.2

Seed Collection Results

Of the 9 species targeted for collection, only 6 were positively identified and obtained from the collection
areas visited. A seventh species of a variety of willow was also collected due to its abundance around the
Mine area and observed success in dry, upland areas, but it is unclear if this is the same willow species
that was to be originally targeted in the Implementation Plan (ARKTIS, 2019). Table 7 provides the
quantities of berries, catkins, and seed capsules obtained during the 2019 seed collection program.
By late August bearberry, crowberry, blueberry, dwarf birch, dwarf Labrador tea and willow were ripe and
present in sufficient quantities for collection to support the revegetation research, while lingonberry was still
mostly immature. By late September lingonberry were ripe.

3.2.2

Stake Collection Program Overview

From September 19 to September 24, 2019 stake collection and planting was completed. Stakes were
planted the same day as collection. The objective of the stake program is to evaluate the effectiveness of
staking of native shrub species to be used in reclamation research (ARKTIS, 2019).
10
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3.2.2.1

Staking Collection Methods

Staking is a revegetation method that can be used for plant species with the ability to develop adventitious
roots when planted in the ground. All species targeted have this ability to different degrees of success.
Collection methods varied by species and followed guidelines by Yukon Revegetation Guideline (Matheus
and Omtzigt, 2013), methods summarized in the Implementation Plan (ARKTIS, 2019) as well as from online
sources (Evans and Blazich, 1999).


Willow species included, harvesting dormant young wood branches (approximately 2 to 3 years old
and 2 to 4 cm in diameter 0.5 to1.5 m long), with visible buds and then trimming all lateral twigs at
the base. The proximal (down) end was cut at an acute angle, and the distal (up) end cut laterally.



Arctic Dwarf Birch was harvested by cutting dormant young wood branches (approximately 2 to 3
years old and 0.5 to 1.5 cm in diameter 0.25 to 0.5 m long), and then trimming all lateral twigs at
the base up to three-quarters of the length from the proximal end. The proximal end was cut at an
acute angle, and the distal end kept natural.



Dwarf Labrador Tea, Bog Cranberry, Bog Bilberry, Alpine Bearberry and Crowberry were all
collected with the same general approach. Semi-hardwood/hardwood cuttings were taken from
dormant, mature stems. The wood cuttings were targeted to be from partially mature wood of the
current seasons growth and were cut with a heel at the base. Cuttings generally consisted of current
or past season growth and flowering buds were avoided or removed. Cuttings were between 10 to
20 cm long and the leaves/twigs were removed from the bottom third to half of the cutting.

All stakes were planted in 5 m long rows roughly 0.16 m apart and 0.75 m wide in the designated sub-plots
(Figure 2). Stakes were planted to roughly half their length deep by hand, and the growth medium was
pushed around the stake to provide support. Due to large rocks and other local disturbances, some willow
cuttings were planted at less than half their length.
3.2.2.2

Staking Collection Results

A total of 3780 stakes were collected and subsequently planted at the test plot area. Individual species
collection results are summarized in Table 7.
Results of the stake collection program indicate adequate quantities for planting at the revegetation test
plot area. By late September all plants had entered their dormant phase and were suitable for stake
collection.

3.2.3

Nursery Propagation

All collected seeds were shipped to NATS Nursery in Langley, B.C. for processing, storage and
propagation. All collected species will be propagated to seedlings for field trials at the reclamation research
site. NATS will aim to provide 540 seedlings each of species collected. A portion of seed from each of these
species will also be set aside for potential propagation.

CLOSING
This report has been prepared exclusively for the use of De Beers Canada Inc. for the specific application
described within this report. The details provided in this report are for general information purposes only.
The information and recommendations contained in this report should not be used for any other purpose,
at another location, or by any other parties. Any use of, or reliance on this report by any third party is at that
party’s sole risk. ARKTIS assumes no responsibly for inappropriate use of the contents of this report, and
disclaims all liability arising from negligence or otherwise. General terms and conditions are provided in
Appendix C.
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Figure 1. Overview of Mine site, test plot study site location and seed collection areas visited in 2019.

A-2

DE BEERS CANADA INC., GAHCHO KUÉ MINE
2019 REVEGETATION RESEARCH SUMMARY REPORT

Figure 2. Test plot layout within the study site and dimensions of a representative test plot section.
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Figure 3. Overburden laydown locations and revegetation research plot dimensions.
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Figure 4: Microtopography results between the average of both plot types: overburden and no topdressing.
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Figure 5. Soil sampling locations for the revegetation test plots.
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Table 1. The target shrub and Graminoid species utilized in the revegetation program.
Strata

Scientific Name

Common Name

Alnus viridis

Green alder

Arctostaphylos

Shrub

Alpine bearberry

Arctostaphylos uva-ursi

Bearberry

Betula glandulosa/nana

Dwarf birch

Empetrum nigrum

Crowberry

Ledum decumbens

Dwarf Labrador tea

Salix

Graminoid

rubra1

bebbiana1

Beaked willow

Salix spp.2

Willow

Vaccinium uliginosum

Blueberry

Vaccinium vitis-idaea

Lingonberry

Agrostis scabra

Tickle grass

Festuca saximontana

Rocky Mountain fescue

Poa alpina

Alpine bluegrass

Trisetum spicatum
were not collected
2Unidentified willow species collected due to abundance at the Mine site.

Spiked trisetum

1Species
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Table 2. Soil sample metal parameters.
Sample Number
Parameter

DL

Units
GK-RP1

GK-OB1

GKRP2A

GK-OB2

GKRP2B

GK-OB3

GK-RP3

GKREF1

GKREF2

GKREF3

GKREF4

GKOBSA

GKOBSB

AVG GKRP1-3

AVG GKOB1-3

AVG
GKREF1-4

Antimony

0.1

mg/kg

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

Arsenic

0.1

mg/kg

0.46

6.09

0.9

7.66

0.55

7.43

0.72

2.89

2.32

1.89

1.45

0.6575

7.06

2.14

Barium

0.5

mg/kg

23.8

102

39.5

110

42.1

105

55.6

47.2

37

52.1

48.3

40.25

105.67

46.15

Beryllium

0.1

mg/kg

0.13

0.47

0.2

0.58

0.16

0.46

0.27

0.17

0.16

0.19

0.24

0.19

0.50

0.19

Cadmium

0.02

mg/kg

<0.020

0.277

<0.020

0.386

<0.020

0.276

<0.020

0.028

0.022

0.039

0.174

<0.02

0.31

0.07

Chromium

0.5

mg/kg

3.59

37.7

8.16

41.7

7.37

39.4

13.4

20.5

16

21.1

10.2

8.13

39.60

16.95

Cobalt

0.1

mg/kg

4.47

13.5

4.05

16.7

3.77

16.4

5.41

4.4

3.67

4.58

2.37

4.425

15.53

3.76

Copper

0.5

mg/kg

4.77

41.8

10.5

55.1

7.03

47.1

7.88

11

9.1

7.61

5.85

7.545

48.00

8.39

Lead

0.5

mg/kg

1.19

4.01

2.15

4.34

1.48

3.55

2.51

2.19

1.88

1.91

2.97

1.8325

3.97

2.24

Molybdenum

0.1

mg/kg

0.14

2.53

0.35

3.39

0.42

2.23

0.44

0.35

0.21

0.21

0.27

0.3375

2.72

0.26

Nickel

0.5

mg/kg

4.35

46.1

7.64

54.8

6.08

60.2

12.5

10.8

9

12.5

6.59

7.6425

53.70

9.72

Selenium

0.2

mg/kg

<0.20

0.36

<0.20

0.56

<0.20

0.39

<0.20

<0.20

<0.20

<0.20

<0.20

<0.02

0.44

<0.20

Silver

0.1

mg/kg

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

<0.10

Thallium

0.05

mg/kg

0.061

0.17

0.099

0.203

0.112

0.171

0.142

0.089

0.066

0.092

0.051

0.1035

0.18

0.07

2

mg/kg

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

<2.0

Uranium

0.05

mg/kg

0.365

2.33

0.978

2.83

0.604

2.23

0.812

0.856

0.79

0.629

1.17

0.68975

2.46

0.86

Vanadium

0.2

mg/kg

11.5

40.1

18.6

45.6

16.6

39.9

21.8

22

19.1

22.3

18.9

17.125

41.87

20.58

2

mg/kg

27.2

77.9

38.3

102

37.7

85.2

44.3

19.6

15.6

20.1

17.2

36.875

88.37

18.13

0.005

mg/kg

<0.0050

0.0136

<0.0050

0.0173

<0.0050

0.0118

<0.0050

0.0067

0.006

0.0163

0.049

<0.005

0.01

0.02

Tin

Zinc
Mercury

Notes: DL - Detection Limit, mg/kg – milligrams per kilogram
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Table 3. Soil sample nutrient, chemical and physical parameters.
Sample Number
Parameter

DL

Units

pH

0.1

% Saturation
Electrical Conductivity

1
0.1

Specific Gravity
Extractable Cations
Calcium
Magnesium
Potassium

4.43

AVG
GKRP1-3
8.04

AVG
GKOB1-3
5.23

AVG
GKREF1-4
4.95

111
<0.10

20.75
0.24

101.57
1.09

51.35
0.16

1550

2267.5

1413.3

1762.5

2.1

1.60

4.57

1.405

<1.5
<1.5

<0.5
<0.5

1.21
<0.5

<0.5
<0.5

<1.5

<0.5

<0.5

<0.5

4.77

24.7

0.96

14.43

8.39

4.1

4.1

2.1

<2.0

20.6

3.28

23
<2.0
<8.0

35
<2.0
<8.0

47
<2.0
<8.0

41.75
<2.0
<8.0

66.33
<2.0
132

33
<2.0
<8.0

0.38

N/A

<0.60

<0.60

0.23

0.79

0.38

28.2
7.9

13.5
7.1

<5.0
<5.0

5
<5.0

5.5
<5.0

30.78
6.975

125.33
37.93

8
<5.0

19.2
36.1

12.6
<5.0

9.3
7

<5.0
<5.0

<5.0
<5.0

<5.0
<5.0

8.975
<5.0

20.07
39.37

<5.0
<5.0

<0.050
<0.1

4.27

0.088
0.15

0.697
1.2

0.7
1.21

1.65
2.84

7.67
13.2

0.01
0.16

4.55

2.68
4.61

1.2

59.4

7.5

52.7

17.4

27.6

39.3

49.6

56.1

3.47

39.3

33.6

4.3

35.1

10.5

39.6

49.7

48.5

41.0

30.1

37.35

7.4

41

5.9
<1.0
Loamy
sand

83.3
11.2

4.8
<1.0

72.6
9.5

18.5
1.2
Sandy
loam

19.3
1.1
Sandy
loam

18.5
1.2

Silt

22.1
1.8
Sandy
loam

78.53
10.63

Sand

30.2
2.8
Sandy
loam

5.75
<1.0

Silt

6.7
1.1
Loamy
sand

GK-OB2

GK-RP2B

GK-OB3

GK-RP3

GKREF1

GKREF2

GKREF3

GKREF4

7.98

5.1

8.09

5.45

8.04

5.21

5.31

4.86

20.7
0.24

108
1.12

20.8
0.24

102
0.93

19.9
0.25

25.1
0.16

25.4
<0.10

43.9
<0.10

2320

1340

2200

1520

2130

1900

1770

1830

4.12

2.44

5.33

1.54

4.27

1

<0.5

<0.5

0.71

1.06
<0.50

<0.5
<0.5

1.37
<0.50

<0.5
<0.5

1.2
<0.50

<0.5
<0.5

<0.5
<0.5

<0.5
<0.5

<0.5
<0.5

<0.5

<0.50

<0.5

<0.50

<0.5

<0.50

<0.5

<0.5

<0.5

<0.5

meq/100 g

0.93

13

0.95

18.2

<0.80

12.1

0.99

2.02

2.07

2

mg/kg

<2.0

23.2

<2.0

14.7

<2.0

23.9

<2.0

2.8

20
2
8

mg/kg
mg/kg
mg/kg

38
<2.0
<8.0

68
2.4
139

38
<2.0
<8.0

61
<2.0
160

35
<2.0
<8.0

70
<2.0
97

56
<2.0
<8.0

27
<2.0
<8.0

0.1

-

<0.20

0.83

<0.20

0.75

0.23

0.79

<0.20

5
5

mg/L
mg/L

31.1
6.5

143
42

34.1
5.8

131
38.5

29.7
7.7

102
33.3

5
5

mg/L
mg/L

8.1
<5.0

21.7
44

8
<5.0

19.3
38

7.2
5.5

0.05
0.1

%
%

0.141
0.24

4.01

0.058
0.1

5.38

0.1

%

59.5

1.7

59.8

0.1

%

35.1

7.4

0.1
0.1

%
%

4.8
<1.0

79.7
11.2

-

-

Sand

Silt

GK-RP1

GK-OB1

GK-RP2A

pH

8.06

5.13

%
dS/m

21.6
0.24

94.7
1.21

10

kg/m3

2420

1380

0.5

meq/100 g

1.4

0.5
0.5

meq/100 g
meq/100 g

<0.5
<0.5

Sodium
Cation Exchange
Capacity
Available Nutrients
Available Phosphate-P

0.5

meq/100 g

0.8

Available Potassium
Available Nitrate-N
Available Sulfate-S
Sodium Adsorption
Ratio
Cations
Calcium
Magnesium
Potassium
Sodium
Organic Content
Organic Carbon
Organic Matter
Particle Size
Gravel(>2mm)
Sand (2.0mm –
0.05mm)
Silt (0.05mm - 2µm)
Clay (<2µm)
Texture

