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Diavik Diamond Mines (2012) Inc.  
P.O. Box 2498  
Suite 300, 5201-50th Avenue  
Yellowknife, NT X1A 2P8 Canada  
T (867) 669 6500 F 1-866-313-2754 

Mark Cliffe-Phillips 
Executive Director 
Mackenzie Valley Environmental Impact Review Board 
P.O. Box 938 
Yellowknife, NT X1A 2N7 
 
17 May 2019 
 
Dear Mr. Cliffe-Phillips: 
 
Subject: DDMI Submission of the Summary Impact Statement for the Processed 

Kimberlite to Mine Workings Project (MVEIRB File No.: EA1819-01)  
 
Diavik Diamond Mines (2012) Inc. (DDMI) is pleased to submit to the Mackenzie Valley 
Environmental Impact Review Board (MVEIRB or the Board) the Summary Impact 
Statement (SIS) for the Processed Kimberlite to Mine Workings Project in response to the 
Board’s Information Request (MVEIRB IR#1). This submssion reflects the Final Scope of 
the Review and follows the guidelines in the Letter for Summary Impact Statement issued 
by the Board on April 18, 20191. A Table of Concordance to the guidelines is located in 
Section 1 of the SIS. The SIS is appended to this letter and has been uploaded to the 
MVEIRB’s Online Review System. 
 
Within the SIS, DDMI has presented an assessment of the potential effects of depositing 
processed kimberlite into A418, A154 and A21 mine workings on Lac de Gras, the 
Coppermine River, the Narrows and traditional land users and wildlife in the area. As there 
is very little potential for project effects during operations, the focus of the assessment is 
on the closure and post-closure phases. The valued components that have been 
considered in this assessment include: 

• Surface water quality 
• Water quantity 
• Fish and fish habitat 
• Caribou, aquatic and migratory birds, and species at risk 
• Cultural use 

 
DDMI has concluded that, with the implementation of proposed mitigation measures, 
residual environmental effects and impacts to the valued components from the Processed 
Kimberlite to Mine Workings Project will not be significant. 
                                                
1 DDMI acknowledges the MVEIRB’s decision in the Letter Re: Notice of Proceeding – Clarification 
on Scope of Assessment (May 15, 2019) and understands that the SIS conforms to the Board’s 
decision. 
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DDMI is committed to an efficient and transparent review process and looks forward to 
working with the Board, Indigenous groups, communities, and federal and territorial 
governments to advance the Processed Kimberlite to Mine Workings Project.  
 
Please do not hesitate to contact the undersigned or Kofi Boa-Antwi (867 447 3001 or 
kofi.boa-antwi@riotinto.com) if you have any questions related to this submission.  
 
Sincerely, 

 
 
Sean Sinclair 
Superintendent, Environment 
 

 
cc: Catherine Fairbairn, MVEIRB 
 Kate Mansfield, MVEIRB 
 Ryan Fequet, WLWB 
 Anneli Jokela, WLWB  
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Plain Language/Popular Summary 

Diavik Diamond Mines Inc. (DDMI) operates the Diavik Mine on the shore of Lac de Gras in the 
Northwest Territories. Since 2003, DDMI has been mining kimberlite rock from open pits and from 
underground mine tunnels that are deep under the lake surface of Lac de Gras. Before mining 
could begin, DDMI built ring dykes within Lac de Gras to separate the mining areas from Lac de 
Gras. The water was then pumped out of these mine areas. As mining moves downward, three 
circular open pits have been created called: A418, A154 and A21. Mining of kimberlite from A418 
is expected to be finished in late 2021. Mining in A154 and A21 will be completed later. During 
mine closure, the open pits will be refilled with water from Lac de Gras and reconnected to the 
lake to restore habitat for fish. 

Crushing and washing with water are used to separate diamonds from the kimberlite ore in a 
method called “processing”. Larger pieces of processed kimberlite ore are hauled by truck to the 
Processed Kimberlite Containment (PKC) Facility. Finer processed kimberlite is mixed with water 
and also stored in the PKC Facility. The PKC Facility is made up of a series of rock filled dams 
that are used to store the processed kimberlite. The PKC Facility will be capped and reclaimed 
when Diavik Mine closes. 

The PKC Facility does not have enough space to store all of the processed kimberlite expected 
to be produced over the rest of the life of the mine because the mine plan for Diavik, including the 
amount of processed kimberlite produced, has had to be adjusted/revised at various stages of 
operations as the team has gained a better understanding of the kimberlite orebodies within the 
project footprint. DDMI could: (1) make the PKC Facility higher to increase the amount of available 
space; (2) find another location to store processed kimberlite; (3) store the processed kimberlite 
in mined out open pits and underground; or (4) a combination of (1) and (3). DDMI had determined 
that raising the PKC Facility in the short-term and once mining is completed in A418 using the 
mine workings to store processed kimberlite provides a safe and less costly alternative to further 
raising the PKC Facility. DDMI’s proposal to deposit processed kimberlite in mined out open pits 
and underground mine workings before refilling with freshwater from Lad de Gras needs to be 
approved by the Wek'èezhıì Land and Water Board as an amendment to Diavik Mine’s water 
licence. 

In June 2018, DDMI applied to the Wek'èezhıì Land and Water Board to amend its water licence 
to allow processed kimberlite to be deposited to mined out open pits and underground mine 
workings prior to refilling the open pits with water and reconnecting them to Lac de Gras at closure 
(the “project”). During the review of the application, the Mackenzie Valley Environmental Impact 
Review Board decided the application needs to go through an environmental assessment. An 
environmental assessment will allow a more thorough evaluation of public concerns and the 
potential effects of the project on the environment. 

