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Preface

On June 1, 2018gnico Eagle Mines and the University of Saskatchewan were successful in receiving a

Natural Sciences and Engineering Research Council (NSERC) Collaborative d&edeavetiopment
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& Jsife fand fllzialiodg idséarchd ffom June 2018 to June 2022. The primary

objective of this research is to addre3®rm and Condition no. 41 of the Project Certificate for the

Meliadine site:d tior to the commencement of operations, the Proponent shall develop a progressve
re-vegetation program for disturbed areas that are no longer required for operations, such program

to incorporate measuresfor the use of test plots, reseeding and replanting of native plants as

neced a I S&Everdl additional scientific objectives that support frisnary objectivewill also be

examinedi) Characterization of initial and realized niches of biological soil crusts and tundra vascular

plants across a chronosequence of naturally recolonized drilling waste dun@isaigcterization of
initial and realized niches of actively restored biologsal crusts ordisturbed substratesi)
Characterization of initial and realized niches of actively restored tundra vascular pladittwied
substrates In addition to the scientific work, the project will include the developinaina youth
educationprogram andocal community engagement Rankin Inlet and Baker Lake, NU.

Below is a summary timeline fliey project activities and deliverables. Fotimeline including all
activities and deliverabkesee Appendix A.

Milestone Description of activids Anticipated | Anticipated
starting completion
date date

Natural Study natural recolonization of drilling waste dumps | 201806-01 | 201908-31

recolonization| 2-17 yrs old by biologicab# crusts and vascular plants

of drilling Specific recommendatiorsf species forestoration will

wastes be developed.

Active Transplanting of tundra plugshredded surface layers | 2019-06-01 | 2021-08-31

restoration and biological soil crustmto disturbed substrates.

with tundra Specific recommendatiaof restoration practie and

surface layers| species forestoration will be developed.

Youth Collaboratively develop and deliver an education 201901-31 | 2021-01-31

education program onsite for one week in 2019 and 20%r

program youth fromRankin Inlet and Baker Lakd JNr'he

program wil focus on arctic edogy, restoration and
skills inenvirormental monitoring and research.

Community | We will hold community meetings in Rankin Inlet and | 201906-01 | 2021-08-31

meetings Baker Lake. Working thi Agnico's community relations

department wewill identify key groups to host. Our
research and restoratioaf tundra environments will be
presented and discussed

Website Creation of project website providing informationto | 201908-31 | 202206-01

development | restoration pratitioners andthe publicon generahrctic

ecobgy and restoration practice the North, as well as
key findings from the research.




Technical
reports
for Agnico
Eagle

Detailed technical reports for AEM on the restoration
techniques examined. @lelinesand standard
operatingprocedures for orgoing monitoring will be
included.Preliminary report Jamary 2021, final report
January2022. Yearlyprogresseports November 2018
2021

201811-30

2022-06-01




Executive Summary

Thistechnical report directly addressthe first of several objectives associated wétiNatural Sciences

and Engineering Research Council (NSERC) Collaborative and Research Developnhedd gsant

Agnico Eagle Mines and the University of SaskatcheWsd NI y i Sy GA Gt SR a ¢ dzy RNl  w!
construction in early successional plan2 A £ & & a i S Y a-gite and l&bbratarydasitalzNGom 2 y

June 2018 to June 202Zhe primary objedte of this research is to addre3®rm and Condition no. 41
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Proponent shall develop a progressve re-vegeiation program for disturbed areas that are no longer

required for operations, such program to incorporate measuresfor the use of test plots, reseeding and

replanting of native plants as necessarye The specific objective addressin the following technical

report is the daracterization of initial and realized niches of biological soil crusts and tundra vascular

plants across a chronosequence of naturally recolonized drilling waste duftys work was completed

in summer 2018.

A total of 25 drilling waste sites were examined across a range of ecotypes includilyinigpw
hummockhollow complexes dominated by sedges, upland humrdalow complexes dominated by
heath and upland licheheath often with frost boil featuresFollowing delineation of each drilling
waste site, a transect was placed along the long axis of the waste site and three survey ptptseiam
placed at the center of this transect. In addition, at eaitl a control transect was placed at least 10 m
from the edge of the drilling wastendthree adjacent 1 rhplots were placed in undisturbed vegetation
of the same type, slope and aspect as the disturbed afidee percent cover of all vegetation species
present was estimated by eye and the drilling waste arghnic matter depth was measured in the
center of each plot.

We found that mtural revegetation of drilling wastes is occurring at the Meliadine Site
community composition between drilling wastes and the paired undisturbed tundra was simit& 20
years post disturbance and species richness recovered within 6 years. Due to the different life history
characteristic®f tundra plants, individual species responses to disturbance were observed. While
sedges and mosses may recover more rapidly osdlukilling wastes, dwarf shrubs and lichens may
require longer to recover. These trends in natural recovery are important for guiding future restoration
efforts and techniques. Specifically, targeting sedge and moss species for transplanting andfag seed
of disturbed substrates may be a highly effective strategy for initiating the development of early
successional tundra communities.

Based on our findings we provitlee followingsuggestions to improve and/or maintain the
relatively rapid natural rexgetation of the drilling wastes) Placement of drilling wastes on the
landscape that allow for remnant patches or islands of intact tundra throughout the disturbegirea
Apply drilling wastes in thin layets allow forvegetative establishmenard iii) Promote establishment
of bryophytecommunities in the early stages of revegetattorsupportlongterm ecosystem recovery.