GKOBSA

GKOBSB

Notes: DL - Detection Limit, dS/m – deciSiemens per meter, meq/100 g – milliequivalent of hydrogen per 100 g of dry soil.
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Table 4. Soil sample PAH parameters
Sample Number
Parameter

DL

Units
GK-RP1

GK-OB1

GKRP2A

GK-OB2

GKRP2B

GK-OB3

GK-RP 3

GKREF1

GKREF2

GKREF3

GKREF4

GKOBSA

GKOBSB

AVG
GKRP1-3

AVG
GKOB1-3

AVG
GKREF1-4

Acenaphthene

0.0050

mg/kg

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

Acenaphthylene

0.0050

mg/kg

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

Anthracene

0.0040

mg/kg

<0.0040

<0.0040

<0.0040

<0.0040

<0.0040

<0.0040

<0.0040

<0.0040

<0.0040

<0.0040

Benz(a)anthracene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Benzo(a)pyrene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Benzo(b&j)fluoranthene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Benzo(g,h,i)perylene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Benzo(k)fluoranthene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Chrysene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Dibenz(a,h)anthracene

0.0050

mg/kg

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

<0.0050

Fluoranthene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Fluorene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.020

<0.010

<0.020

Indeno(1,2,3-c,d)pyrene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

2-Methylnaphthalene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Naphthalene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Phenanthrene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Pyrene

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

Quinoline

0.010

mg/kg

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

<0.010

d10-Acenaphthene

%

77.6

71.5

74.8

70.5

76.4

90.6

74.7

84.2

73.6

81.475

d12-Chrysene

%

86.8

87.6

81.1

84.9

87.8

93.9

86

91.3

85.1

89.75

d10-Phenanthrene

%

79.3

78.9

78.3

77.3

83.9

90.9

80.7

85.1

78.45

85.15

B(a)P Total Potency
Equivalent

0.020

mg/kg

<0.020

<0.020

<0.020

<0.020

<0.020

<0.020

<0.020

<0.020

<0.020

<0.020

IACR (CCME)

0.15

-

<0.15

<0.15

<0.15

<0.15

<0.15

<0.15

<0.15

<0.15

<0.15

<0.15

Notes: DL - Detection Limit, mg/kg – milligrams per kilogram
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Table 5. Soil sample collection locations and visual soil assessment.

GPS Location (UTM)
Location
Name

GK-RP1

GK-OB1

GKRP2A

GKRP2B

GK-OB2

Easting

0592183
0592158
0592135

0591868
0591852
0591826

0591892
0591924
0591951

0591892
0591924
0591951

0591969
0591996
0591996

Visual Soil Assessment
Approximate
Size and appearance
Soil
of Aggregates (%Sand,
Thickness
Silt, Clay, Gravel)
(m)

Area Condition

Reference Photograph

0

Three “trench” like areas
running north/south where
area was scarified, lots of
boulders (> 0.5 m
diameter) scattered
throughout

Photographs 3 – 6

0

Rough, loose, chunky,
lots of crevasses

Photographs 7 – 10

0

Three “trench” like areas
running north/south where
area was scarified, lots of
boulders (> 0.5 m
diameter) scattered
throughout

Photographs 11 – 14

N

0

Three “trench” like areas
running north/south where
area was scarified, lots of
boulders (> 0.5 m
diameter) scattered
throughout

Photographs 11 – 14

N

0

Rough, loose, chunky,
lots of crevasses

Photographs 15 – 18

Organics
(Y/N)

Northing

Soil Description

7037177
7037175
7037175

Composite of 3
samples. medium
light gray brown
colour, dry granite
gravel and sand, firm
to stiff consistency

0 – 0.05

40% Med course sand
60% Fine course gravel

N

7037178
7037176
7037175

Composite of 3
samples. dark brown
colour, silt and clay,
very soft, high
plasticity, wet. little
permeability

0.2

50% Silt
50% Clay

N

7037184
7037179
7037182

Composite of 3
samples. med-light
brown/gray colour,
damp, granite gravel
and sand, firm to stiff
consistency

7037184
7037179
7037182

Composite of 3
samples. med-light
brown/gray colour,
damp, granite gravel
and sand, firm to stiff
consistency

0 – 0.1

50% Med course sand
50% Fine course gravel

7037180
7037178
7037177

Composite of 3
samples. dark brown
colour, silt and clay,
very soft, high
plasticity, wet, little
permeability

0.25

50% Silt
50% Clay

0 - 0.1

50% Med course sand
50% Fine course gravel

N

%
Organics
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GPS Location (UTM)
Location
Name

GK-OB3

Easting

0592023
0592074
0592089

Northing

Soil Description

7037182
7037177
7037183

Composite of 3
samples. dark brown
colour, silt and clay,
trace gravel very soft,
high plasticity, wet,
little permeability
Composite of 3
samples. mediumlight brown colour,
gray, pink, granite
gravel, sand

GK-RP3

0590744
0591771
0591752

7036048
7037172
7037173

GKREF1

0591744
0592169
0592156

7037172
7037135
7037139

GKREF2

0592121
0592113
0592099

7037200
7037206
7037206

GKREF3

0591889
0591830
0591833

7037184
7037144
7037158

GKREF4

0591773
0591760
0591780

7037195
7037199
7037197

Composite of 3
samples. medium
brown colour, dark
brown, organic rich
soils, sand, silt
Composite of 3
samples. 1 cm of
organics on top, light
brown colour, dry
Composite of 3
samples. organics on
top, medium dark
brown colour, sand,
trace silt, trace clay.
Composite of 3
samples. organics on
top, rich medium
brown colour sandy,
silty, trace gravel.

Visual Soil Assessment
Approximate
Size and appearance
Soil
of Aggregates (%Sand,
Thickness
Silt, Clay, Gravel)
(m)

0.25

50% Silt
49% Clay
1% Gravel

Area Condition

Reference Photograph

0

Rough, loose, chunky,
lots of crevasses

Photographs 19 – 22

Photographs 23 – 26

Organics
(Y/N)

%
Organics

N

0 – 0.05

40% Med Course Sand
60% Fine Course Gravel

N

0

Three “trench” like areas
running north/south where
area was scarified, lots of
boulders (> 0.5 m
diameter) scattered
throughout

0.02 – 0.1

60% Fine Sand
40% Silt

Y

5 – 20

Moist, peat layer of
vegetation on top, rocky,
high diversity

Photographs 27 – 30

0 – 0.05

70% Fine sand
2 – 5% gravel pebbles
25% Silt

Y

10

Moist, peat layer of
vegetation on top, rocky,
high diversity

Photographs 31 – 34

0 – 0.05

80% Fine sand
5 – 10% silt
5 – 10% clay

Y

25

Moist, peat layer of
vegetation on top, rocky,
high diversity

Photographs 35 – 38

0 – 0.10

10% gravel
45% sand
45% silt

Y

70

Moist, top layer of
vegetation/organics on
top, rocky, high diversity

Photographs 39 – 42
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GPS Location (UTM)
Location
Name

Easting

Northing

Soil Description

Visual Soil Assessment
Approximate
Size and appearance
Soil
of Aggregates (%Sand,
Thickness
Silt, Clay, Gravel)
(m)

Organics
(Y/N)

%
Organics

Area Condition

Reference Photograph

GKOBSA

GKOBSB
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Table 6: Criteria for evaluating soil properties and nutrient status based on data from soil testing (Matheus and
Omtzigt, 2013).

Soil Properties

pH Values

Calcium Carbonate (CaCO3)

Electrical Conductivity
Nitrogen (N)

Phosphorus (P)

Potassium (K)

Sulfur

Organic Matter

Range

Classification

< 4.5

extremely acidic

4.6 - 5.0

very strongly acidic

5.1 - 5.5

strongly acidic

5.6 - 6.0

medium acidic

6.1 - 6.5

slightly acidic

6.6 - 7.3

neutral

7.4 - 7.8

mildly alkaline

7.9 - 8.4

moderately alkaline

> 8.5

strongly alkaline

1-5%

low

6 - 15 %

moderate

> 16%

high

< 1 mmho/cm

low salinity

1 - 5 mmho/cm

moderate salinity

> 5 mmho/cm

high salinity

0 - 3 ppm

low

3.1 - 5 ppm

moderate

> 5.0 ppm

high

0 - 10 ppm

low

10.1 - 25 ppm

moderate

> 25 ppm

high

< 75 ppm

low

76 - 150 ppm

moderate

> 150 ppm

high

0 - 7.5 ppm

low

7.6 - 15 ppm

moderate

> 15 ppm

high

0-4%

low

4.1 - 14 %

moderate

14.1 - 29 %

high

>29 %
very high
Notes, dS/m – deciSiemens per meter, ppm – parts per million
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Table 7. Stake and seed collection results

Scientific Name

Common Name

Alnus crispa

Green Alder

Arctostaphylos rubra

Alpine Bearberry

Arctostaphylos uva-ursi

Bearberry

Betula glandulosa/nana

Collected Stakes

Collected Seeds (kg)

0

0

540

4.74

0

0

Arctic Dwarf Birch

540

0.22

Empetrum nigrum

Crowberry

540

4.0

Ledum decumbens

Northern Labrador Tea

540

0.36

Salix spp.

Willow

540

0.26

Vaccinium Uliginsum

Bog Bilberry

540

4.28

Vaccinium Vitis-Idaea

Bog Cranberry

540

3.38

Note: All collected seeds were sent to NATS for propagation or storage and all stakes were planted at the test plot site.
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Table 8. Revegetation test plots experimental design at the J1B road.
Plot

Top Dressing

Amendment

Sub-plot
Grasses

Species
Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

Application Date
TBD

Reference Photograph
To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry
Bog Cranberry

A1

None

TBD
Plugs

Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry
Bog Cranberry

A2

None

Fertilizer
Plugs

Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes
A3

None

Northern Labrador Tea

Fall 2019

Beaked Willow

No Amendment

Bog Bilberry
Bog Cranberry

Plugs

Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented
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Plot

Top Dressing

Amendment

Sub-plot

Species

Application Date

Reference Photograph

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

A4

Overburden

TBD
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

A5

Overburden

No Amendment
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
A6

Overburden

Fertilizer

Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry
Plugs

Bog Cranberry
Alpine Bearberry

TBD

To be implemented
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Plot

Top Dressing

Amendment

Sub-plot

Species
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

Application Date

Reference Photograph

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

B1

None

Fertilizer
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

B2

None

TBD
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses
B3

None

No Amendment
Stakes

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry
Arctic Dwarf Birch

n/a

To be implemented

TBD

To be implemented

Fall 2019

Crowberry
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Plot

Top Dressing

Amendment

Sub-plot

Species
Northern Labrador Tea

Application Date

Reference Photograph

Beaked Willow
Bog Bilberry

Bog Cranberry

Plugs

Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

B4

Overburden

Fertilizer
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry
B5

Overburden

No Amendment

Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch
Snap Lake
Plugs

Fall 2019
Crowberry
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Plot

Top Dressing

Amendment

Sub-plot

Species

Application Date

Reference Photograph

Bog Cranberry

Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

B6

Overburden

TBD
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

C1

Overburden

No Amendment
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
C2

Overburden

Fertilizer

Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry
Plugs

Bog Cranberry
Alpine Bearberry

TBD

To be implemented
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Plot

Top Dressing

Amendment

Sub-plot

Species
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

Application Date

Reference Photograph

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

C3

Overburden

TBD
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

C4

None

No Amendment
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses
C5

None

Fertilizer
Stakes

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry
Arctic Dwarf Birch

n/a

To be implemented

TBD

To be implemented

Fall 2019

Crowberry

A-21

DE BEERS CANADA INC., GAHCHO KUÉ MINE
2019 REVEGETATION RESEARCH SUMMARY REPORT

Plot

Top Dressing

Amendment

Sub-plot

Species
Northern Labrador Tea

Application Date

Reference Photograph

Beaked Willow
Bog Bilberry

Bog Cranberry

Plugs

Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural
Grasses

Alpine Bluegrass
Rocky Mountain Fescue
Spiked Trisetum
Tickle Grass
Alpine Bearberry

n/a

To be implemented

TBD

To be implemented

Arctic Dwarf Birch
Crowberry
Stakes

Northern Labrador Tea

Fall 2019

Beaked Willow
Bog Bilberry

C6

None

TBD
Plugs

Bog Cranberry
Alpine Bearberry
Arctic Dwarf Birch
Crowberry
Northern Labrador Tea
Beaked Willow
Bog Bilberry
Bog Cranberry

TBD

To be implemented

Arctic Dwarf Birch

Snap Lake
Plugs

Crowberry

Fall 2019

Bog Cranberry
Natural

-

n/a

To be implemented

n/a = not applicable.
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Table 9. Seed collection area assessment.