If approved, stored processed kimberlite in open pits will be a permanent part of the Diavik Mine 
at closure. As part of this process, DDMI has to show that doing this will not be harmful to the 
environment or people over a long time. DDMI has proposed to add freshwater from Lac de Gras 
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overtop of the processed kimberlite in the pits to create a deep pit lake that will cause stable layers 
of water to form naturally, isolating the processed kimberlite. Most water deposited as part of the 
processed kimberlite slurry will be pumped out of the pit, but some of this “porewater” will remain 
on top of the processed kimberlite when the pit is filled with freshwater from Lac de Gras. Over 
one to two years, this porewater will concentrate at the bottom of the pit lake, leaving a deep 
freshwater layer overtop. The freshwater and porewater layers will not mix under normal 
conditions, effectively sealing the processed kimberlite deep in the lake. After re-filling the pits, 
DDMI will monitor the water quality in the pit lakes to confirm that it meets certain criteria that are 
protective of fish, people and wildlife, and that the water layers have formed. Once water quality 
has been confirmed to be suitable, these pit lakes will be reconnected to Lac de Gras by breaching 
the dykes, allowing fish and water to move freely between the two.  

DDMI has assessed the potential effects of depositing processed kimberlite into open pits A418 
(preferred location), A154 and A21 (alternate locations) on Lac de Gras, the Coppermine River, 
the Narrows and traditional land users and wildlife in the area. As there is very little potential for 
project effects during operations, the focus of the assessment is on the closure and post-closure 
phases. The specific parts of the environment that were considered in this assessment include: 

• Surface water quality 
• Water quantity 
• Fish and fish habitat 
• Caribou, aquatic and migratory birds, and species at risk 
• Cultural use 

The potential effects of the project on these components of the environment have been compared 
against the criteria used to assess the Diavik Mine as a whole in 1999. The assessment has 
concluded that: 

• There will be no significant effects to water quality in Lac de Gras  
• There will be less water needed from Lac de Gras to fill mine workings than if processed 

kimberlite were not to be deposted to mine workings.  
• Water withdrawal rates that are protective of the aquatic environment, including fish and fish 

habitat can be developed in discussion with regulators. 
• There willl be no significant effects to fish in Lac de Gras  
• There will be no significant effects to wildlife, including caribou,birds and species at risk 
• There will be no significant effects to cultural land use 
• There will be no transboundary effects 

The assessment has confirmed that depositing processed kimberlite into A418 and A154 mine 
workings before filling them with water will cause stable layers of water to form in the pit lakes so 
that water quality meets criteria for protection of aquatic life and people. These same layers also 
form in A21 but are predicted to be less robust because this mine area is smaller and the 
processed kimberlite would fil. to a higher level leaving less depth for the protective fresh water 
cover. 
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The assessment concludes that there will be no significant cumulative effects to water quality, 
fish, wildlife and cultural use. DDMI also assessed the effects to the environment of unforseen 
and unlikely events such as a slurry pipeline rupture and a mixing event in pit lakes due to a failure 
in a pit wall. Spills can be addressed by following DDMI’s existing Spill Contingency Plan. An 
unanticipated mixing event would not have significant effects on water quality. 
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1.0 INTRODUCTION 

In June 2018, Diavik Diamond Mines Inc. (DDMI) applied to the Wek’èezhìi Land and Water Board 
(WLWB) to amend its water licence W2015L2-001 to permit the deposition of processed kimberlite 
(PK) into one or more of three underground and/or open mine workings (the PK to Mine Workings 
Project, or “PKMW Project”). After two rounds of Information Requests and a Technical Session 
during the WLWB’s preliminary screening of the application, on February 26, 2019 the Mackenzie 
Valley Environmental Impact Review Board (MVEIRB), on its own motion, referred the project to 
environmental assessment (EA) on the basis that the proposal might cause significant adverse 
impacts on the environment. This Summary Impact Statement (SIS) is DDMI’s response to 
MVEIRB’s Information Request #1 of EA1819-01 as guided by the MVEIRB’s letter to DDMI of 
April 18, 2019. 

The intent of the SIS is to organize and consolidate relevant information from the WLWB 
proceedings and to present information necessary for the MVEIRB to make a determination 
whether the project is likely to have a significant impact on the environment or be a cause of 
significant public concern. A Table of Concordance (Table 1-1) provides a summary of where 
information required to be provided as indicated in the MVEIRB’s letter of April 18 is addressed 
in the SIS. 

Table 1-1: Table of Concordance of SIS Against MVEIRB Requirements 

Summary Impact Statement Requirements Section of SIS 

1 A complete and updated project description and list of associated activities 1.0 for an overview 
2.0 for project details 

2 for each valued component described in the Review Board's Final Scope and 
Reasons for Decision for EA 1819-01(PR#40): 
a. a summary of current and pre-mining baseline conditions with links to 

relevant information as required; 
b. a description of the linkages between project activities and the valued 

component (that is, pathways of effects); 
c. an assessment of predicted impacts of the project, including a description of 

those impacts (that is, likelihood, direction, magnitude, geographic extent, 
duration and frequency, reversibility); 

d. a description of existing or planned mitigations that are available to or will be 
used by Diavik to minimize impacts of the project, their predicted 
effectiveness and rationale for this predicted effectiveness; 

e. a description of any residual impacts after mitigation (using the 
characteristics described in part c above); 

f. an assessment of cumulative effects; 
g. a list of and links to all relevant monitoring and adaptive management pans; 

and, 
h. a summary of modelling assumptions and uncertainties, with links to relevant 

documents as required. 

4.0 for Surface Water 
Quality 
5.0 for Water Quantity 
6.0 for Fish and Fish 
Habitat 
7.0 for Wildlife, including 
Species at Risk and 
Aquatic and Migratory 
Birds 
8.0 for Cultural Land 
Use 
9.0 for Management 
Plans 
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1.1 DIAVIK DIAMOND MINE OPERATIONS 

The Diavik Diamond Mine (Diavik Mine) is an unincorporated joint venture between Rio Tinto (60 
percent [%]) and Dominion Diamond Diavik Limited Partnership (40%) with Rio Tinto being the 
operating manager. Diavik Diamond Mines (2012) Inc. (DDMI) is a wholly owned subsidiary of 
Rio Tinto plc of London, England. DDMI has been appointed Manager and is the corporate entity 
responsible for operating the Mine. 

