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T’at’u déttisi
e Ediri Béghari
e Eik’ési Béghg Détt'is chu Nénét') ha

e Nénét'i, T'ahi Yenirinisi chu T'alye hasi
e Nih Tu T'anétt'é
o Nih Ho?tén |taghé néné k'éyaghé
o Nih yoriidédhi Asi Adel Boghédi
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Mandate (k)

e Natural Resources Canada (NRCan) is a federal department
responsible for ensuring the country’s natural resources are
developed sustainably, competitively and inclusively.

e NRCan is a science-based department, with nearly half of its employees being scientists,
engineers or technicians.

e NRCan scientists are conducting research on permafrost, groundwater, mine waste
characterisation and management as well as environmental dispersal and effects associated with
acid rock drainage and/or metal leaching.

e NRCan also provides scientific support to organizations that advance knowledge in mine waste
management, including in areas such as prevention and control of acid rock drainage and metal
leaching, disposal technologies, mine water treatment.
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Edin Béghari (&)

e Canada Nih Hots’i Asié k'éyaghé hots’) k'olde béts’én noréltth’i nth
hots'| asié bét'orédhi ha, t'ahi hétié yorél)si éta bétoré?a ha.

e Canada Nih Hots't Asié (NRCan) science-béghari t'ahi éyir éghédalanas), t'ahi éghédalan nahié
scientist, engineer huto tsatsané béni hyl, bas) éghédalana.

e NRCan hétié doya scientist hadat’, ho?tén gha yédareldén, nih tu tth'i, nih yeridédhi asie gldedhi

boghédi éyi hét nih basi t'at'u asie béredisi &y chu acid tthe tth'i bét'a t'ahune hasi tytt'it
chu/tsatsané titt'ilé.

® NRCan scientific dené éts'édani nih naghéldédhi asié gldedhi basi, ésone ch'a acid tthe boghédi
hét bét'a t'ahune hasi tjtt'it chu tsatsané titt'ilg, t'at'u aldedh hasi, tu boghéd tth'i bét.
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Relevant Acts and Scope of Review

e Regulator for the Explosives Act:
e Provision of licenses for the storage and manufacture of explosives

e Scientific Analysis Provided:

e Groundwater Quantity/flow (hydrogeology)
o Permafrost

eMine Waste Management
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Etk’ési Béghg Détt'is chu Nénét') ha

e Entl'is Béghar Asié Etétk’édhi Ts’| Enittis:
o Erit'is béghari asié senilye chu Asié Etétk'édhi hodle basi

e T'ahi asié hénirnisi tth’'i béghari:
e Nih Tu T'anétt'é/hétt'ét (hydrogeology)
e Nih Ho?tén Jtaghé néné k'éyaghé
e Nih yorildédhi Asii Adel Boghédi
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Technical Review: Groundwater Quantity

e Hydrogeological data are collected to characterize subsurface properties and
groundwater conditions in order to develop an understanding of groundwater flow and
interactions with surface waters.

e Groundwater models are used to help quantify and assess current groundwater
conditions and predict those expected to develop as a result of mining and closure
activities.

e Groundwater data and knowledge are essential for assessing impacts on groundwater
quantity and quality, and groundwater interactions with surface waters.

Specific Issues Considered:

. Complexity of vertical groundwater flow through taliks and their monitoring

. Assessment of tailings and waste rock disposal in exhausted pits

. Assessment of closure and post-closure phases

. Effect of saline water storage in B7

. Groundwater flow basin near the Discovery underground mine

. Inclusion of grouting in hydrogeology model and groundwater inflow estimates
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Nénét'i, T’ahi Yenirinisi: Nih Tu T'anétt’'é

e Hydro eological bégha k'ojg ha asié béts’eldén &diri nih k'é tu t'at'és) eyl béghari
bénérdi ha t'at'u nih hots’) tu hétt'étsi &y cha tu nih daghé éta t'at'u hétt'él bénéridi ha.

e Nih hots’;) tu boghédi ts') asié bét'oré?a tu t'gnétt'é chi nét’) éitth’t basi ha édiri nih
hots’) tu t'at'ési ha &yl chu t'ane hasi béghar nih gha déldhi béghari bédarét basi.

e Nih hots’ tu béghg k'ojg ha asié béts'eldéni, éy1 hétié bét'oré?a béﬂharl asié nét’) ha
nih hots’) tu t'gnétt’é chu t'at’és tth'i, &yi chu tu nih daghé éta t'at’'u hétt'él bénéndi ha.