Collection
Location

UTM Coordinates
Soil Conditions

Easting

SA-1

SA-2

SA-3

587946

591891

586585

Most Frequent Seed/Fruit
Stage

Crop Yields at Time of
Collection

Number of Plants Collected
From in Surrounding Area

Around natural dispersal

Very light

26-50

>1000

Immature seeds

No crop

<10 plots

Crowberry

>1000

Around natural dispersal

Very heavy

501-1000

Northern Labrador Tea

>1000

Around natural dispersal

Very heavy

501-1000

Willow

0

Bog Bilberry

>1000

Around natural dispersal

Medium

101-250

Bog Cranberry

>1000

Immature seeds

Very heavy

501-1000

Green Alder

0

Alpine Bearberry

>1000

Around natural dispersal

Very heavy

501-1000

Bearberry

0

Arctic Dwarf Birch

>1000

Around natural dispersal

Light

51-100

Crowberry

>1000

Around natural dispersal

heavy

251-500

Northern Labrador Tea

>1000

Around natural dispersal

Medium

101-250

Willow

101-1000

Around natural dispersal

Very light

26-50

Bog Bilberry

>1000

Around natural dispersal

Medium

501-1000

Bog Cranberry1

>1000

Around natural dispersal

Very heavy

>1000

Green Alder

0

Alpine Bearberry

>1000

Around natural dispersal

Very Light

252-500

Bearberry

0

Arctic Dwarf Birch

>1000

Around natural dispersal

Light

101-250

Crowberry

>1000

Around natural dispersal

Very heavy

501-1000

Northern Labrador Tea

>1000

Around natural dispersal

Very heavy

252-500

Willow

101-1000

Around natural dispersal

Very light

26-50

Bog Bilberry

101-1000

Around natural dispersal

Very light

101-250

Bog Cranberry

>1000

Immature seeds

Light

0

Species

Species Abundance

Green Alder

0

Alpine Bearberry

>1000

Bearberry

0

Arctic Dwarf Birch

Photograph
Reference

Northing

7039993

7037118

7034910

Dry, sandy gravel,
some silt, trace
boulders, firm
consistency

Dry, sandy gravel,
some silt, trace
boulders, firm to stiff
consistency

Dry, sandy, some
gravel and silt, trace
boulders, firm to stiff
consistency

43 – 48, 49

43 – 48, 50

43 – 48, 51

Notes:
1Seeds collected September 19, 2019
Seed collections occurred from August 23, 2019 through August 27, 2019.
Seed collection assessment plots are approximately 200 m by 500 m in size.
Abundance: Heavy (>1000 individual plants), Moderate (101-1000), Light (51-100), Very Light (11-50), Negligible (1-10)
Crop Rating: Heavy (many seeds/berries/cones etc. on >50% of total plants), Medium (many on 25-50%), Light (some seen on >25% or many seen on 0-25%), Very Light (seen on <25%)
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APPENDIX B: FIELD PHOTOGRAPHS
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Photographs 1, 2: Scarified section of J1B road.
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Photographs 27 – 30: Sample locations of GK-BG-1.
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Photographs 31 – 34: Sample locations of GK-BG-2.
B-4

DE BEERS CANADA INC., GAHCHO KUÉ MINE
2019 REVEGETATION RESEARCH SUMMARY REPORT

Photographs 35 – 38: Sample locations of GK-BG-3.
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Photographs 39 – 42: Sample locations of GK-BG-4.
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Photographs 3 – 6: Sample locations of GK-RP-1.
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Photographs 23 – 26: Sample locations of GK-RP3.
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Photographs 11 – 14: Sample locations of GK-RP2A / GK-RP2B.
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Photographs 7 – 10: Sample locations of GK-OB1.
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Photographs 15 – 18: Sample locations of GK-OB2.
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Photographs 19 – 22: Sample locations of GK-OB3.
B-12

DE BEERS CANADA INC., GAHCHO KUÉ MINE
2019 REVEGETATION RESEARCH SUMMARY REPORT

Photographs 43 - 46: Sample pictures of Blueberries and Dwarf Labrador tea, Crowberries, Lingonberries, and Alpine Bearberries.
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Photographs 47, 48: Sample pictures of Artic Dwarf Birch and Willow species.
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Photographs 49 – 51: Sample Area 1 (looking North), Sample Area 2 (Looking East) and Sample Area 3 (Looking South).
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APPENDIX C: GENERAL TERMS AND CONDITIONS

C-1

DE BEERS CANADA INC., GAHCHO KUÉ MINE
2019 REVEGETATION RESEARCH SUMMARY REPORT

USE OF REPORT
This report pertains to a specific site, a specific development, and a specific scope of work. It is not
applicable to any other sites, nor should it be relied upon for types of development other than those to which
it refers. Any variation from the site or proposed development would necessitate a supplementary
investigation and assessment.
This report and the assessments and recommendations contained in it are intended for the sole use of
ARKTIS Solutions Inc.’s (ARKTIS) client. ARKTIS does not accept any responsibility for the accuracy of
any of the data, the analysis or the recommendations contained or referenced in the report when the report
is used or relied upon by any party other than ARKTIS’ client unless otherwise authorized in writing by
ARKTIS. Any unauthorized use of the report is at the sole risk of the user.
LIMITATIONS OF REPORT
This report is based solely on the conditions which existed on site at the time of ARKTIS’ investigation. The
client, and any other parties using this report with the express written consent of the clients and ARKTIS,
acknowledge that conditions affecting the environmental assessment of the site can vary with time and that
the conclusions and recommendations set out in this report are time sensitive.
The client, and any other party using this report with the express written consent of the client and ARKTIS,
also acknowledge that the conclusions and recommendations set out in this report are based on limited
observations and testing on the subject site and that conditions may vary across the site which, in turn,
could affect the conclusions and recommendations made.
The client acknowledges that ARKTIS is neither qualified to, nor is it making, any recommendations with
respect to the purchase, sale, investment or development of the property, the decisions on which are the
sole responsibility of the client.
During the performance of the work and the preparation of this report, ARKTIS may have relied on the
information provided by persons other than the client. While ARKTIS endeavors to verify the accuracy of
such information when instructed to do so by the client, ARKTIS accepts no responsibility for the accuracy
or the reliability of such information which may affect the report.
STANDARD OF CARE
Services performed by ARKTIS for this report have been conducted in a manner consistent with the level
of skill ordinarily exercised by members of the profession currently practicing under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and financial and physical
constraints applicable to the services. Professional judgment has been applied in developing the
conclusions and/or recommendations provided in this report. No warranty or guarantee, express or implied,
is made concerning the test results, comments, recommendations, or any other portion of this report.
ALTERNATE REPORT FORMAT
Where ARKTIS submits both electronic file and hard copy versions of reports, drawings and other project
related documents and deliverables (collectively termed instruments of professional service), the Client
agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.
The hard copy versions submitted by ARKTIS shall be the original documents for record and working
purposes, and, in the event of a dispute or discrepancies, the hard copy versions shall govern over the
electronic versions. Furthermore, the Client agrees and waives all future right of dispute that the original
hard copy signed version archived by ARKTIS shall be deemed to be the overall original for the Project.
The Client agrees that both electronic file and hard copy versions of instruments of professional services
shall not, under any circumstances, no matter who owns or uses them, be altered by any party except
ARKTIS. The Client warrants that instruments of professional services will be used only and exactly as
submitted by ARKTIS.
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DATE November 20, 2019
TO Colleen Hughes
CC Ryan Marshall, Allan Knight, Mason Elwood, Alison Baetz
FROM Dana Harris

EMAIL

Dana.Harris@debeersgroup.com

RE: OPPORTUNISTIC VEGETATION MONITORING PROGRAM 2019

INTRODUCTION
The Opportunistic Vegetation Monitoring Program (OVMP), outlined in section 7.0 of the Upland
Revegetation Research Implementation Plan (ARKTIS, 2019), is a set of plots used to evaluate the
natural recovery of vegetation on identified dry disturbed upland locations within the Gahcho Kue
Mine (GKM) footprint. The goal of the OVMP is to assess the rate and effectiveness of natural
recovery of endemic species as a revegetation method at the GKM.
The purpose of this report is to provide a summary of the preliminary assessments of the
Opportunistic Monitoring Plots (OMP) identified by ARKTIS in 2019. The assessment of plots
occurred September 9-11, 2019 by GKM environmental staff.
SCOPE OF WORK





Conduct annual visual survey of identified plots;
Annual photographs from the Southwest (SW) corner looking Northeast (NE) once a year
between late July and mid-August to assess vegetation re-establishment and change in
vegetation community;
Vegetation coverage and species presence will be assessed using a detailed assessment
outlined in the Upland Revegetation Research Implementation Plant (ARKTIS, 2019); and
Monitoring records will be kept using CL365: Opportunistic Vegetation Monitoring Checklist.

A DIVISION OF DE BEERS CANADA INC.
SUITE 300, 5120 – 49th STREET, YELLOWKNIFE, NT X1A 1P8
TEL: 1 (867) 766-7300 FAX: 1 (867) 766-7347
www.debeersgroup.com/canada

Environment Department
Gahcho Kué Mine

November 20, 2019

METHODS
In 2019 ARKTIS solutions (ARKTIS) provided Gahcho Kue Environmental staff with a set of
guidelines for establishing opportunistic monitoring plots at the GKM (ARKTIS, 2019). This
document will serve as a template in developing a De Beers work instruction.
Within their guidelines ARKTIS recommended twelve disturbed sites at the GKM to be included
within the De Beers Opportunistic Monitoring Plan (Figure 1). Nine of these sites were selected to
be permanently established for annual surveys by GKM Environmental staff (Table 1). Plots are
established using standardized 10 m by 10 m area when possible, or within the extent of the
disturbed area. Universal Transverse Mercator (UTM) coordinates are recorded using a hand-held
GPS unit, and corners of the plot marked with a stake. Plots will be assessed under the following
timelines:
 Annual visual surveys; and,
 Detailed vegetation and soil sampling assessments every three years starting after
plot establishment.

Figure 1. Opportunistic Monitoring Plot proposed locations (ARKTIS, 2019)
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2019 Plot Establishment:
 Establish plots based on ARKTIS recommendations;
 Keep record of Southwest (SW) corner UTM coordinates with hand-held GPS unit for
standardization of annual inspections.
2019 Annual Visual Survey:
 Document and standardize photograph of plots;
 Record overall percent cover by vegetation layer (i.e. low shrub, graminoid, forb, bryophyte,
and lichen), using the following percent ranges:
o 0%
o <1%
o 1 – 5%
o 6 – 10%
o 11 – 25%
o 26 – 50%
o 51 – 75%
o 76 – 100%
 Record of landscape and site features are to be recorded during annual inspection.
RESULTS
Plots identified by ARKTIS were visited by GKM environmental staff in 2019 to assess each
location as part of the 2019 plot establishment. Photos were taken from the SW corner facing NW
as recommended by ARKTIS (Appendix A). Sites excluded from the 2019 assessment were due to
safety concerns for personnel or access issues. A full annual visual survey was completed in
addition to plot establishment by GKM staff. The 2019 plot establishment and annual visual
survey ran from September 9-11, 2019.
Table 1. Summary of OMP 2019 Plot Establishment.
Site ID
OMP1
OMP2
OMP3
OMP4
OMP5
OMP6
OMP7
OMP8

Location
N11 Diffuser Road
AN Pad
Explosive Magazine
Reclaim Jetty Road
Waste Management Area
Camp Accommodations
Fresh Water Intake
Airstrip

2019 Assessment
Photo 1
Photo 2
not assessed due to access, to be included in annual
assessments
Photo 3
Photo 4
not assessed due to safety access, not included in
future assessments
Photo 5
Photo 6
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OMP9
OMP10
OMP11
OMP12

Dyke G
Dyke F
West Mine Rock Pile
South Mine Rock Pile

November 20, 2019

Photo 7
Photo 8
not assessed due to safety access, not included in
future assessments
not assessed due to safety access, not included in
future assessments

Figure 2 – Gahcho Kue Mine Opportunistic Vegetation Monitoring plots, 2019.
Coordinates for sites were recorded at the SW corner of each plot to ensure annual surveys were
consistent between years. When possible, the area was staked with large survey stake at the SW
corner and smaller survey flags at remaining corners of plot (Photo 8).
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Table 2. Summary of locations (UTM coordinates) of Established Opportunistic Monitoring Plots in
2019.