Diavik Mine is located approximately 300 kilometres (km) northeast of Yellowknife, Northwest 
Territories, on Lac de Gras (Figure 1-1). Proximal communities are Wekweètì (187 km to the west-
southwest) ; Whatì (371 km to the east-southeast; Gamètì (343 km to the east); Behchokǫ̀ (334 
km to the southeast); Kugluktuk (430 km to the northeast); Bathurst Inlet (275 km to the northeast), 
Yellowknife (307 km to the south); Fort Resolution (401 km to the south); and, Łutsel Kʼe (230 km 
to the south).  The Ekati Mine is located roughly 25 km to the north. Diavik Mine is seasonally 
connected to Yellowknife by the Tibbitt to Contwoyto Winter Road. 

Diavik Mine has been in operation since 2003. The mine recovers kimberlite ore from four 
kimberlite pipes (ore bodies) located beneath Lac de Gras using open pit and underground mining 
methods. To allow for open pit mining, the open pits and underground workings (collectively “mine 
workings”) are isolated from Lac de Gras by a series of water retention dikes. Kimberlite is 
processed on site to recover six to seven million carats of rough diamonds per year. Diavik Mine 
is expected to be in production until 2025.  

The Diavik Mine Health, Safety, Environment and Communities (HSEC) Policy identifies the core 
values of safety, integrity, respect, teamwork and excellence and describes the responsibilities of 
every DDMI employee to work towards the goal of zero harm. The HSEC Policy is included in 
Appendix A. 
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1.2 OVERVIEW OF PROPOSED DEVELOPMENT – PROCESSED 
KIMBERLITE TO MINE WORKINGS (PKMW PROJECT)  

The construction and operation of Diavik Mine was subject to a comprehensive study review per 
the Canadian Environmental Assessment Act. A Comprehensive Study Report was issued in 
June 1999 and Ministerial approval was granted November, 1999 (Comprehensive Study Report 
pg 54; Government of Canada, 1999 [CEAA, 1999]). 

The project currently operates under authorizations issued by the Wek’èezhìi Land and Water 
Board (WLWB; land use permits, water licence), Fisheries and Oceans Canada (Fisheries Act 
Authorization) and Transport Canada (Navigation Protection Act Approval), leases from the 
Government of the Northwest Territories (GNWT), and an Environmental Agreement between 
DDMI and the Tłı̨chǫ Government (TG), Yellowknives Dene First Nation (YKDFN), North Slave 
Métis Alliance (NSMA), Kitikmeot Inuit Association (KIA), Łutsel K'e Dene First Nation (LKDFN), 
Government of Canada, Government of the Northwest Territories (GNWT) and Government of 
Nunavut. 

In June 2018, DDMI applied to the WLWB to amend its water licence W2015L2-001 to permit the 
deposition of processed kimberlite (PK) into one or more of three underground and/or open mine 
workings (the PK to Mine Workings Project, or “PKMW Project”) beginning in late 2021:  

• A418 (open pit and underground); preferred 
• A154 (open pit and underground); alternate 
• A21 (open pit); alternate 

At mine closure, the mine workings will be infilled with water from Lac de Gras, and reconnected 
to the lake as is described in the mine’s Interim Closure and Reclamation Plan (ICRP). 

In its water licence amendment application, DDMI also proposed to additionally remove extra-fine 
PK (EFPK) from the existing processed kimberlite containment facility (PKC Facility) and to 
deposit it to the same mine workings to provide more options for closure of the PKC Facility. The 
actvity of re-mining of EFPK from the PKC Facility has since been withdrawn from the PKMW 
Project; however, transport and depositing EFPK which may originate from the PKC Facility into 
mine workings is considered as an optional component of the PKMW Project. DDMI will apply to 
the WLWB to seek approval to re-mine EFPK from the PKC Facility in the future should it decide 
to pursue this option.  

After two rounds of Information Requests and a Technical Session during the WLWB’s preliminary 
screening of the application, the Mackenzie Valley Environmental Impact Review Board 
(MVEIRB), on its own motion, referred the PKMW Project to environmental assessment on the 
basis that the proposal might cause significant adverse impacts on the environment. As per 
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MVEIRB’s April 18, 2019 report “Scope of the Environmental Assessment and Resons for 
Decision” the scope of the project consists of the following: 

• Transporting, depositing, and storing PK in pits and underground mine workings (includes 
A418, A154 and A21) 

• Closing and reclaiming any mine infratructure related to the transport, deposition and 
storage of PK in mine workings  

The original Diavik Mine plan, as was the subject of the 1999 Comprehensive Study, did not 
include deposition of PK into mine workings, although it did identify partial backfilling of PK 
underground as an option that would require further consideration by regulators: 

“…Aspects of the mine development which would be re-evaluated as more information is 
obtained with development and mining may include: 
… 
opportunities to use processed kimberlite as underground backfill to reduce the long term 
mitigation requirements of the PKC facility” (Comprehensive Study Report pg 54; 
CEAA,1999) 

The potential for A418 to be used for deposition of PK beginning in 2022, was identified in 2017.  

1.3 PURPOSE OF PROCESSED KIMBERLITE TO MINE 
WORKINGS PROJECT 

Processed kimberlite is generated at the process plant  in two sizes: coarse PK (CPK) and fine 
PK (FPK). All PK is currently deposited to an engineered processed kimberlite containment (PKC) 
Facility located at the mine site (Figure 1-2). CPK is manually placed and used around the 
perimeter of the facility. FPK is deposited as a slurry into the central part of the facility, creating 
beaches of progressively finer material (FPK transitions to EFPK or extra fine PK) towards the 
centre of the facility as PK settles out of the slurry. A pond of water created by the settlement, 
compaction and dewatering of FPK and EFPK is managed by removing this water into a reclaim 
barge. This water is reused in kimberlite processing at the Process Plant.  

Through the deposition of PK, the height of the PKC Facility has been raised six times, and is 
currently undergoing a seventh raise. Based on the current mine plan, the PKC Facility will be 
infilled to its approved capacity in 2021, with PK production exceeding the capacity of the PKC 
Facility over the remaining life of mine to 2025. Recognizing this shortfall, DDMI has, since 2016: 

• Designed, obtained approval from the WLWB, and begun construction of an additional dam 
raise (7a), with a subsequent raise (7b) subject to approval of design drawings.  