Hetie déghan Eftth's Asié t'at'ési Bégha;

- Heété borénilé nih ts') tu tas) hétréts: &din tahuk’@ ttha hots'én nih ho?ténsi hoygho?a chii tahi boghédi ts'y asié het
Asié éfa hoyého?3 k'éyaghé njlyé nét'é ha &y chi the aldedhi mh k'éyaghé
Bedarét nét) &yr chi bédaréti-bét'aghe béghan
Tu dédha hét &ttth’s B7 k'éyaghé boghédi
Nih hots'y tu hétt'éh bék’énaltsit ts', asié T'ahi bulg nih yaghé nih naldédhi k'éyaghé
Bédarélye hét hydrogeology ts'| asié &y chu nih hots'| tu datt't tanéitési honidhén
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Conceptual permafrost and groundwater flow model

Lado we Lot wt

Source: Appendix G5, Summary of Hydrogeology Existing Conditions, Dec 2021

Lower Elevation Intermediate Elevation Higher Elevation Lower Elevation
Lake Lake or Pit Lake Lake Lake

(e.g., Meliadine) (.., BS, B4, WNO1) (eg..87) (e.9.. Meliadine)

Permafrost
Talik

» Through “ \\
Talik -
-

- —-

¢ NRCan, 2023
e Intermediate elevation lakes with through talik can receive groundwater flow from upslope lakes
and/or provide groundwater flow to downslope lakes, with implications for in-pit disposal
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T’at’'u honjdhén nih ho?tén jfaghé néné k’éyaghéwcs:ﬁaNONcmsw
nih tué héttéli ts' asié

Tu Badanty écin
Y . Tahuk's tthe hotsén nih Tu Bédantq édn
Tu Kéyaght Tsn Tu Kedaghe Ts'én ‘ho2ens: b# Tahuk's ahe hotsen nin !
Narscheld Nearsché hoXens: be Tu K:ym‘ Tsén

Bégha énti'is: Edir bét G5, Bégha Erétts Hydrogeology duhy ja k'éyaghé T'at'ési, Dec 2021

Tamisé Ts'eén Tu Nardédha y
Tu K'éyaght Te'tn Narédhele  &y) huto Nih K'éyaghe Tu Tu K'édagh® Ts'en Narédha Tu K'Eyaghé Te'en Narédhels
(&dini k's1, Meliadine) (&din K'es, BS, B4, WNOD1) (ediri K'és1, B7) (edini k'as1, Mehadine)
x { NnHown i t[ tmvosen \ iy / Nih Ho?tan #
fragh& néne |laghe néne Je { Jtaghe néné
%\ weyaghe Kéyaghe Ejahots'y K'ayaghs ]
: ‘,nask'edu ts'én h Tahuk'é ttha
X S < Fhagbda Tauke N T~ A howennh
-— -— Wlﬂhf:’l:g" nih - - iy p—y - - - hoénsi
Canada Nih Hots'i Asig, 2023

e Tanisé Ts'én Tu Nardédha éja hots'i nask'édhi ts’én naghéda t'ahuk’é ttha hots'én nih ho?ténsi nih hots'i tu bégha nitt tu
k'édaghé hots', chu/éyr huto mh hots'| tu hanéle k'éyaghé tu ts’én, &din bét ha nih-k'éyaghé bérédt ha

esoLrces Ressources naturelles = (:‘a I’]él( il(;l.
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Seepage from/to in-filled pits/pit lakes
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Technical Review: Permafrost

e Knowledge of permafrost is required to minimize the impacts of the
project on the environment, and the impacts of the environment on
the project.

e Knowledge of distribution of permafrost and unfrozen ground (talik)
is essential for determining groundwater flow pathways.