Site ID
OMP1
OMP2
OMP3
OMP4
OMP5
OMP6
OMP7
OMP8
OMP9
OMP10
OMP11
OMP12

UTM Coordinates
East
North
0587592
7039837
0590550
7038643
excluded
0590178
7037150
0591189
7036433
excluded
0591708
7035790
0592139
7035218
0590786
7035990
0587693
7036716
excluded
excluded

Location
N11 Diffuser Road
AN Pad
Explosive Magazine
Reclaim Jetty Road
Waste Management Area
Camp Accommodations
Fresh Water Intake
Airstrip
Dyke G
Dyke F
West Mine Rock Pile
South Mine Rock Pile

Most sites were covered in small crush material, mixed in with some larger materials, and
generally flat. Areas that were sloped, OMP2 and OMP5, were made up of mostly large boulders.
Summary of observed landscape features are present in table 3. Photos in Appendix A provide
visuals of each plot along with landscape description.
Table 3. 2019 Summary of Landscape Features
Site ID
OMP1
OMP2
OMP3
OMP4
OMP5
OMP6
OMP7
OMP8
OMP9
OMP10
OMP11
OMP12

Surface Type
Side of pads/roads
Side of pads/roads
Top of pads/dykes
Rough and loose areas
Side of pads/roads
Rough and loose areas
Side of pads/roads
Rough and loose areas
Top of pads/dykes
Top of pads/dykes
Waste rock piles
Waste rock piles

2019 Survey Location Description
Landscape Features
flat, small crush
sloped, small crush and large boulders at edge
not evaluated in 2019
flat, mix small crush and larger material
90º slope, large boulders
very large slope, bermed area - no access no evaluated in 2019
flat, mix small crush and larger material
flat, small crush and some larger material
flat, small crush
flat, larger material
Not assessed due to access
Not assessed due to access

In general, very little vegetation was observed at sites. Most vegetation that was observed was not
identified as new growth on disturbed area. This was determined based on the placement of the
rock around the plants versus the rooting of plants on a substrate. A full summary of observed
percent vegetation coverage at each site can be found in Table 3.
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Table 3. Summary of 2019 Annual Visual Survey. Observed percent vegetation cover at OMP sites.

Site ID
OMP1
OMP2
OMP3
OMP4
OMP5
OMP6
OMP7
OMP8
OMP9
OMP10
OMP11
OMP12

Low Shrub
0
<1
NA
0
0
NA
<1
<1
0
0
NA
NA

2019 OMP Annual Visual Survey
Percent Vegetation Cover (%)
Graminoid Forb
Bryophyte
Lichen
Total
0
0
0
0
0
0
<1
0
0
1-5
NA
NA
NA
NA
NA
0
0
0
0
0
0
0
0
0
0
NA
NA
NA
NA
NA
0
0
0
0
0
<1
1-5
0
0
1-5
0
0
0
0
0
0
0
0
0
0
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Five species were observed during the plot establishment and annual visual surveys conducted
including Betula spp., Salix spp., unidentified sedge (grass) species, Cloudberry (Rubus
chameamorus), and fireweed (Chamaenerion angustifolium). A summary of the species observed
and related OMP sites is located in Table 4.
Table 4. Summary of Vegetation Species Observed during 2019 Plot Establishment and Annual
Visual Survey.
2019 Summary of Vegetation Observed
Location
OMP2
OMP8
OMP2
OMP7
OMP2
OMP2
OMP8
OMP8

Photo #
Photo 2
Photo 6
Photo 2
Photo 5
Photo 2
Photo 2
Photo 6
Photo 6

Species
Betula spp.
Salix spp.
Cloudberry
Fireweed
Sedge spp.

Report prepared by:
Dana Harris
Environmental Officer,
Gahcho Kué Mine,
De Beers Canada Inc.
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REFERENCES
ARKTIS (2019). Upland Revegetation Research Implementation Plan. December 14, 2018.
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Appendix A – Photos

Photo 1. OMP1 SW corner 2019. Area was covered with crush. Flat area. No vegetation was
observed at site.
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Photo 2. OMP2 SW corner 2019. Sloped edge had larger boulders with smaller crush on top of the
pad. Some vegetation growing in area, not identified as new growth to disturbed area.
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Photo 3. OMP4 SW corner 2019. Area was a mix of small crush and some larger material. Plot
area was segregated from road by large pipe. No vegetation was observed.
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Photo 4. OMP5 SW corner 2019. Area was made up of mostly large boulders. 90º Sloped edge. No
vegetation was observed.
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Photo 5. OMP7 SW corner 2019. Area was made up of small crush and some larger materials.
Some vegetation observed at edge of lake, was not identified as new growth.
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Photo 6. OMP8 SW corner 2019. Area was predominately made up of smaller crush on the edge of
the airstrip. Some larger material present. Area was flat. Vegetation observed.
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Photo 7. OMP9 SW corner 2019. Area made up of smaller crush on surface. Area was flat. No
vegetation was observed.
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Photo 8. OMP10 SW corner 2019. Area was made up of larger crush. Flat area. No vegetation
observed.
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1.0

INTRODUCTION

ARKTIS Solutions Inc. (ARKTIS) was contracted by De Beers Canada Inc. (De Beers) to complete closure
and reclamation services for the Gahcho Kué Mine (Mine). Within this scope, final landform options that
are safe to wildlife and also may provide improved habitat quality for wildlife was identified as a topic of
research within the Interim Closure and Reclamation Plan v.4.1 (ICRP) (De Beers, 2019a). Research was
planned to target key areas of uncertainty, namely:


What landform options have been successful at other northern mines in facilitating safe wildlife use
and travel?



Where landforms should be designed/modified/enhanced to encourage or discourage wildlife use
(e.g. gentle or steep slopes, vegetation, perch sites);



How travel routes should be developed in the final landform (e.g. access/egress ramps, surface
material properties); and,



Preferences of Traditional Knowledge holders regarding final landforms to achieve objectives
related to wildlife.

De Beers has committed to gathering information to identify landform features for each mine component
that would ensure safe use, potentially improve habitat quality and potentially provide a measurable benefit
for caribou and other local wildlife. Landform features associated with rock piles, processed kimberlite (PK)
piles, and infrastructure areas will be targeted (Figure 1). The research will inform the closure options for
final landforms and criteria for minimum level of wildlife use.
The following three specific research tasks have been identified regarding landform options.


Task 1: Desktop review of final landforms at comparable mines.



Task 2: Evaluation of Habitat Suitability Index of the rock piles, PK piles and infrastructure areas
for each viable landform option.



Task 3: Engagement and feedback to further understand community preferences for each mine
component with consideration given to the closure options identified through Task 1.

This report summarizes the following to fulfill the requirements of Task 1:


Landform features that support or restrict wildlife habitat for key wildlife species are documented in
best management practices and from literature that has documented Traditional Knowledge.



Options for landform features that support wildlife habitat, their physical characteristics and habitat
function, and the benefit(s) to wildlife habitat.



Options for landform features that restrict wildlife habitat and their physical characteristics and
habitat function.



Recommendations for viable landform features that can be used to inform final site design, habitat
function and stakeholder engagement.

The organization of this report is as follows:


Section 2.0 summarizes the final landform features at other northern and applicable mine sites and
best management practices.



Section 3.0 summarizes the literature review completed.



Section 4.0 reviews options for landform features that support or restrict wildlife habitat.



Section 5.0 provides recommendations for viable landform features for each mine component.



Section 7.0 provides conclusions and next steps.



Section 8.0 provides a disclaimer for the contents of the report and closure of the document.
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The research findings will be used to inform the Mine’s closure and reclamation plan.

2.0

LANDFORM FEATURES FOR WILDLIFE AT NORTHERN AND
APPLICABLE MINE SITES AND BEST MANAGEMENT
PRACTICES

A review of mine closure documents from other northern and applicable mine sites was completed to
identify specific landform design elements for wildlife. Documents from 20 mine or project sites were sought
and reviewed, including:





















Cantung, NT
Colomac, NT
Con, NT
Diavik, NT
Ekati, NT
Giant, NT
Port Radium, NT
Snap Lake, NT
Jericho, NU
Mary River, NU
Meadowbank, NU
Sabina Back River Project, NU
Brewery Creek, YT
Eagle Project, YT
Faro, YT
Minto, YT
Cheviot, AB
Jackpine, AB
Luscar and Gregg River, AB
Elk Valley, BC

These sites were assessed for relevant details or options regarding closure landform designs for wildlife.
For most sites, relevant documentation was absent, or the overall content provided was limited and
conceptual in nature regarding wildlife. For example, it may be noted that revegetation using native plants
will occur to improve habitat quality, or shallower, finer rock crossings will be provided for caribou at roads,
without any additional elaboration or specifics that contribute to further evaluation. The limited detail specific
to landform features for wildlife may be a reflection that the primary design objectives for the mine
component are not associated with wildlife habitat or use, but rather other closure objectives such as
physical or chemical stability.
Nevertheless, from the list of sites reviewed several active and abandoned mines were selected for further
evaluation of wildlife landforms and are summarized in Table 1. These sites provide an overall
representation of the typical landform features specific to wildlife use or habitat for various mine components
and post-closure landscapes. A previous literature review by Ekati (Rescan, 2013) for mines with closure
objectives specific to wildlife provided the majority of information on landform design elements. This
information was updated where appropriate.
Focus is on landform features associated with rock piles, PK piles, and infrastructure areas as shown in
Figure 1. These will constitute the primary areas targeted for wildlife habitat and safety at Gahcho Kué as
they will be the main features remaining following final closure. Based on the mine sites assessed, the
various landform features to improve wildlife habitat and/or safety for these target mine components or
post-closure landscape are summarized in the following sections. Available guidelines for best
management practices are also presented separately (Section 2.7). Additionally, a synthesis of wildlife
landform features for mine reclamation in Alberta’s oil sands is also presented (Section 2.8).
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Figure 1. Final mine site reclamation conditions and permanent structures (modified from (De Beers, 2020).
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Table 1. List of final landform features to improve wildlife habitat quality and/or safety considered at other applicable mines.
Site
Colomac Gold Mine,
Northwest Territories

Status
Post closure

Mine Component
Waste Rock Piles

Recontoured top and sides

(Source: Pearse, 2006;
AANDC, 2012)

Tailings
Water Diversion
(Dams, Dikes,
Channels)
Buildings and
Infrastructure
Landscape

Port Radium,
Northwest Territories

Post closure

(Source: AANDC, 2013)

(Source: EBA, 2011)

Post closure

Revegetated
Rock and soil cover
Backfilled channels, recontoured
and culverts removed

Waste Rock Piles

Demolished, stored in landfill,
hazardous waste managed
Re-constructed shoreline and
riparian revegetation
All (e.g., access berms,
recontouring/backfilling, rock/soil
covers, buildings demolished,
revegetation)
Rock cover

Tailings

Rock and soil cover; recontoured

Buildings and
Infrastructure

Remnant scrap metal and wooden
structures removed, building
foundations demolished and
contoured to surrounding area
All opening to underground
infrastructure closed with rocks,
recontoured and fenced rock
closures
Backfilled into open pits

Underground
Infrastructure
Brewery Creek Mine,
Yukon Territory

Final Landform Feature
Berm

Waste Rock Piles
Tailings

Interim fencing
Remediated ponds

Benefit to Wildlife
Prevent access by caribou and mitigate
potential for physical harm
Ensure pile does not pose a barrier to
wildlife and movement is possible over
pile.
Ensure no injury from movement over
pile.
Restore lost habitat for wildlife.
Prevent access by caribou to impacted
water and mitigate potential for harmful
effects.
Re-establishment of passive drainage.

Purpose/impact associated with wildlife
not described in source reference.
Restore lost riparian habitat.
Restore lost habitat for wildlife.

Prevent access by wildlife to elevated
radioactivity in waste rock and mitigate
potential for harmful effects.
Prevent access by wildlife to impacted
water and mitigate toxicity exposure from
vegetation on tailings.
Purpose/impact associated with wildlife
not described in source reference.
Prevent access by wildlife and mitigate
potential for physical harm.
Purpose/impact associated with wildlife
not described in source reference.
Temporarily prevent access.
Mitigate potential for harmful effects to
wildlife from impacted water.
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Site

Diavik Diamond Mine,
Northwest Territories

Status

Active mine

Mine Component
Water Diversion
(Dams, Dikes,
Channels)
Roads and airstrips

Waste Rock Piles

(Source: DDMI, 2017,
2018)

Final Landform Feature
Culverts removed and replaced
with rock lined ditch

Benefit to Wildlife
Purpose/impact associated with wildlife
not described in source reference.

50% of access road and haul road
surfaces scarified and seeded
Recontoured – top flattened,
berms removed and slope angles
reduced to 3H:1V.
Waste rock cover.
Caribou access ramps.
Base of slope and access
pathways clear of boulders.
Bench areas along north slope.