• Optimized the capacity of the PKC Facility by progressively changing its kimberlite 
processing methods to reduce the amount of fine PK produced in relation to CPK (degrit 
process). Increasing the amount of CPK optimizes PKC Facility storage, as the material can 
be manually placed, as compared to FPK for which there is less control on placement, and 
which results in excess water/ice entrained in the PKC Facility.   
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DDMI has also identified that diverting PK from the Process Plant to A418, A154 or A21 mine 
workings rather than to the PKC Facility will alleviate the need for additional dam raises 
(expansions) of the PKC Facility.  

Benefits of the PKMW Project include: 

• Reduces health, safety and environmental risks during operations and closure related to the 
need to raise the height of dams associated with an otherwise expanded PKC Facility.  

• Provides certainty regarding capacity for PK storage over life of mine 
• Adds additional operational flexibility as there are more options to optimally store coarse PK 

compared to FPK 
• Reduces capital expenditures over life of mine 
• Provides options for closure of the PKC Facility 
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Figure 1-2:  Location of PKC Facility, A418, A154 and A21 Mine Workings 
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2.0 PROJECT-SPECIFIC INFORMATION  

2.1 LOCATION OF THE PROJECT 

The Processed Kimberlite to Mine Workings (PKMW) Project is located at the Diavik Diamond 
Mine (Diavik Mine). Diavik Mine is located on leased Territorial Land within the Wek’èezhìi 
Resource Management Area as defined by the Tłı̨chǫ Agreement. The mine is also located within 
the asserted territory of the Akaitcho Dene First Nations (Chief Drygeese Territory). The mine is 
connected by winter road to Yellowknife, from approximately February to March of each year. 
Diavik Mine shares the area around Lac de Gras with the Ekati Mine, which is located 
approximately 25 kilometres (km) northwest of the Diavik Mine, and three of Ekati’s satellite 
operations – Lynx Pit, Misery Pit and Jay Pit, located approximately 4 km, 6 km and 14 km 
respectively, to the northeast of the Diavik Mine (Figure 2-1).  

The PKMW Project and Diavik Mine are on Lac de Gras, which outflows into the Coppermine 
River. Lac du Sauvage is a large lake immediately upstream of Lac de Gras. Lac du Sauvage and 
Lac de Gras are connected by “the Narrows”.  
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2.2 PROJECT DEVELOPMENT AND EMPLOYMENT  

DDMI anticipates that part of the current workforce, including contractors and subcontractors, 
supporting Diavik Mine operations will be involved in execution of the PKMW Project; hence, the 
PKMW Project will not result in additional employment to that which is projected for the ongoing 
operations of the Diavik Mine. 

2.3 PKMW PROJECT - DEVELOPMENT 
COMPONENTS/ACTIVITIES 

Diavik Mine is a fully operational mine whose primary activities include the extraction and 
processing of kimberlite. Existing infrastructure and activities at the mine are in place to support 
these activities. Certain existing infrastructure and activities are related to and necessary to the 
PKMW Project, and are already authorized by regulatory authorities having jurisdiction. These 
include: 

• Construction and maintenance of perimeter dikes isolating mine workings from Lac de Gras 
• Dewatering of mine workings 
• Ore development and mining 
• Kimberlite processing 
• Transport and storage of processed kimberlite from the Process Plant to the Processed 

Kimberlite Containment (PKC) Facility 
• Management of mine water and process water 
• Operations and maintenance of mine infrastructure and facilities, such as: camp; fuel 

storage areas; mine workings; water management; waste management 

Additionally, the following activities were assessed in the 1999 Comprehensive Study Report, 
though are not currently authorized: 

• Infilling of mine workings with water from Lac de Gras and reconnection to Lac de Gras at 
closure  

• Closure and reclamation of the Diavik Mine as described in the Interim Closure and 
Reclamation Plan (v.3.2) 

The PKMW Project comprises additional infrastructure and activities not otherwise authorized or 
previously assessed, including: 

• Construction of up to three PK slurry pipelines from the process plant to mine workings 
A418, A154 and/or A21. 

• Option to construct up to three extra-fine (EFPK) slurry pipelines from the PKC facility to 
mine workings A418, A154 and/or A21. 

• Deposition of fine PK (FPK) to one or more mine workings (A418, A154 and/or A21). 
• Option to deposit EFPK to one or more mine workings (A418, A154 and/or A21). 
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• Decanting (collection) PK porewater discharged during consolidation of PK slurry once 
placed in mine workings 

• Infill of remaining space in up to three mine workings with water from Lac de Gras at mine 
closure.  

A418 is DDMI’s preferred mine working into which to deposit PK as it will become available first. 
However; and, depending on the mine plan, other mine workings may be used for PK deposition. 
The PKMW Project can be described as one of three summary scenarios defined by: 

• The total amount of FPK to be deposited into one or more of mine workings A418, A154 
and/or A21, with A418 being preferred 

• The total amount of EFPK to optionally be deposited into one or more of mine workings 
A418, A154 and/or A21 

• The depth of porewater to be retained above PK in mine workings to which PK is deposited 
(i.e., water not otherwise decanted) 

The total amount of FPK or EFPK to be deposited is unknown at this time.  Water quality 
predictions in Golder (2018) assumed PK volumes of more than 30 Mm3.  The Golder (2018) 
assumptions were intended to show “worst-case” water quality conditions and to address the 
WLWB requirement to determine a minimum freshwater cap depth (WLWB IR August 31, 
2018).  These PK amounts are greater than can be reasonably anticipated to be produced.  At 
the WLWB Technical Sessions (January 2019) DDMI agreed that certain scenarios (summarized 
below in Table 2-1) would provide a more realistic range of conditions.  The scenarios described 
in Table 2-1 have been applied as the basis for this Summary Impact Statement. Final estimates 
of PK amounts will be provided for WLWB approval through one or more management plans 
anticipated to be required as a condition of any water license amendment. 