Specific Issues Considered:

- Thermal modelling- To support design of Mine Waste Storage Facilities

- Ground thermal regime in the project area

+ AEM response to Commitment 19 (Thermal modelling of temporary water storage in pits)
«  AEM response to Commitment 42 (In-pit deposition alternative and disposal study)
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Nénét'i, T'ahi Yenirinisi:
Nih Ho?tén Jtaghé néné k’'éyaghé

e Nih Ho?tén Jtaghé néné k’'éyaghé bégha k'ojg horét’| €diri k'aré?y
ha nih basi, €yi chu nih t'anodhi hasi t'ahi basi eghédaladasi.

e Nih Ho?tén jtaghé néné k’éyaghé béghg k'ojg t'at'u narttit hasi €yl
chu t'ahi nih ho?tén hilési (T’ahuk’é ttha hots'é€n nih ho?ténsi)
béghari nih ts’) tu t'ats’én hétféts) bék’oja ha.

Hétié dégharn Eftth't Asié t'at'ési Bégha:
. Hodhét Ts') Asié — Nih yorildédhi Asié Aldedhi Koé t'at'u hodle ha

- Nih hodhél béghan t'ahuk’é bégha éghédaladasi
. AEM Commitment 19 ts'én yaghitti (Hodhét Ts’y Asié tha hots’én hilé tu k'omé nih ghaldedhi k'éyaghg)

. AEM Commitment 42 ts’én yaghutt (Béyé-nih gha ghaldedhi k’éyaghé bathéni gldedhi cha béghg bets’eldén)

i+l
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[C] Continuous Permatrost

[J Extensive Discontinuous Permafrost
M sporadic Discontinuous Permafrost
Isolated Patches of Permafrost

Geologic Survey of
Canada, NRCan e

Canadi
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] Ho?asi Nih Ho2t8n iagha néne k'syaghs

D Hopché Ho?gst hilé Nih Ho2tén |laghs néné k'éyaghé
. Karé?y Ho?ast hilé Nth Ho?tén jlagh® néné k'syaghé
Efch'as) Do?q Nih Hot8n flaghé néne k'ayaghs

. Tu chogh k'éyaghé Nih Ho?tén jlaghé néné k'éyaghé
[] Tu Hetan Cheth Kayaghs

Meliadine

Nih Bass B&ghg Asig Hets'clden
Canada ts’y, Canada Nih Hots"y Asi&
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Permafrost

- Although permafrost is
continuous at Meliadine,
unfrozen ground (talik)
can exist beneath lakes.

Through taliks beneath
large deep lakes or pits
provide unfrozen
groundwater flow
pathways between these
lakes and pits, and also
with mine workings below
Source - Rescan, Sabina Gold FEIS submission to NIRB, 2017 the continuous

permafrost. -
Matural Resources  Russcurces fatcrplles (W ; = Jl{'l
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Nih Ho?tén Jtaghé néné k’ eyaghe

Tansb tdo-elpy b, toash B huto des hese
Tanrklihé » dnSt's hots'Sn fa ndob Kdyaghs 4n f'arftans:

--—.,MO&_’&"WM

Bégha énitt'is — Rescan, Sabina Tsaba Déltthoghi Nih T'at'ési Basi Entis (FEIS)
Nunavut Nih T'at @si Bas) D&né Déltth's béts'én éntiis milchudh (NIRB), 2017

I - I Hatural Resources Resspurces naturelles
: Canada Canada
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Nih Ho?tén [taghé& néné
k'éyaghé éty kot'é kolu
Meliadine k'éyaghé, nih hétén
hilé (T'ahuk’é ttha hots’én nih
ho?ténsi) ély tu yaghé ts’én
k'ot'é.