Purpose/impact associated with wildlife
not described in source reference.
Ensure pile does not pose a barrier to
wildlife and movement is possible over
pile.
Ensure no injury from movement over
pile.
Provide fewer places for predators to
hide.
Simulate varying levels of steepness and
reduce effort required to climb.
Prevent access by wildlife to PK and
mitigate potential for harmful effects.
Deter caribou access to PK facility.
Encourage snow accumulation for
wolverine and other denning wildlife.
Restore lost habitat, improve habitat
quality.

Tailings

Type I cover over PK beaches.
Outer dam slopes left at 1.5H:1V.
Pond over unconsolidated PK
materials.

Water Diversion
(Dams, Dikes,
Channels)
Buildings and
Infrastructure

Restored natural drainage
channels.
Contaminated materials removed
Recontoured, steep slopes
removed, scarified where wildlife
access routes not required.
Select areas revegetated.

Roads and airstrips

Underground
infrastructure
Landscape

Recontoured, sides pushed out to
reduce slope.
Scarified with single lane width left
intact at select sections.
Intact sections linked to predevelopment wildlife access
routes.
Revegetated
Access blocked.
Physical hazards removed or
isolated.

Ensure no exposure to contaminants
from remnant materials.
Facilitate safe wildlife movement across
site.
Purpose/impact associated with wildlife
not described in source reference.
Ensure safe access/egress for wildlife.
Facilitate safe wildlife movement across
site.

Purpose/impact associated with wildlife
not described in source reference.
Prevent access and mitigate potential for
physical harm to wildlife.
Ensure no injury to wildlife, especially
caribou.
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Site

Status

Mine Component

Final Landform Feature
Recontoured and constructed
pathways for caribou movement.

Revegetation of some sites.
Wind protection of areas with
potential for wind erosion
Ekati Diamond Mine,
Northwest Territories

Active mine

Waste Rock Piles

(Source: DDEC, 2018)

Tailings

Water Diversion
(Dams, Dikes,
Channels)
Buildings and
Infrastructure
Roads and airstrips

Jericho Diamond Mine,
Nunavut
(Source: EBA, 2011b)

Care and
Maintenance

Underground
infrastructure
Waste Rock Piles

Access ramps for caribou and
other wildlife; or,
waste rock pushed onto haul road
access ramps.
Ramp properties and types of
material to employ not yet
determined.
Cover design that enables safe
wildlife movement.

Dams and dikes breached,
channels regraded, natural flows
re-established, revegetated
riparian and aquatic areas.
Targeted areas scarified and
revegetated.
Topsoil placed in lift or islands.
Select roads and airstrip left in
place with constructed
access/egress points.
Other select roads scarified and
revegetated.
Vent raises capped and portals
sealed at surface
Recontoured to 19 degree angle
(~3H:1V), scarification of top
surface and placement of
overburden topdressing for
revegetation

Benefit to Wildlife
Ensure no increased opportunities for
predation of caribou compared to predevelopment conditions resulting from
ecological trap (i.e., increased predation
rates of caribou ‘trapped’ in post-closure
landscape).
Restore lost habitat.
Ensure dust levels do not affect
vegetation palatability to wildlife,
decreasing habitat quality.
Provide access and egress for target
waste rock piles; or, reduce and prevent
access.

Ensure tailings facility does not pose a
barrier to wildlife and movement is
possible over tailings facility.
Ensure no injury from movement over
tailings facility.
Restore lost habitat for wildlife.
Facilitate wildlife movement.
Promote natural vegetation growth.
Facilitate safe wildlife movement across
site and between areas of higher quality
habitat, as well as reduce attractiveness
for movement to unsafe areas or lower
quality habitat.
Prevent access and mitigate potential for
physical harm to wildlife.
Purpose/impact associated with wildlife
not described in source reference.
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Site

Status

Mine Component
Tailings

Water Diversion
(Dams, Dikes,
Channels)
Buildings and
Infrastructure
Roads and airstrips
Landscape

Snap Lake Diamond
Mine,
Northwest Territories

Care and
Maintenance

Waste Rock Pile /
Tailings
Water Diversion
(Dams, Dikes,
Channels)

(Source: De Beers,
2019b)

Buildings and
Infrastructure
Roads and airstrips
Underground
infrastructure
Landscape
Meadowbank Gold Mine,
Nunavut
(Source: Cumberland
Resources Ltd., 2005)

Active mine

Waste Rock Piles
Tailings
Water Diversion
(Dams, Dikes,
Channels)

Final Landform Feature
Recontoured and covered with 0.3
m overburden. Possibly
revegetated.
All ponds backfilled, culverts
removed, ditches reshaped to
restore pre-mine hydrology if water
quality meets standards.
All buildings, equipment, and
structures buried or removed.
Recontoured, scarification of top
surface of roads. Airstrip left intact
for emergency landings.
Not specified, although
revegetation will likely improve
habitat quality.
Till and seeding possible, rock
covering of some sites to control
erosion.
Rock cover

3H:1V slope
Cover over accumulated
sediments in water management
pond and sumps.
Natural drainage pathways
reestablished where possible.
Scarified, overburden placed,
seeded.
Scarified
All vents, portals, raises or
additional access points are
sealed.
3H:1V slope in mine-impacted
areas.
Recontoured for wildlife access to
neighbouring areas; graded to
blend in.
Rock cover
Culvert removed

Benefit to Wildlife
Mitigate wind erosion.

Purpose/impact associated with wildlife
not described in source reference.
Purpose/impact associated with wildlife
not described in source reference.
Purpose/impact associated with wildlife
not described in source reference.
Restore lost habitat for wildlife.

Physical isolation of the processed
kimberlite.
Physically stable slope.
Reconnect drainage paths.

Promote natural recovery.
Promote natural recovery.
Prevent access and mitigate potential for
physical harm to wildlife.
Physically stable slope.
Ensure pile does not pose a barrier to
wildlife and movement is possible over
pile.
Prevent access by wildlife and mitigate
potential for harmful effects.
Purpose/impact associated with wildlife
not described in source reference.
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Site

Status

Mine Component
Buildings and
Infrastructure

Roads and airstrips
Landscape

Final Landform Feature
Buildings removed, dangerous
structures and material buried onsite.
Recontoured, wildlife provided with
access to roads

Recontoured, surfaces treated to
minimize erosion from runoff and
wind-blown dust

Benefit to Wildlife
Ensure no injury to wildlife.

Improve ability of wildlife to move through
landscape and ensure does not pose a
barrier to wildlife.
Restore lost habitat for wildlife.
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2.1

Waste Rock Piles

Based on the review of other mine sites, closure plans for waste rock piles primarily focus on physical and
chemical stability. The main consideration related to wildlife pertained to minimizing risk of physical harm
from wildlife moving over or near piles. Some mines also sought to implement a barrier to restrict or prevent
wildlife movement. The primary reclamation action common to most plans was recontouring to reduce side
slopes, primarily as a method to increase stability, but with secondary benefits of reducing physical risk to
wildlife and facilitating movement.
Shallow gradient access/egress ramps are proposed at Diavik and Ekati to facilitate caribou movement and
reduce risk of injury from coarse, uneven substrate. Rock covers, while primarily placed for erosion control,
are considered at Diavik to also provide the added benefit of aiding in wildlife movement and reducing risk
of injury. At Port Radium where contaminants may be present within the waste material, placement of a
cover also mitigates the risk of exposure to wildlife, either directly or through metals uptake in vegetation.
At Snap Lake, the cover reduces erosion, isolates the processed kimberlite, facilitates passive drainage
and contributes to improved seepage and runoff water quality.
As a habitat feature, some of the mines note waste rock piles may serve as elevated refuge from insects
and points to spot or escape prey, or provide steep slopes and ledges for nesting or denning. Revegetation
is identified at Colomac and Jericho, supported through active seeding/planting at the former, and
scarification and placement of an overburden topdressing at the latter. The other mines do not specify
revegetation of the waste rock piles to restore wildlife habitat.
Some of the mines restricted use of the waste rock piles by wildlife in order to reduce the risk of physical
harm. At Colomac, berms are used to prevent wildlife access to select areas, with safe movement and use
being facilitated elsewhere. Ekati has not yet decided upon an approach to their waste rock piles with
regards to wildlife, and so in addition to a proposal to provide access and egress ramps they have also
proposed reducing and preventing access through placement of waste rock on the haul road access ramps.
Ramp properties and types of material to employ have not yet been determined.
A summary of typical final landforms for waste rock piles that facilitate safe use includes:


Shallow slopes or ramps to facilitate safe movement of wildlife over pile;



Cover of finer material at ramps or across entire surface to facilitate safe movement of wildlife over
pile;



No significant obstacles to impede movement over pile;



Physical isolation of waste to limit exposure to wildlife; and,



Revegetated to provide supportive habitat.

A summary of typical final landforms for waste rock piles to restrict use and mitigate against physical harm
include:

2.2



Barrier berms at strategic locations around pile perimeter; and,



Rock piles or berms across haul road access ramps.

Processed Kimberlite and Tailings

Of the mines researched, most preferred wildlife to avoid their tailings facilities. Thus, most landform
features focus on reducing risk of harm rather than enhancing ease of movement or habitat. The most
common landform feature for tailings facilities is a rock and/or soil cover. At diamond mines such as Ekati,
Diavik, Jericho and Snap Lake, covers are primarily placed over the processed kimberlite for erosion control
and facilitation of passive drainage. Although processed kimberlite is generally non-toxic, the cover applied
at the Diavik site is noted to restrict access to wildlife and mitigate against wildlife exposure to potential
contaminant.
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Diavik seeks to also deter access to their tailings facility by maintaining steeper outer slopes (1.5H:1V).
However, it is noted the steeper slopes may also serve a secondary function of encouraging snow
accumulation and providing denning habitat for wildlife. Distinct from other mines, Ekati seek to ensure the
tailings facilities are not a barrier to wildlife movement with cover designs and/or slopes that enable safe
wildlife movement. Both Ekati and Jericho propose revegetation of processed kimberlite, although this is
primarily for stabilization purposes, rather than to restore wildlife habitat.
At metal mines such as Colomac, Port Radium and Meadowbank, covers serve to restrict access to tailings
and mitigate exposure to toxicity, either directly from tailings, or from water and vegetation that is altered
by the tailings. Brewery Creek proposes treat the tailings pond water to reduce risk of harm, with interim
fencing to prevent access until then.
A summary of the final landform features for processed kimberlite and tailings facilities to minimize risk for
harm or deter access includes:


Physical isolation of waste to limit exposure to wildlife; and,



Steeper outer slopes of 1.5H:1V to deter wildlife access, with secondary function of encouraging
snow accumulation and providing denning habitat.

Landform features to benefit wildlife or encourage movement/access include:


Cover of finer material across surface to facilitate safe movement of wildlife;



Shallow slopes facilitate safe movement of wildlife; and,



Revegetated to provide stabilization.

2.3

Buildings, Infrastructure, Roads and Airstrips

Of the mines researched all will remove all buildings, structures, equipment and contaminated or hazardous
materials, burying non-hazardous waste on-site and ensuring no harm to wildlife. Some sites (i.e., Diavik,
Ekati and Snap Lake) will scarify, place topsoil and revegetate disturbed infrastructure areas to promote
natural recovery and likely improve wildlife habitat. Recontouring and reducing steep slopes is also common
to reduce risk of harm and facilitate wildlife movement across site.
Several sites will utilize existing roads and airstrips as wildlife corridors to facilitate safe movement across
the landscape. Surfaces will be left intact at select sections for ease of movement and smoother/safer
footing, and side embankments recontoured or pushed out to provide safe access/egress points. Other
sections of road will be scarified to deter wildlife movement away from unsafe areas or poorer quality
habitat. All sites also include scarification and/or revegetation of some or all roads and airstrips to promote
overall natural recovery and habitat restoration. Only at Jericho will the airstrip be left fully intact for
emergency landings.
A summary of typical final landform features for buildings, infrastructure, roads and airstrips to benefit
wildlife or encourage safe movement/access include:


All buildings, equipment, structures, contaminated/hazardous materials removed to reduce risk of
harm;



Recontour to reduce slopes and risk of physical harm;



Select sections or areas left intact to facilitate safe wildlife movement;



Access/egress points to reduce barriers and facilitate safe wildlife movement; and,



Scarification, topsoil placement and revegetation to provide supportive habitat.

Scarification can also be used to deter access to select areas in order to support the safe movement of
wildlife across the mine site and towards higher quality habitat to their benefit.
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2.4

Underground Infrastructure

Of the mines researched the main landform features of underground infrastructure with respect to wildlife
aim to prevent access and reduce risk of harm, by sealing all vents, portals, and any additional access
points. No other landform features specific to wildlife are present.

2.5

Water Diversion (e.g. Dams, Dikes, and Channels)

Of the mines researched final landforms for water diversion structures typically include recontouring,
backfilling and reconnection of natural drainage patterns, which has the potential to restore and/or improve
wildlife habitat and facilitate wildlife movement. At Ekati, revegetation of select areas with aquatic and
riparian plants will also serve to restore and improve wildlife habitat.
Thus, landform features for water diversion structures focus on improving wildlife habitat and possibly
facilitating movement, and are summarized as follows:


Reconnect natural drainage patterns;



Recontour and/or backfill dams, dikes and channels to reduce slopes and fill in depressions; and,



Revegetate aquatic and riparian plants.