Table 2-1:  PKMW Project Summary Scenarios 

Summary Scenario 
Total FPK Volume Deposited 

to A418, A154 and/or A21 

Total Volume EFPK 
Optionally Deposited to 
A418, A154 and/or A21 

Depth of Porewater 
Overlying PK (where PK 

is deposited) 

2a 5 Mm3 - 5 m 

3a 5 Mm3 5 Mm3 5 m 

4a 5 Mm3 - 15 m 

These summary scenarios reflect deposition of PK into more than one mine working. Further 
modifiers can be used to represent scenarios where all PK is directed to a mine working. For 
example, if all PK were to be directed to A418 – as is preferred, there are three scenarios that 
can be described, using modifiers A418-2a, A418-3a and A418-4a etc., resulting in nine 
scenarios. These nine scenarios have been modeled to assess the effects of deposition of PK 
into mine workings, and are discussed further in section 3.4. 
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It is further noted that DDMI’s proposal to re-mine (remove) PK from the Processed Kimberlite 
Containment (PKC) Facility, as included in the June 2018 water licence amendment application, 
has been withdrawn and is not part of the proposed development; however, activities related to 
the potential transportation and deposition of EFPK should it be re-mined from the PKC Facility 
are assessed as part of the PKMW Project as DDMI may propose to advance this option in the 
future.  

2.4 DEVELOPMENT SEQUENCE 

2.4.1 Construction 

The construction phase of the PKMW Project includes construction of up to three new PK slurry 
pipelines from the process plant to A418, A154 and/or A21, and construction of up to three new 
EFPK slurry pipelines from the PKC Facility to A418, A154 and/or A21. Pipelines will consist of 
twinned, 25 cm diameter, heat-traced high density polyethylene (HDPE) pipes. Pipelines will be 
routed along the side of existing roads and adjacent to existing dewatering pipelines towards the 
mine workings, where they will follow the decline ramp(s) into the pits. Pumping infrastructure 
may be required to move the slurry along the pipeline. Pipelines would be located to allow 
drainage into the existing Drainage Control and Collection System in the event of a spill. Pipelines 
will also be installed behind road safety berms to avoid inadvertent damage by mobile equipment 
during routine operations or road maintenance. 

The length of the PK slurry pipelines will be dependent on the mine working to which it is directed, 
and on the depth to which these pipelines are extended into the pits along the decline (access 
ramp). For example, a pipeline from the Process Plant to A418 would extend 2.9 km to the edge 
of A418 and may extend a further 0.9 to 4.7 km into the pit. As an example, and reflecting the 
preference to deposit PK into A418, the preliminary routing of a pipeline from the process plant to 
A418 is shown in green on Figure 2-2. The construction of the PK slurry pipeline(s) will take 
approximately four months and will utilize existing equipment and personnel on site. 

A418 and A154 are connected by a common decline to access underground mine workings. To 
allow for the commencement of PK deposition into A418 while underground mining is ongoing in 
the adjacent A154, at least two (2) bulkheads will be constructed. Bulkheads will prevent PK 
deposited into A418 from flowing through the decline to the adjacent A154 mine workings. An 
additional bulkhead may be installed in the portal located at 270 m above sea level (9270 portal) 
if the addition of EFPK into A418 (Summary Scenario 3a) would cause decant water levels to rise 
to that level. Bulkhead designs are described in section 3.3.3 of the water licence amendment 
application (June 18, 2018) Attachment 1: Amendment Overview – Deposition of Processed 
Kimberlite into Mine Workings.  
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Figure 2-2:  Preliminary Routing of PK Slurry Pipeline to A418 
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2.4.2 Operations 

The operations phase of the development will include deposition of PK into one or more of the 
mine workings, with A418 being preferred. The deposition concept is to deposit PK slurry directly 
into the open mine void at the center of pit allowing PK to fill from the bottom up and to flow into 
adjacent development tunnels as their elevation is reached. PK deposition will be 
continuous/year-round. Assuming that 80% of the PK from the process plant will be directed to 
mine workings with the remaining 20% trucked to the PKC Facility as coarse PK, PK will be 
deposited at a rate of approximately 4,232 tonnes per day to a total of approximately 4,184,051 
tonnes over a four-year period from the end of 2021 to 2025.  

Porewater will collect on top of the PK as it consolidates following deposition. Additionally, 
groundwater will continue to flow into mine workings. This accumulated porewater and 
groundwater will be decanted (removed) to manage the decant water depth to within a range as 
indicated in scenarios 2a, 3a and 4a. To decant accumulated water, the PKC Barge, which 
currently pumps ponded reclaim water from the PKC Facility to the Process Plant, would be 
relocated to the pit area. The water will be pumped out of the pit and will be directed to the Process 
Plant for re-use, or the North Inlet (existing Water Management Area) for future re-use and/or 
treatment in the North Inlet Water Treatment Plant in accordance with the existing water licence. 
Where possible, existing pipelines would be used for water management, provided sufficient 
volume exists or the pipeline is currently not in use and can be re-purposed. For instance, decant 
water from A418 may be pumped from the PKC Barge to the Process Plant or North Inlet both 
using existing HDPE pipelines and the Eastside pipeline. 

The estimated amount of PK to be deposited annually, as well as the amount of water to be 
decanted under each of the nine scenarios where all PK would be directed to a single mine 
working (those used in this assessment), are summarized in Table 2-2a-i. The resulting depths of 
PK and decant water for each of the nine scenarios are shown in schematics as Figure 2-3,  
Figure 2-4 and Figure 2-5. In an unlikely situation where more than one mine working would be 
used, the infill levels of PK and porewater would be lower, but the porewater depth could remain 
as presented.  

Based on PK properties and operational experience from the PKC Facility it is expected that FPK 
from the Processing Plant and EFPK from the PKC Facility will flow naturally into mine workings 
in whichever pit is used for PK deposition and storage. The PK deposition and decant water 
strategy will be finalized during detailed design and will be included in applicable reports and plans 
to be submitted to the WLWB as a condition of the permitting stage of the project approval 
process, following the environmental assessment. 
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Table 2-2a:  PK Deposition and Decant Volumes A418-2a 

End of Year 

Total FPK Slurry 
Volume 

Deposited (m3) 
Settled Volume 

of FPK (m3) 
Excess Slurry 

Water (m3) 
Groundwater 

Inflow (m3) 
Slurry Water Plus 
Groundwater (m3) 

Total Water 
Decanted (m3) 

Supernatant 
Water Overlying 
PK Surface (m3) 