ho?ténsi énaldhén hét tu cho
yaghé ts’én éyir hilé de nih
k'éyaghé tu hétén hilé nih hots’|
t'ats’eén héttét ha tu chu nih
k'éyaghé bégési éyi chu nih
ghaldédhi k'éyaghé ts'én nih
ho?tén Jtaghé néné k'éyaghé
beyaghe ts'én tth i ho?ten =

Canadi

Technical Review: Mine Waste Management

e Representative characterization of mine waste is essential to identify adequate
management methods to limit the impacts to the receiving environment.

e Some mine waste presents acid rock drainage and arsenic leaching potential.
Therefore, NRCan recommends on-going laboratory and field characterization of

mine waste.

e This characterization should be used to validate site water quality predictions and
the proponent should adapt its mine waste management strategy accordingly.

Resoutcas  Ressources naturlles
Canada
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Canada
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Nénét'i, T'ahi Yenirinisi:
Nih yorildédhi Asii Adel Boghédi

e Nih ghaldédhi asié gldedhhi hétié t'at'u halye hasi, boghédi hét t'at'u nih bét'a
k'aré?u besdote ch’a.

e Nahié nih ghaldédhi asié gldedhi acid tthe hatt'il k’é chua arsenic béch’él huto ha.
Eyi?a NRCan hadiy hok'étta-béghg éghélada t'at'u nét') hét éyi chu t'ahi asié
aldedh t'at'ési ghar ha.

e T'ahi asié gldedhi t'at'&si ghari ha bét'oré?a wall tu t'at'ési ha, éy1?a nih
ghaldedhi asié gldedhi boghédisi t'ane honjdhési éttth’t boghéd ha.

A 1+1
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Mine Waste Management: In-pit Disposal
N

Underwates disposat G

>

# In-pit disposal under the water table reduces/eliminates:
» acid rock drainage and metal leaching;
o groundwater cor ination if appropriately designed; and
» maintenance of above ground dam structures.

Source: Pit disposal concept (adapted from MEND
report 2.36.1 “Review of in-pit disposal practices for
£ A N . . 4 the ion of acid mine drai - Case
» NRCan recommends that acid rock drainage and arsenic leaching mine waste be placed in M &l b

exhausted open pits to the extent pracﬁca&e as recommended bg MEND 2.36.1 4 1b studies®,) from queous in-t disposal - Mioge

Closure (gtk fi)

g iiisrs ) Cannes (-‘Ei['lél(fll?‘il
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Nih yorildédhi Asii Adel Boghédi:
Nih k'éyaghé — yisé Aldedh

\ Tu yaghs ts’én aldedh o
|:> Tu narélchudh

o Nih k'éyaghe - yisé gldedh tu yaghe hots’| k'aré?y/béd) halyé:
o acid tthe hatt'l k'é chu tsatsané béch'él,
o nih tu nézylé sitth’s halya de; éy1 chi

e NRCan béghar édin acid tthe hati'il k'é chd arsenic béch'él nih ghgldédhi asié gldedhi &)
nilye h& nih k'éyaghe édir MEND 2.36.1 chi 2.36.1b &ntt'is baghari ha.

.*I Matlrad Resources Rassowrces naiwelles
Canaga Canada
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Bégha &ntt's: Nih K'éyaghs t'ahonidhénsi (MEND
anth's hots'} yifcha 2.36.1 *Entfis nénet’y nih

» mih K'édaghé tu bedarjaboghéd:. K'éyaghs - yisé asié aldedhi tatu haldhénsi din
acid nih ghaldedh hétél: - Enttis bets’eldénm”)

éja hots') Tu yaghé ts'én nih k'ayaghé — yi15é Nib
ghildedhi Bédarén (gtk fi}

s
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Orélkar?

=Y i+l
Maiural Resources  Resscurces nawrelles ( v . Cl (&
I * I Canada Canada < (l I l(l (l

13