2.6

Landscape

Of the mines researched the majority of the closure plans for abandoned and active mines contain
component-specific landform features for wildlife; however, several mines also include features for the
general landscape. Typically, these features are a repeat of those already specified for specific mine
components, but may have an expanded scope to include other components. A summary of the landscapelevel features is below:


Physical hazards removed or isolated to reduce risk of physical harm;



Recontour to reduce slopes and/or construct pathways to facilitate safe wildlife movement;



Recontour and construct shorelines to improve wildlife habitat;



Revegetate to restore or improve wildlife habitat; and,



Recontour surfaces or provide wind and runoff erosion protection (e.g. rock cover) which have a
secondary result in restoring habitat.

2.7

Best Management Practice Guidelines

There is limited guidance available on the reclamation of northern mines for wildlife habitat, particularly
those in permafrost areas. Of the available documentation for northern locales (e.g., Yukon, British
Columbia and Alaska), reclamation techniques concern mainly erosion control, regrading, recontouring,
and spreading topsoil for natural revegetation and revegetation techniques. Most of the relevant research
has come from the restoration of mega oil sands mining projects in northern Alberta which are discussed
further in the following section (Section 2.8). The most applicable guidance document available is the
Klondike Placer Miners’ Association (KPMA) Best Management Practices for Placer Mining in Yukon
Wetlands – Recommendations and Guidelines (Chevreux and Clarkson, 2015), which provides guidance
for reclaiming placer mined wetlands in the Yukon for wildlife habitat. Although the focus is on wetland
reclamation, other wildlife enhancements are included as well for upland areas because the wildlife in
wetlands generally uses both types of habitats.
A summary of best management practices recommended by the KPMA (Chevreux and Clarkson, 2015)
with regards to final landform options that extend beyond the wetland ponds includes the following:


A wide range of topographic features should be incorporated into the reclamation landscape
including small hills, small depressions and undulating topography;
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Shallow depressions can be excavated or left unfilled on flat areas or gentle slopes to create
wetlands;



Upland slopes should be less than 2H:1V or benched;



Where practical, patches of natural vegetation should be left in, or near, the operating area,
preferably along travel corridors or adjacent to streams and water bodies;



Topsoil, black muck and other organic materials and fine soils should be spread over disturbed
areas and slopes to promote revegetation;



Land surfaces should be roughened, either with machinery or by placing logs or woody debris on
the slope;



Littoral zones should be created along the perimeter of pit lakes by cutting back the final pit walls
or pushing overburden over the edges of the pond to create gentle slopes ideally at 3H:1V ratio
and not exceeding 5H:1V, representing over 10% of the surface area;



Logs and smaller pieces of debris such as roots, twigs, and branches placed on the bottom and
slopes of ponds;



Mining cuts with steep faces should be left alone to provide nesting sites for birds, beavers and
muskrats;



Some shallow gravel piles should be left in the reclaimed landscape for wildlife habitat;



Piles of logs and brush should be placed across site to provide nesting sites and cover for wildlife
and promote revegetation; and,



Natural dead standing trees should be left standing in the reclaimed landscape to provide for
nesting and perching as well as food for insectivorous birds and mammals.

In the manual from the U.S. Bureau of Land Management (BLM, 1992), for reclamation to provide wildlife
habitat the emphasis is placed upon habitat features that promote maximum vegetative species diversity.
Reclamation designed to produce a desirable mix of shrubs, grasses, and forbs will benefit wildlife.
Suggested reclamation practices to integrate the vegetative components and those landform features
required to perpetuate diverse and habitat-sufficient plant communities as well as directly enhance wildlife
habitat include:


restoration of diverse landforms such as slopes, surface undulations, minor depressions, swales,
and convoluted drainages;



direct topsoil replacement to the disturbed or shaped areas;



shrub and tree transplants;



water developments;



construction of rock and brush piles for small mammals and birds;



tree snags left standing for nesting and roosting; and,



highwalls with niches left in place for birds.

Many or most mines in North America seek to establish wildlife habitat (or otherwise create “natural” areas)
over some or all of their reclaimed landscapes (McKenna, 2002), generally through planting native plants
(e.g., forbs, shrubs, trees). However, the research and grey literature provide only general approaches for
wildlife reclamation and little practical guidance. Buehler and Percy (2012) provide an overview of typical,
species-specific approaches. A few key papers are identified below:


McKee (2007) provides a summary of 26 years of wildlife enhancements for coal mines in
Wyoming, as well as information on monitoring of wildlife use of the sites, allowing changes to
techniques over time.
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2.8



MacCallum (2003) provides an overview of coal mine reclamation for wildlife in the Alberta foothills,
with a six step program (develop short and long-term strategies, identify land use objectives,
subdivide the mine disturbance into reclamation units, subdivide each reclamation unit into
landscape units to determine post-reclamation attributes, design the reclamation program,
determine how reclamation success will be evaluated). The paper goes on to document wildlife
response at two open pit coal mines.



Green et al. (1986) reviewed information on wildlife habitat in the mountain and foothills biomes,
wildlife habitat reclamation techniques, potential problems in wildlife habitat reclamation, and
potential assessment methodologies.



Eccles et al. (1988) provide an assessment handbook for mountain coal mine wildlife habitat
reclamation, including assessment scoresheets for 15 different habitat types.



Green et al. (1991) provided guidance on reclamation of Alberta pits and quarries, with a section
devoted to considerations for reclaiming to wildlife habitat.



Tashe (2012) describes the impacts of acid rock drainage on habitat and provides an overview of
reclamation to fulfil wildlife objectives. The conference presentation describes several successful
case histories including the Mount Washington Copper Mine on Vancouver Island. At that mine,
the four steps followed were (1) preparation and capping of the site, (2) designs to minimize flows
through waste rock, (3) installation of wildlife habitat enhancement features and corridors, and
finally (4) a monitoring program.



Benson (2002) provides an overview of habitat reclamation at the Buckskin Coal Mine in Wyoming.
Reclaimed landscape features for habitat for big game and small mammals, birds, reptiles and
amphibians, fish, and threatened or endangered species are provided. The strategies and
technologies described play to the strength of local mining materials, equipment, and geometries.



The Handbook of Methods to Reclaim Wildlife Habitat on Surface Mines in Wyoming (Parrish and
Anderson, 1994) provide specific direction on a wide variety of techniques including recontouring,
cover soiling, microtopography, planting and seeding methods, vegetation patterns, rock piles, spoil
ridges, highwall modification, brushpiles and snags, nest structures, wetland and stream
reclamation, all extensively supported with references.

Landform Features in the Alberta Oil Sands

Oil sands companies are required to reclaim the land that has been disturbed during their operations to
self-sustaining, locally common boreal forest. Much of the existing research has concentrated on soils,
landforms, and vegetation; less research has been conducted on restoring wildlife communities to postmining sites. Consequently, there is currently little guidance available to practitioners and regulators on the
creation of reclaimed wildlife habitat in the Alberta oil sands region.
Of the available research, there are currently four main sources for guidance on oil sands reclamation for
wildlife habitat. Axys Environmental Consulting Ltd. (2003) provided a literature review of available
techniques for reclaiming habitat specific to wildlife species, such as caribou, moose and snowshoe hare.
As the authors pointed out, the only information available was for the patch (e.g. pond, stand of trees) and
microsite (e.g. dead standing tree, woodpile) levels, not the landscape level. Alberta Environment (2009)
provides valuable information regarding species, habitat, and some information on patches and elements,
but lacks a unifying framework and specific direction to designers. The Cumulative Environmental
Management Association (CEMA) Wetland Manual (CEMA, 2014) provides guidance for wildlife habitat
design for wetlands – this guidance was developed in parallel with the Ecological Framework for Wildlife
Habitat Design (Eaton et al., 2014), which provides a landscape ecology approach to plan, design and
construct landscapes for wildlife communities.
Various decision-making frameworks have also been developed to determine the success of reclamation
efforts in the Athabasca oil sands region for post-closure certification (Poscente, 2009; AESRD, 2012). The
primary goal of reclamation under the frameworks is to return the land to its equivalent pre-mined capability,
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which was primarily boreal forest. Thus, the primary reclamation technique for wildlife habitat to achieve
certification is revegetation.
The present industry / regulatory paradigm for mine reclamation focuses on patch-scale target ecosites
(and ecosite phases) and planting native vegetation (Alberta Environment, 2009). As mining and tailings
activities are completed in various areas of the mine, these areas are reclaimed progressively through regrading, placement of soils, and revegetation to create uplands and wetlands. Reclamation plans for each
area include target landforms, ecosite types, and habitat elements. There is typically extensive use of
coarse woody debris during upland reclamation, and some structural diversity elements, such as rock piles
and snags, are employed to provide wildlife habitat. Revegetation usually involves a nurse crop (an annual
grass), followed by uniform planting of trees and shrubs in patches according to ecosite phase prescriptions.
The proposed Ecological Framework for Wildlife Habitat Design (Eaton et al., 2014) attempts to increase
the sophistication of design and construction with a focus on the community level to enhance successful
reclamation of wildlife habitat. Much of this can be accomplished through use of planting to ecosite in a
more thoughtful and interconnected way. For example, designing a mosaic of interconnected habitat
patches with a diversity of sizes and shapes on the reclaimed landscape, adding in artificial snags as
surrogates for structures that would naturally remain after fire, can be used to emulate the effects of natural
disturbances such as wildfire. By emulating natural systems, there is a greater likelihood to impart
ecological form and function to the systems to be designed and built. The final recommended landform laid
out by the ecological framework will be one that has:


Habitat design at different spatial scales, including at the regional, lease/landscape, landform, patch
and microsite level;



Habitat design at different temporal scales; and,



Connectivity between habitat patches through a number of methods, including habitat corridors and
stepping stones.

In summary, landform features used in the Alberta oil sands to improve landform safety and/or habitat
quality for wildlife are primarily focused on revegetation. However, as some sites may prove difficult for
revegetation in the arctic, the Alberta approach to mine reclamation provides some relevant examples of
closure planning and for the creation of wildlife habitat at arctic mines. These may include:


Structurally complex, rocky areas, piles and woody debris that provide cover from predators;



Snags, dead standing trees or pit walls for nesting and perch sites; and,



Bare gravel sites that may provide nesting habitat for bird species that prefer nesting on bare
ground.

3.0

TRADITIONAL KNOWLEDGE SUMMARIZED IN LITERATURE

As part of development of the Gahcho Kué Environmental Impact Statement (EIS) (De Beers, 2010), De
Beers reviewed TK summarized in existing literature, reviewed TK obtained during the Snap Lake Mine
environmental assessment, and conducted discussions with Elders from the Lutselk’e Dene First Nation
(LKDFN) to obtain TK site-specific to the Gahcho Kué area. Within the EIS, the TK information was used
identify potential effects, environmental design considerations, and mitigations to limit impacts to the
environment.
Specific to final landform features with relevance to wildlife, the following main points were noted from the
EIS’s summary of TK (De Beers, 2010):


Eskers are important transportation corridors, are used as denning habitat for many species,
including wolverine, wolf and whitefox, and their varied plant life attracts animals such as caribou
and grizzly bear.



The tundra and barrenlands are important habitat for nesting by birds;
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Rocky barrenlands provide an important habitat and food source, notably berries, for wildlife such
as hare/ground squirrel and ptarmigan;



Treeline marsh is important habitat for moose, muskrat, and beaver; and,



Roads may cause difficulty for, or injury to the caribou.

A full listing of the environmental design features and mitigation measures that have been implemented to
address Indigenous concerns about plant contamination and wildlife habitat are found in Section 11.7.3 of
the EIS (De Beers, 2010). From this list, final landform features specific to controlling wildlife access,
improving safety and/or habitat quality are compiled below:


Use of soil, overburden, and lakebed sediments at closure which will aid in recovery of the natural
vegetation communities and associated wildlife habitat;



Transportation corridors and the airstrip scarified and loosened to encourage natural revegetation,
and re-contoured where required which will improve wildlife safety and habitat;



Disturbed areas revegetated which will improve wildlife habitat; and,



Coarse PK Pile shaped and covered with a layer of mine rock to limit surface erosion and physically
isolate the waste.

Additional TK documented in literature from other applicable mines, notably Diavik (DDMI, 2017, 2018) and
Ekati (DDEC, 2018), identify the following landform features that may be used for wildlife access control,
safety or improvements to habitat quality:


Use of wildlife ramps for caribou access/egress;



Use of boulders to provide shade for caribou, create habitat for small mammals and encourage
natural revegetation;



Use of steep areas to encourage snow accumulation for wolverine and other denning wildlife;



Use of fine crushed rock along travel routes to protect the feet of caribou;



Use of flags, trees, inukshuks to deter caribou away from unsafe areas;



Use of shallow slopes and flat areas to support safe travel for wildlife;



Avoidance of revegetation to not attract wildlife to unsafe areas; and,



Use of eskers by caribou to provide an escape from pests and predators, as an emergency birthing
ground, are part of migratory routes, and provide preferred food sources.