2022 5,108,789 2,075,446 3,033,343 1,825,000 4,858,343 1,616,986 316,803 

2023 3,964,854 1,610,722 2,354,132 1,825,000 4,179,132 5,789,854 316,803 

2024 2,832,923 1,150,875 1,682,048 1,825,000 3,507,048 4,657,923 316,803 

2025 401,125 162,957 238,168 1,825,000 2,063,168 2,226,125 316,803 

 Total 5,000,000        

 

Table 2-2b:  PK Deposition and Decant Volumes A418-3a 

End of Year 

Total FPK 
Slurry 

Volume 
Deposited 

(m3) 

Total EFPK 
Slurry 

Volume 
Deposited 

(m3) 

Settled 
Volume of 
FPK (m3) 

Settled 
Volume of 
EFPK (m3) 

Excess 
Slurry 

Water (m3) 
Groundwater 

Inflow (m3) 

Slurry Water 
Plus 

Groundwater 
(m3) 

Total Water 
Decanted 

(m3) 

Supernatant 
Water 

Overlying PK 
Surface (m3) 

2022 5,108,789 0 2,075,446 0 3,033,343 1,825,000 4,858,343 0 4,858,343 

2023 3,964,854 0 1,610,722 0 2,354,132 1,825,000 4,179,132 2,063,052 660,591 

2024 2,832,923 0 1,150,875 0 1,682,048 1,825,000 3,507,048 4,657,923 660,591 

2025 401,125 0 162,957 0 238,168 1,825,000 2,063,168 2,226,125 660,591 

2026-20281 0 24,615,412 0 5,000,000 19,615,412 1,825,000 25,090,412 30,090,412 660,591 

  Total 5,000,000 5,000,000        
1Timeline to depend on updates to closure planning; identified separately to differentiate the water volumes from FPK. 
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Table 2-2c:  PK Deposition and Decant Volumes A418-4a 

End of Year 

Total FPK Slurry 
Volume 

Deposited (m3) 
Settled Volume 

of FPK (m3) 
Excess Slurry 

Water (m3) 
Groundwater 

Inflow (m3) 
Slurry Water Plus 
Groundwater (m3) 

Total Water 
Decanted (m3) 

Supernatant 
Water Overlying 
PK Surface (m3) 

2022 5,108,789 2,075,446 3,033,343 1,825,000 4,858,343 893,157 1,040,632 

2023 3,964,854 1,610,722 2,354,132 1,825,000 4,179,132 5,789,854 1,040,632 

2024 2,832,923 1,150,875 1,682,048 1,825,000 3,507,048 4,657,923 1,040,632 

2025 401,125 162,957 238,168 1,825,000 2,063,168 2,226,125 1,040,632 

 Total 5,000,000        

 

Table 2-2d:  PK Deposition and Decant Volumes A154-2a 

End of Year 

Total FPK Slurry 
Volume Deposited 

(m3) 

Settled 
Volume of 
FPK (m3) 

Excess Slurry 
Water (m3) 

Groundwater 
Inflow (m3) 

Slurry Water Plus 
Groundwater (m3) 

Total Water 
Decanted (m3) 

Supernatant Water 
Overlying PK 
Surface (m3) 

2022 5,108,789 2,075,446 3,033,343 9,214,060 12,247,403 8,978,927 343,923 

2023 3,964,854 1,610,722 2,354,132 9,214,060 11,568,192 13,178,914 343,923 

2024 2,832,923 1,150,875 1,682,048 9,214,060 10,896,108 12,046,983 343,923 

2025 401,125 162,957 238,168 9,214,060 9,452,228 9,615,185 343,923 

 Total 5,000,000        
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Table 2-2e:  PK Deposition and Decant Volumes A154-3a 

End of Year 

Total FPK 
Slurry 

Volume 
Deposited 

(m3) 

Total EFPK 
Slurry 

Volume 
Deposited 

(m3) 

Settled 
Volume of 
FPK (m3) 

Settled 
Volume of 
EFPK (m3) 

Excess 
Slurry 

Water (m3) 
Groundwater 

Inflow (m3) 

Slurry Water 
Plus 

Groundwater 
(m3) 

Total Water 
Decanted 

(m3) 

Supernatant 
Water 

Overlying 
PK Surface 

(m3) 

2022 5,108,789 0 2,075,446  3,033,343 9,214,060 12,247,403 4,322,849 721,884 

2023 3,964,854 0 1,610,722  2,354,132 9,214,060 11,568,192 17,501,763 721,884 

2024 2,832,923 0 1,150,875  1,682,048 9,214,060 10,896,108 12,046,983 721,884 

2025 401,125 0 162,957  238,168 9,214,060 9,452,228 9,615,185 721,884 

2026-20281 0 24,615,412 0 5,000,000 19,615,412 9,214,060 47,257,592 52,257,592 721,884 

  Total 5,000,000 5,000,000      
1Timeline to depend on updates to closure planning; identified separately to differentiate the water volumes from FPK. 

 

Table 2-2f:  PK Deposition and Decant Volumes A154-4a 

End of Year 

Total FPK Slurry 
Volume Deposited 

(m3) 

Settled 
Volume of 
FPK (m3) 

Excess Slurry 
Water (m3) 

Groundwater 
Inflow (m3) 

Slurry Water 
Plus 

Groundwater 
(m3) 

Total Water 
Decanted (m3) 

Supernatant Water 
Overlying PK 
Surface (m3) 

2022 5,108,789 2,075,446 3,033,343 9,214,060 12,247,403 8,223,280 1,099,569 

2023 3,964,854 1,610,722 2,354,132 9,214,060 11,568,192 13,178,914 1,099,569 

2024 2,832,923 1,150,875 1,682,048 9,214,060 10,896,108 12,046,983 1,099,569 

2025 401,125 162,957 238,168 9,214,060 9,452,228 9,615,185 1,099,569 

 Total 5,000,000        
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Table 2-2g:  PK Deposition and Decant Volumes A21-2a 

End of Year 

Total FPK Slurry 
Volume Deposited 

(m3) 

Settled 
Volume of FPK 

(m3) 
Excess Slurry 

Water (m3) 
Groundwater 

Inflow (m3) 

Slurry Water Plus 
Groundwater 

(m3) 
Total Water 

Decanted (m3) 

Supernatant 
Water Overlying 
PK Surface (m3) 