Given the findings of this study we suggest that active restoration of the drilling wastes is likely
not required for the recovery of the tundra plant communities, if the timeline for recovery is ~20 years.
Therefore, in our orgoing work to develop tundra restoration techniques, we suggest developing active
restoration trials at other disturbed areas dnet Meliadine site.

Vi



Drilling WasteSite Description

Ecotypes

A total of 25 drillingvastesiteswere examined across a range of ecotypes includinglyavg
hummaockhollow complexeslominated by sedgesipland hummockollow complexesiominated by
heathand upland lichetheath often with frost boil featuresLowlying hummockhollow complexes
dominated by sedges were characterized by high soil moisture, often with standing water surrounding
hummockhollow complexes of approximately 30 cm in height. pheary vegetation found in this
ecotype wadryas integrifoliaCarex aquatilisandScorpidium scorpioidegpland hummockhollow
complexes were similar in size to léying complexes, however due to a high landscape position had
drier soil onditions and were dominated byRhododendron lapponicum, Loiseleuria procumbens
Cassiope tetragonand species ofetrarialichen.The upland heath ecotype were typically associated
with upper slope locations and well developed frost boil features. The primastatégn inthe upland
heath ecotype wagé\lectoria ochroleugaCassiope tetragond omentupnum nitensnd species of
Cetrarialichen.

Drilling wastesiteswere grouped by time since drilling and included sites created in 1993; 1997
1998, 2008, 201:2013and 2017(n=5 per age grougJigure 1) Of the sites survey, 5 werelow-lying
sedge 9 upland heath 7 transitional between lovlying sedgeand upland heathand4 licherheath
ecotypeg(Figures 2 and J,able 1) Ecotypes were not equally represented across age categories
becausdrilling tended to be localized within the landscdpea givenyear. Older sites (1993, 1997
1998) occurred more frequently in lolying sedge and sedgeath transitions, while fouof the five
2017siteswere inlichenheath tundra. Due to the nature of drilling, some site® sampledvere
spatially clustered togéer (i.e. 2008and 201 7sites)
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Figurel. Map of drilling wastareassampled in 2018Theyear of drilling is given for each of the sites
surveyed. The Meliadine site is shown for reference and all drilling waste sites were outside of the mine
footprint.



Tablel. Drilling waste areas surveyed for naturabegetation. Site name, location, year and ecotype of
each area surveyed included Ecotypes are described as lying sedge hummoekollow (SH),

upland heath hummockollow (HH) and upland lichemeath (LH). Some drilling waste areas were in
transtional areas between ecotypes (SH/HH).

Site Location (UTM) Year Ecotype
W93-29 15V 0541749 6986813 1993 SH
W93-30 15V 0541809 6967640 1993 SH
W93-32 15V 0541948 6986649 1993 SH
w9340 15V 0541439 6987661 1993 SH/HH
w9344 15V 0541647 6986830 1993 SH
M97-155 15V 0540844 6986435 1997 HH
M98-230 15V 0541609 6986957 1998 HH
M98-242 15V 0541675 6986906 1998 SH/HH
M98-243 15V 0541385 6987129 1998 SH/HH
M98-244 15V 0541874 6986759 1998 SH
MO08-729 15V 0542342 6986377 2008 HH
MO08-734 15V 0542295 6986320 2008 SH/HH
MO08-735 15V 0542344 6986314 2008 SH/HH
MOS8-740 15V 0542435 6986305 2008 HH
MO08-741 15V 0542427 6986240 2008 HH
M12-1528 15V 0541565 6986959 2012 HH
M12-1860 15V 0541625 6986905 2012 HH
M12-1863 15V 0541720 6986994 2012 HH
M13-1948 15vV0540492 6986413 2012 SH/HH
GT1371 15V 0540477 6986460 2013 SH/HH
M17-2394 15V 0540298 6986710 2017 LH
M17-2395 15V 0540375 6986656 2017 LH
M17-2396 15V 0540500 6986571 2017 LH
M17-2398 15V 0540455 6986519 2017 LH
M17-2415 15V 0540371 6986700 2017 HH




Figure2. Lowlying sedge hummoeckollow (M9330) (left) and upland heath hummodtiollow (M12
1860) (right).



Figure3. Transitional form lowying sedge hummaockollow to upland heath (M08 35) (left) and
upland lichen heath (M12396) (right).

Delineationof Drilling Waste Sites

The approximate area of each drilling waste was delineatedy determining the extent of drilling
waste at each location. Thmeserce ofdrilling waste wagither observedon the surface or below the
surfaceby diggingup to~15 cm in depth. The average size of the drilling wsiséswas 21 m x 9 m or
189 nt. The largest drilling waste area sampled was from 1993 {3298vith an area 01472 nt. On
averagethe 2008 drilling wastasites surveyedhad the smallest are&{ n¥). In generalolder drilling
waste sites were covered withore vegetation and at times were difficult to locate. However, even at
sites created in 1993 small patches of drilling waste vpeesent at the surface (Figurg.4Newer

drilling waste sitesi. 1-5 years old) generally had large patches of wagible at the surface (Figure

5).






















