Additional engagement and feedback with community groups will be completed to advance Task 3 of the
final landform options research program within the Gahcho Kué ICRP (De Beers, 2019). Engagement will
seek to further understand the preferences for each mine component with respect to habitat function for
key wildlife species, future land use and aesthetics, wildlife safety, landform features and areas of
revegetation. Any TK collected during engagement will be used to further inform the final design of the
landform features.

4.0

OPTIONS FOR LANDFORM FEATURES THAT SUPPORT OR
RESTRICT WILDLIFE HABITAT

Based on the information collected in Sections 2.0 and 3.0, all options for landform features that support or
restrict wildlife habitat, their physical characteristics and habitat function, and the benefit(s) to wildlife
habitat, were compiled and summarized in Table 2.
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Table 2. Summary of landform features to support or restrict wildlife habitat.
Type

Landform Feature

Physical Characteristics

Habitat/Landform Function

Benefit to Wildlife Habitat

Supportive

Cover

Rock or soil
Fine grain size

Safe travel/use.

Reduce barriers to movement.
Reduce risk of physical harm.
Reduce interaction with waste
materials.
Reduce dust and increase
palatability of vegetation.

Shallow slopes

Slopes no steeper than 2H:1V or
benched.

Safe travel/use.
Access to high ground to escape
from pests and predators.

Reduce barriers to movement.
Reduce risk of physical harm.
Reduce hiding places for predators.
Provide escape routes.

Access/egress ramps

Smooth surface.
Fine surface grain size.
Slopes no steeper than 3H:1V.

Safe travel/use.
Access to high ground to escape
from pests and predators.

Reduce barriers to movement.
Reduce risk of physical harm.
Reduce hiding places for predators.
Provide escape routes.

Smooth surfaces, flat areas,
bare gravel areas

Rock or soil.

Safe travel/use.
Nesting sites for birds.

Reduce barriers to movement.
Reduce hiding places for predators.

Scarified/roughened surfaces

Decompacted surface.
Boulders, logs, woody debris.

Shade for caribou.
Shelter for small mammals.

Provides shelter, encourages
revegetation, and supports
development of food sources.

Revegetated areas

Native species.
Diverse species.
Temporally diverse.
Spatially diverse.
Connections between patches
(e.g., vegetated corridors or
stepping stones).
Layer of topsoil, black muck, other
organic materials and fine soils.

Shelter for wildlife.
Food source.

Stabilizes surfaces and reduces risk
of physical harm.
Provides shelter.
Encourages natural regeneration.
Supports development of food
sources.

Log/brush/boulder/gravel piles

Shallow slopes.
Low height.

Shelter for wildlife.
Nesting sites for birds.

Provides cover for wildlife and
nesting for birds.
Encourages revegetation.

Wetlands, littoral zones

Shallow depressions on slopes or
flat areas left to infill.

Wetland/riparian and aquatic
habitat.

Encourages revegetation.
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Type

Restrictive

Landform Feature

Physical Characteristics
Shallow gradients along
shorelines and pit lakes.
Logs and woody debris along
pond bottom and slope.

Habitat/Landform Function

Benefit to Wildlife Habitat
Enhances diversity of habitat types,
plant communities and food sources
to support a variety of wildlife.
Provides habitat for fish prey (i.e.,
insects), protection for spawning
substrate (loose gravels), and
greater food availability.

Undulations, depressions, hills,
swales, drainages

Gentle slopes, shallow
depressions infilled with water,
low hills, convoluted natural
drainage patterns.

Shelter for wildlife.
Wetland/riparian habitat.
Upland habitat.

Enhances diversity of habitat types,
plant communities and food sources
to support a variety of wildlife.
Creates separations to allow wildlife
to develop distinct territories.

Steep slopes, exposed mine
cuts

Steep slope.
Gravel

Nesting sites for birds.
Shelter for wildlife.

Provides niches for raptors to nest.
Provides for denning by muskrats
and beaver lodge construction.
Encourages snow accumulation for
denning wildlife.

Snags

Dead standing trees, power poles,
etc.

Nesting/perching sites for birds.

Provides nesting/perches for birds.

Rock berm, boulder barrier

Rock berm with steep outer face
and shallow inner face.
Rock pile on ramps.
Boulder line.

None.

Deter access to unsafe areas.
Reduce risk of physical harm.
Reduce interaction with waste
materials.
Enable escape if crossed.

Steep slopes

Slopes no shallower than
1.5H:1V.

None.

Deter access to unwanted areas.

Unvegetated/barren areas

Little to no vegetative cover.

None.

Avoid attracting wildlife towards
unsafe areas.
Reduce risk of physical harm.
Reduce interaction with waste
materials.

Scarified/roughened surfaces

Rough, uneven surface.
Coarse material.

None.

Deter access to unwanted areas.
Reduce risk of physical harm.

Flags/trees/inukshuks

Line of flagging tape, poles, etc.
Dense tree line.
Line of inukshuk rock structures.

None.

Deter access to unwanted areas.
Reduce risk of physical harm.
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Type

Landform Feature

Physical Characteristics

Habitat/Landform Function

Benefit to Wildlife Habitat

Sealed underground access
points

Portals, vents and other access
points backfilled with rock or
plugged with concrete.

None.

Prevent access to unsafe areas.
Reduce risk of physical harm.
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5.0

LANDFORM OPTIONS FOR GAHCHO KUÉ

A summary of landform features for select mine components at Gahcho Kué are provided in Table 3. Focus
is on landform features associated with rock piles, PK piles, and infrastructure areas, as these will constitute
the primary areas considered for wildlife habitat and safety at Gahcho Kué due to their being the main
features remaining following final closure. The open pits will not be considered herein for they are contained
within Kennedy Lake, which will be flooded at closure and not accessible to wildlife. The recommendations
can be used to inform final site design, habitat function and stakeholder engagement during development
of the Mine’s final closure and reclamation plan.
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Table 3. Landform options for select Gahcho Kué mine components.
Mine
Component

Feature Status

Landform
Type

Landform Feature

Discussion

Mine Rock Piles
and Coarse PK
Pile

Feature currently
included as part of
final conditions
identified in ICRP
v4.1.

Supportive

Benched side slopes (mine
rock piles).
Overall slope of 2.4H:1V to
2.6 (mine rock piles) or
2H:1V (CPK Pile)

Leaving the existing benched slopes intact at an overall slope of
maximum 2.4 to 2.6H:1V at the mine rock piles, and slopes left at
2H:1V at the CPK Pile, as per the construction plans, will allow for
wildlife movement over the piles, reducing the difficulty of the
climb and risk of harm from falls, and provide a high point to
escape from insects and spot predators.
Steep bench side slopes may also provide nesting for birds and
encourage snow accumulation for denning wildlife.

Supportive

Smooth, unroughened
surface, flat top

Leaving the surface unroughened and top flat will provide safer
footing, reduce difficulty of crossing the piles.

Restrictive

Unvegetated

Leaving the pile surfaces un-revegetated will reduce their
attractiveness to wildlife, thus reducing their use by wildlife and
the risk for physical harm from potential falls down the slopes or
bad footing on the uncovered waste rock.

Supportive

Ramps

Leaving the haul roads intact along the pile sides would provide
access/egress ramps that are shallower and smoother relative to
the slopes, further facilitating wildlife movement over the piles.

Supportive

Cover

Placement of a cover of mine rock over the Coarse PK Pile as per
the closure plan would restrict access by wildlife to PK material.
A smooth, compacted rock cover would also provide for safer
footing, reducing difficulty of crossing the pile, thus reducing risk
for physical harm and facilitate movement.

Supportive

Revegetated

Revegetating the surfaces would enhance the habitat of the piles,
providing shelter and food, and thus attract wildlife to their use.

Supportive

Log/brush/boulder/gravel
piles

Placement of various piles of logs, brush, boulders and/or gravel
across the pile surface would enhance the habitat for wildlife and
encourage revegetation.

Restrictive

Scarified, roughened
surface

Although a scarified or debris strewn surface may enhance the
habitat for small mammals and encourage revegetation, the
rough uneven footing would deter caribou from moving on and
over the pile, reducing risk of physical harm.

Restrictive

Berm, barriers

A perimeter rock berm or boulder line placed around the piles,
and/or blocking the haul roads with waste rock would deter
access by wildlife, reducing risk of physical harm.

Additional landform
options as identified
in Table 2.
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Mine
Component

Fine PKC
Facility

Feature Status

Feature currently
included as part of
final conditions
identified in ICRP
v4.1.

New landform
options as identified
in Table 2.

Landform
Type

Landform Feature

Discussion

Restrictive

Flags/trees/inukshuks

Placing a flag, tree or inukshuk line around the piles would help to
deter wildlife, reducing risk for physical harm.

Supportive

Cover

Covering the fine PK as per the closure plan will prevent access
by wildlife to PK material and physically isolate the PK.
A smooth, compacted rock cover will also provide for safer
footing, reducing difficulty of crossing the facility, thus reducing
risk for physical harm and facilitate movement.

Supportive

Outer dam slopes of
2.5H:1V

Leaving the outer Dyke A1 dam slope intact at 2.5H:1V as per the
construction plan will allow for wildlife movement over the PK
facility, reducing the difficulty of the climb and risk of harm from
falls, and provide a high point to escape from insects and spot
predators.

Supportive

Smooth, unroughened
surface, flat top

Leaving the surface unroughened and top flat will provide safer
footing, reduce difficulty of crossing the facility as well as reduce
hiding spots for predators.

Restrictive

Outer dam slopes of
1.5H:1V

Leaving the outer Dyke L dam slope intact at 1.5H:1V as per the
construction plan will deter wildlife from entering the facility and
crossing over the PK
Steep side slopes may however also provide nesting for birds and
encourage snow accumulation for denning wildlife.

Restrictive

Unvegetated

Leaving the facility surface un-revegetated will reduce its
attractiveness to wildlife, thus reducing its use by wildlife.

Supportive

Revegetated

Revegetating the surface will enhance the habitat of the facility,
providing shelter and food, and thus attract wildlife to their use.

Supportive

Log/brush/boulder/gravel
piles

Placement of various piles of logs, brush, boulders and/or gravel
across the facility surface will enhance the habitat for wildlife and
encourage revegetation.

Supportive

Undulations, depressions,
hills, swales, drainages

Grading a variety of landform shapes on the surface of the facility
will enhance diversity of habitat types, plant communities and
food sources to support a variety of wildlife, as well as create
separations to allow wildlife to develop distinct territories.

Restrictive

Scarified, roughened
surface

Although a scarified or debris strewn surface may enhance the
habitat for small mammals and encourage revegetation, the
rough uneven footing will deter caribou from moving on and over
the facility.

Restrictive

Berm, barriers

A perimeter rock berm or boulder line placed around the facility
will deter access by wildlife, reducing risk of physical harm.
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Mine
Component

Infrastructure
Areas, Roads,
Airstrip

Feature Status

Feature currently
included as part of
final conditions
identified in ICRP
v4.1.

New landform
options as identified
in Table 2.

Landform
Type

Landform Feature

Discussion

Restrictive

Flags/trees/inukshuks

Placing a flag, tree or inukshuk line around the piles will help to
deter wildlife.

Supportive

Maximum slopes 2H:1V

Regrading slopes to a maximum 2H:1V will allow for wildlife
movement over infrastructure pads, roads and the airstrip,
reducing the difficulty of the climb and risk of harm from falls, and
provide a high point to escape from insects and spot predators.

Supportive

Revegetated

Revegetating the surfaces will enhance the habitat of the mine
site, providing shelter and food, and thus attract wildlife to their
use.

Restrictive

Scarified, roughened
surface

Although a scarified or debris strewn surface may enhance the
habitat for small mammals and encourage revegetation, use of
scarification along select sections and areas will create rough
uneven footing that will deter caribou away from certain unsafe
areas and towards selected travel corridors leading to higher
quality habitat.

Supportive

Smooth, unroughened
surface, flat areas

Leaving intact surfaces unroughened and flat at select areas will
create wildlife corridors to facilitate movement across site. These
corridors would provide safer footing, reduce difficulty of crossing
the mine site and help direct wildlife away from less safe areas
and towards better quality habitat.

Supportive

Ramps

Pushing out the sides of pads, roads and the airstrip at select
points will provide access/egress ramps that are shallower and
smoother relative to the side slopes, further facilitating safe
wildlife movement across site.

Supportive

Log/brush/boulder/gravel
piles

Placement of various piles of logs, brush, boulders and/or gravel
across the pile surface will enhance the habitat for wildlife and
encourage revegetation.

Supportive

Undulations, depressions,
hills, swales, drainages

Grading a variety of landform shapes on the surface of the mine
site infrastructure will enhance diversity of habitat types, plant
communities and food sources to support a variety of wildlife, as
well as create separations to allow wildlife to develop distinct
territories.