2022 5,108,789 2,075,446 3,033,343 4,927,500 7,960,843 4,436,112 600,177 

2023 3,964,854 1,610,722 2,354,132 4,927,500 7,281,632 8,892,354 600,177 

2024 2,832,923 1,150,875 1,682,048 4,927,500 6,609,548 7,760,423 600,177 

2025 401,125 162,957 238,168 4,927,500 5,165,668 5,328,625 600,177 

 Total 5,000,000        

 

Table 2-2h:  PK Deposition and Decant Volumes A21-3a 

End of Year 

Total FPK 
Slurry 

Volume 
Deposited 

(m3) 

Total EFPK 
Slurry 

Volume 
Deposited 

(m3) 

Settled 
Volume of 
FPK (m3) 

Settled 
Volume of 
EFPK (m3) 

Excess 
Slurry 

Water (m3) 
Groundwater 

Inflow (m3) 

Slurry Water 
Plus 

Groundwater 
(m3) 

Total Water 
Decanted 

(m3) 

Supernatant 
Water 

Overlying PK 
Surface (m3) 

2022 5,108,789 0 2,075,446 0 3,033,343 4,927,500 7,960,843 0 7,960,843 

2023 3,964,854 0 1,610,722 0 2,354,132 4,927,500 7,281,632 7,965,534 963,109 

2024 2,832,923 0 1,150,875 0 1,682,048 4,927,500 6,609,548 7,760,423 963,109 

2025 401,125 0 162,957 0 238,168 4,927,500 5,165,668 5,328,625 963,109 

2026-20281 0 24,615,412 0 5,000,000 19,615,412 4,927,500 34,397,912 39,397,912 963,109 

  Total 5,000,000 5,000,000      
1Timeline to depend on updates to closure planning; identified separately to differentiate the water volumes from FPK. 
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Table 2-2i:  PK Deposition and Decant Volumes A21-4a 

End of Year 

Total FPK Slurry 
Volume Deposited 

(m3) 

Settled 
Volume of 
FPK (m3) 

Excess Slurry 
Water (m3) 

Groundwater 
Inflow (m3) 

Slurry Water 
Plus 

Groundwater 
(m3) 

Total Water 
Decanted (m3) 

Supernatant Water 
Overlying PK Surface 

(m3) 

2022 5,108,789 2,075,446 3,033,343 4,927,500 7,960,843 3,081,223 1,955,067 

2023 3,964,854 1,610,722 2,354,132 4,927,500 7,281,632 8,892,354 1,955,067 

2024 2,832,923 1,150,875 1,682,048 4,927,500 6,609,548 7,760,423 1,955,067 

2025 401,125 162,957 238,168 4,927,500 5,165,668 5,328,625 1,955,067 

 Total 5,000,000        
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2.4.3 Permanent Closure 

Permanent closure is defined as the final closure of Diavik Mine, at which time there would be no 
foreseeable intent by DDMI to use the site for mining. As a part of closing Diavik Mine after 
operations have ceased, A418, A154 and A21 will be infilled with water from Lac de Gras. Mine 
workings infilling at closure and reconnection of the pit lakes to Lac de Gras was a component of 
the Diavik Diamonds Project mine design as proposed in DDMI’s 1998 Comprehensive Study and 
is described in the currently approved Interim Closure and Reclamation Plan (ICRP; version 3.2) 
and ICRP version 4.0 (currently under review). In the case of the PK to Mine Workings Proposal, 
PK will be present in one or more of A418, A154 and/or A21 prior to infilling with water, thus 
reducing the amount of water from Lac de Gras required to infill the mine workings. The time 
period for infilling of mine workings will not change due to PKMW and will be completed over six 
months to two years, as is described in ICRP version 4.0. The predicted infill volumes for A418 
and infill flow rates for A418 and A154 are presented in Tables 2-3 and 2-4, respectively.  

Prior to infilling with water, fish habitat enhancements along the edges of the dikes will be 
constructed (as described in the ICRP). A final decanting of porewater will be conducted to 
remove water above PK material consistent with one of the scenarios summarized in Table 2-1. 
Once decanting is complete, piping and decanting infrastructure will be removed from the mine 
workings. A separate pipeline system will be installed at the top of the dike to pump water from 
Lac de Gras into each of the pits to infill the remainder of the mine workings void with water up to 
the level of Lac de Gras. This infilling will occur over a period of six months to two years 
continuously. As A418 and A154 are likely to remain connected via one or more mine portals 
above the level of PK and porewater, their infilling is considered concurrently. Infilling of A21 
would be conducted independently of A418/A154 and not at the same time as infill of A418 and 
A154. Infill rates for A418/A154 are summarized in Table 2-4 for infilling over six month, one year 
and two-year timeframes. Infilling rates and timing will be finalized during the detailed closure 
design stage and included in the final Closure Design Report.  

Table 2-3: Infill volumes for A418  

Parameter Units 

A418a 

A418-2a A418-3a A418-4a 

Total Mine Void Space m3 33,892,406 33,892,406 33,892,406 

FPK Volume m3 5,000,000 10,000,000 5,000,000 

Void Space to be infilled   28,892,406 23,892,406 28,892,406 
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Table 2-4: Infill rates for A418 and A154 

Parameter Units 

6 Months 1 Year 2 Years 

A418 A154 A418 A154 A418 A154 

Total Flow Rate m3/h 7,580 14,080 3,720 6,910 1,800 3,200 

Number of Pipes - 2 4 2 2 2 2 

Flow Velocity m/s 2.41 2.18 1.79 2.18 1.79 1.79 

DDMI anticipates that floodwater energy from infilling the mine workings will be dissipated (e.g. 
dispersed onto boulder material or a barge) to reduce re-suspension of settled PK material. This 
will be determined during final design. Groundwater will also continue to naturally seep into the 
mine workings. The estimated groundwater inflow is expected to comprise less than 10% of total 
infill water. The final level of porewater and PK in the mine workings prior to infilling will be 
determined as part of final closure design and will be specified in the final Closure Design Report 
for approval by the WLWB. A range of possible decant water levels have been considered from 
5 m to 15 m in the scenarios previously described.  