Supportive

Snags, dead standing
trees, power poles

Leaving dead trees or power poles intact at the mine site can
provide nesting and perching habitat for birds.

Restrictive

Steep slopes of 1.5H:1V

Leaving select steep slopes intact or regrading to 1.5H:1V will
deter wildlife away from unsafe areas and towards selected travel
corridors leading to higher quality habitat.
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Mine
Component

Feature Status

Landform
Type

Landform Feature

Discussion
Steep side slopes may however also provide nesting for birds and
encourage snow accumulation for denning wildlife.

Restrictive

Berm, barriers

A rock berm or boulder line or field placed at select areas will
deter access by wildlife, helping to direct them away from unsafe
areas and along selected travel corridors towards higher quality
habitat.

Restrictive

Unvegetated

Leaving select surfaces un-revegetated will reduce their
attractiveness to wildlife, thus helping to direct wildlife away from
unsafe areas and along selected travel corridors towards higher
quality habitat.

Restrictive

Flags/trees/inukshuks

Placing a flag, tree or inukshuk line at select areas will help to
deter wildlife away from unsafe areas and towards selected travel
corridors leading to higher quality habitat.
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6.0

CONCLUSIONS

This report provides practical best management practices and options for landform features at the mine
rock piles, PK piles, and infrastructure areas at the Gahcho Kué Mine associated with safe use and
potentially improve habitat quality for caribou and other local wildlife, or alternatively to restrict wildlife
habitat. It is based on a desktop review of reclamation approaches proposed by or implemented at other
comparable mines, as well as available literature reported best management practices and Traditional
Knowledge. From a review of practices at other mines, there was no clear advantage or benefit for
permitting wildlife (e.g., ungulates) access onto mine piles.
The contents of this report fulfill the requirements of Task 1 of the ICRP’s wildlife landform options research
program. Next steps will be to complete the research program as per the ICRP (De Beers, 2019a), which
involves assessment of habitat suitability and community engagement. Outcomes from the research
program will be applied to inform final closure designs and plans as well as criteria for minimum level of
wildlife use.

7.0

CLOSING

This report has been prepared exclusively for the use of De Beers Canada Inc. for the specific application
described within this report. The details provided in this report are for general information purposes only.
The information and recommendations contained in this report should not be used for any other purpose,
at another location, or by any other parties. Any use of, or reliance on this report by any third party is at that
party’s sole risk. ARKTIS assumes no responsibly for inappropriate use of the contents of this report, and
disclaims all liability arising from negligence or otherwise. General terms and conditions are provided in
Appendix A.
ARKTIS SOLUTIONS INC.

Jamie Van Gulck, Ph.D., P.Eng.
Chief Technical Officer, Principal

Drew Stavinga, P.Geo., M.Sc.
Environmental Specialist

24

DE BEERS CANADA INC., GAHCHO KUÉ MINE
FINAL LANDFORM OPTIONS FOR WILDLIFE HABITAT

8.0

REFERENCES

AANDC (Aboriginal Affairs and Northern Development Canada), 2013. Port Radium Mine (Remediation
Complete). Presented at Government of Canada, Ottawa.
AANDC, 2012. Colomac Mine Remediation Project: Post-Reclamation Monitoring and Residual
Hydrocarbon Remediation Management Plan. Aboriginal Affairs and Northern Development
Canada - Contaminants and Remediation Directorate: Ottawa.
AESRD (Alberta Environment and Sustainable Resource Development), 2012. Criteria and Indicators
Framework for Oil Sands Mine Reclamation Certification. Prepared by Mike Poscente and Theo
Charette of Charette Pell Poscente Environmental Corporation for the Reclamation Working Group
of the Cumulative Environmental Management Association (CEMA), Fort McMurray, AB.
September.
Alberta Environment, 2009. Guidelines for Reclamation to Forest Vegetation in the Athabasca Oil Sands
Region, 2nd Edition. Prepared by the Terrestrial Subgroup of the Reclamation Working Group of
the Cumulative Environmental Management Association, For McMurray, Alberta. December.
Axys, 2003. Literature Review of Reclamation Techniques for Wildlife Habitats in Boreal Forest. Prepared
for Biodiversity and Wildlife Subgroup of the Reclamation Working Group, Cumulative
Environmental Management Association, Fort McMurrary, Alberta.
Benson, S.A., 2002. Reclaiming Wildlife Habitat at the Buckskin Mine. In: Proceedings of the 19th National
Meeting of the American Society of Mining and Reclamation, Lexington Kentucky, June 9-13, 2002.
BLM (Bureau of Land Management), 1992. Solid Minerals Reclamation Handbook (BLM Manual H-30421). U.S. Department of the Interior, Bureau of Land Management.
Buehler, D.A., Percy, K., 2012. Coal Mining and Wildlife in the Eastern United States: A Literature Review.
University of Tennessee, Institute of Agriculture, Knowxville, Tennessee.
CEMA (Cumulative Environmental Management Association), 2014. Guidelines for Wetland Establishment
on Reclaimed Oil Sands Leases. 3rd Edition. Cumulative Effects Management Association, Fort
McMurray, Alberta.
Chevreux, A., Clarkson, R., 2015. Best Management Practices for Placer Mining in Yukon Wetlands Recommendations and Guidelines, Background Document. Klondike Placer Miners’ Association.
November.
Cumberland Resources Ltd., 2005. Meadowbank Gold Project - Reclamation and Closure Plan.
DDEC (Dominion Diamond Ekati Corporation), 2018. EKATI Diamond Mine, Interim Closure and
Reclamation Plan Version 3.0. August.
DDMI (Diavik Diamond Mines Incorporated), 2018. Diavik Diamond Mine, Interim Closure and Reclamation
Plan - Waste Rock Storage Area - North Country Rock Pile - Version 1.2. February.
DDMI, 2017. Diavik Diamond Mine, Closure and Reclamation Plan - Version 4.0. April.
De Beers (De Beers Canada Inc.), 2020. Gahcho Kué Mine - 2020 Updated Project Description. February.
De Beers, 2019a. Gahcho Kué Mine - Interim Closure and Reclamation Plan - Version 4.1.
De Beers, 2019b. Snap Lake Mine, Final Closure and Reclamation Plan. March.
De Beers, 2010. Gahcho Kué Mine - Environmental Impact Statement. December.
Eaton, B.R., Fisher, J.T., McKenna, G.T., Pollard, J., 2014. An Ecological Framework for Wildlife Habitat
Design for Oil Sands Mine Reclamation (OSRIN Report No. TR-67). Edmonton, AB: Oil Sands
Research and Information Network, University of Alberta, School of Energy and the Environment.
December.
EBA, 2011a. Case Study of Brewery Creek. Government of Yukon - Energy, Mines, and Resources.
EBA, 2011b. Interim Closure and Reclamation Plan Jericho Diamond Mine, Nunavut. Shear Diamonds Ltd.
Eccles, T.R., Salter, R.E., Green, J.E., 1988. A Proposed Evaluation System for Wildlife Habitat
Reclamation in the Mountains and Foothills Biomes of Alberta: Proposed Methodology and
Assessment Handbook. Prepared for The Mountains Foothills Reclamation Research Program by
The Delta Environmental Management Group.
Green, J.E., Salter, R.E., Walker, D.G., 1986. Wildlife Habitat Requirements and Reclamation Techniques
for the Mountains and Foothills of Alberta. Alberta Land Conservation and Reclamation Council,
Reclamation Research Technical Advisory Committee, Edmonton, Alberta. Report # RRTAC 869.

25

DE BEERS CANADA INC., GAHCHO KUÉ MINE
FINAL LANDFORM OPTIONS FOR WILDLIFE HABITAT

Green, J.E., Van Egmond, T.D., Wylie, C., Jones, I., Knapik, L., Paterson, L.R., 1991. A User Guide to Pit
and Quarry Reclamation in Alberta. Alberta Land Conservation and Reclamation Council,
Reclamation Research Technical Advisory Committee, Edmonton, Alberta. Report # RRTAC 913.
MacCallum, B., 2003. Reclamation to Wildlife Habitat Alberta’s Foothills. In: 27th Annual British Columbia
Mine Reclamation Symposium, Kamloops, British Columbia, September 15-18, 2003.
McKee, G., 2007. Wildlife Mitigation Techniques at Surface Coal Mines in Northeast Wyoming. In: National
Meeting of the American Society of Mining and Reclamation, Gillette, Wyoming, USA, June 2-7,
2007.
McKenna, G.T., 2002. Landscape Engineering and Sustainable Mine Reclamation. Ph.D Thesis. University
of Alberta, Department of Civil and Environmental Engineering, Edmonton, Alberta, Canada.
Parrish, T.L., Anderson, S.H., 1994. Handbook of Methods to Reclaim Wildlife Habitat on Surface Mines in
Wyoming. Wyoming Cooperative Fish and Wildlife Research Unit, Laramie, Wyoming.
Pearse, T., 2006. Closure of the Colomac Mine - a First Nations - Mine Owner Collaboration Tlicho
Government: Mayne Island, BC.
Poscente, M., 2009. Framework for Reclamation Certification Criteria and Indicators for Mineable Oil
Sands. Cumulative Environmental Management Association (CEMA). December.
Rescan, 2013. RP 7.2 Wildlife Closure Objectives and Criteria, Tasks 1 and 2 - Review of Existing Mines
and the Ekati Wildlife Effects Monitoring Program.
Tashe, N., 2012. Evolution of Reclamation for Wildlife Habitat at Sulphide Mines in British Columbia,
Canada. Maine Metallic Minerals Conference, Orono, Maine, USA, November 2012.

26

DE BEERS CANADA INC., GAHCHO KUÉ MINE
FINAL LANDFORM OPTIONS FOR WILDLIFE HABITAT

APPENDIX A: GENERAL TERMS AND CONDITIONS

DE BEERS CANADA INC., GAHCHO KUÉ MINE
FINAL LANDFORM OPTIONS FOR WILDLIFE HABITAT

USE OF REPORT
This report pertains to a specific site, a specific development, and a specific scope of work. It is not
applicable to any other sites, nor should it be relied upon for types of development other than those to which
it refers. Any variation from the site or proposed development would necessitate a supplementary
investigation and assessment.
This report and the assessments and recommendations contained in it are intended for the sole use of
ARKTIS Solutions Inc.’s (ARKTIS) client. ARKTIS does not accept any responsibility for the accuracy of
any of the data, the analysis or the recommendations contained or referenced in the report when the report
is used or relied upon by any party other than ARKTIS’ client unless otherwise authorized in writing by
ARKTIS. Any unauthorized use of the report is at the sole risk of the user.
LIMITATIONS OF REPORT
This report is based solely on the conditions which existed on site at the time of ARKTIS’ investigation. The
client, and any other parties using this report with the express written consent of the clients and ARKTIS,
acknowledge that conditions affecting the environmental assessment of the site can vary with time and that
the conclusions and recommendations set out in this report are time sensitive.
The client, and any other party using this report with the express written consent of the client and ARKTIS,
also acknowledge that the conclusions and recommendations set out in this report are based on limited
observations and testing on the subject site and that conditions may vary across the site which, in turn,
could affect the conclusions and recommendations made.
The client acknowledges that ARKTIS is neither qualified to, nor is it making, any recommendations with
respect to the purchase, sale, investment or development of the property, the decisions on which are the
sole responsibility of the client.
During the performance of the work and the preparation of this report, ARKTIS may have relied on the
information provided by persons other than the client. While ARKTIS endeavors to verify the accuracy of
such information when instructed to do so by the client, ARKTIS accepts no responsibility for the accuracy
or the reliability of such information which may affect the report.
STANDARD OF CARE
Services performed by ARKTIS for this report have been conducted in a manner consistent with the level
of skill ordinarily exercised by members of the profession currently practicing under similar conditions in the
jurisdiction in which the services are provided, subject to the time limits and financial and physical
constraints applicable to the services. Professional judgment has been applied in developing the
conclusions and/or recommendations provided in this report. No warranty or guarantee, express or implied,
is made concerning the test results, comments, recommendations, or any other portion of this report.
ALTERNATE REPORT FORMAT
Where ARKTIS submits both electronic file and hard copy versions of reports, drawings and other project
related documents and deliverables (collectively termed instruments of professional service), the Client
agrees that only the signed and sealed hard copy versions shall be considered final and legally binding.
The hard copy versions submitted by ARKTIS shall be the original documents for record and working
purposes, and, in the event of a dispute or discrepancies, the hard copy versions shall govern over the
electronic versions. Furthermore, the Client agrees and waives all future right of dispute that the original
hard copy signed version archived by ARKTIS shall be deemed to be the overall original for the Project.
The Client agrees that both electronic file and hard copy versions of instruments of professional services
shall not, under any circumstances, no matter who owns or uses them, be altered by any party except
ARKTIS. The Client warrants that instruments of professional services will be used only and exactly as
submitted by ARKTIS.