Infilling will create a freshwater cap overlying the PK deposited in mine workings. The depth of 
this water will vary by deposition scenario, as illustrated previously in Figure 2-3, Figure 2-4 and 
Figure 2-5. Once infilled, the pit lake will be allowed to stabilize naturally. The freshwater cap is 
intended to result in a stratified lake (i.e., a lake that will not mix under normal (i.e., not 
unanticipated) conditions), with the PK porewater remaining at the bottom. Further description of 
lake conditions is provided in Section 4.0 (Assessment of Potential Effects on Water Quality), and 
further description of an unanticipated condition is provided in section 3.2.3 (Accident and 
Malfunction Scenarios). 

Table 2-5:  Depth of Freshwater Cap Overlying PK and Porewater in Nine Scenarios 

Scenario 
Depth of Porewater  

m) 
Depth of Freshwater Cap  

(m) 

A418-2a 5 153 

A418-3a 5 100 

A418-4a 15 143 

A154-2a 5 204 

A154-3a 5 154 

A154-4a 15 194 

A21-2a 5 80 

A21-3a 5 46 

A21-4a 15 70 
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Pit lake water quality will be monitored to confirm that meromictic conditions associated with water 
column stratification have been established, and to confirm required water quality criteria have 
been met. Once pit lake water quality meets applicable water quality criteria, the pit lakes will be 
reconnected to Lac de Gras by breaching the dikes. This “stabilization” of pit lake water is 
predicted to take up to two years, and is discussed further in Section 4.0. Mine workings infilling 
and reconnection to Lac de Gras will be conducted consistent with the methods currently 
described in the ICRP or as may be approved by the WLWB in the final Closure Design Report.  

2.4.4 Post-Closure 

Once the flooded mine workings are considered fully integrated with Lac de Gras, the post-closure 
phase will begin, with principal activities consisting of ongoing monitoring of water quality and fish. 
For the purpose of this assessment, the post-closure phase is extended to 100 years, though 
monitoring activities will cease prior to this, and upon approval of the regulators, consistent with 
the requirements of a final Closure Plan for the Diavik Mine.  

2.5 DEVELOPMENT SCHEDULE 

The PKMW Project schedule relates to the remaining capacity of the PKC Facility as approved 
by the WLWB on October 9, 2018 (Phase 7a and 7b raises). The PKC Facility Phase 7a raise is 
predicted to be at capacity in November 2021. Underground mining in A418 will be complete in 
late 2021, making it available for deposition at that time. Alternatively, A154 or A21 may become 
the preferred location for PK deposition, depending on the mine plan. 

Deposition of PK into one of the three mine workings would begin in late 2021. 

The schedule of activities during the four phases of the PKMW Project are summarized in  
Table 2-6. 

Table 2-6:  Development Schedule 

Development 
Phase Activity Start End 

Construction Construction of PK Slurry Pipeline June 2021 October 2021 

Operations Deposition of FPK into A418 (A154 and 
A21 as alternates) 

November 2021 2025 

 Deposition of EFPK from PKC Facility As early as 2023 if 
feasible 

As late as 2028 if 
necessary  

 Porewater decanting (dewatering) and 
management 

Once water levels 
reach pumping 
infrastructure – 
estimated 2022 

As late as 2028 if 
necessary with EFPK 
deposition 
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Table 2-6:  Development Schedule 

Development 
Phase Activity Start End 

Closure Infilling of A418, A154 and A21 with 
freshwater from Lac de Gras 

June 2026 
(timeframe to be 
confirmed in Final 
Design) 

6 months to two years 
(timeframe to be 
confirmed in Final 
Design) 

 Natural stabilization of water in pit lakes; 
monitoring of water quality in pit lakes 
prior to reconnection with Lac de Gras 

January 2027 Up to two years or as 
may be required to meet 
water quality criteria prior 
to reconnection 

 Dike breaching and reconnection of pit 
lakes with Lac de Gras 

2029 or earlier  

Post-closure Ongoing Monitoring of pit lake water 
quality during ongoing interactions 
between deposited PK and lake water 

2029 as required to 
demonstrate 
Reclamation 
Performance 

2.6 ALTERNATIVES/OPTIONS 

DDMI evaluated four options to storing PK for the remainder of mine life: 

1. Expand (raise) the existing PKC Facility to full proposed extent (Phase 7a and 7b Raise) to 
be able accommodate all PK over life of mine 

2. Divert all PK to mine workings (no expansion of PKC Facility) 
3. Fill PKC Facility to approved capacity (Phase 7a raise) and construct additional onsite PK 

storage facility  
4. Fill PKC Facility to approved capacity (Phase 7a raise) and divert remainder of PK to mine 

workings 

Option 1: Traditional Dam Raise  

The PKC Facility dams are lined rockfill dams. The existing dam has been constructed in “raises” 
to an elevation of 465 m above sea level. The dam raises have been completed by placing rock 
on the downstream side to increase the foundation base to allow an overall increase in height. 
The sixth dam raise took three years to complete. DDMI anticipates a similar timeframe for a full 
Phase 7 dam raise if undertaken. 

Completing a traditional downstream rockfill dam raise is constrained by a lack of footprint on the 
east and west dam portions of the PKC Facility. Additionally, it is predicted that a dam raise 
greater than 5 m would be required to contain remaining PK. Given the technical, engineering, 
and costs associated with completion of a traditional downstream dam raise, DDMI has explored 
other options for extending the storage capacity of the PKC Facility. 
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DDMI received approval from WLWB for a 4 m (469 m above sea level) Phase 7a dam raise for 
the PKC Facility in 2018. The Phase 7a raise is being constructed from 2018-2021. This approach 
provides certainty and contingency for short-term PK storage as well as operational flexibility for 
long-term PK storage considerations. 

Option 2: A418 Deposition with no Expansion to PKC Facility  

DDMI considered options that would not require a PKC Facility dam raise, given that the current 
dam height would be sufficient to contain the predicted volume of PK materials through to 2021. 
Option 2 considers accelerating underground mining of the A418 kimberlite pipe to make the A418 
underground and open pit available for PK deposition prior to 2021. However, it is currently not 
feasible to mine out the A418 kimberlite prior to 2021 given the current constraints of mine depth 
and stope design. Proceeding with option 2 would mean there would be no contingency if the 
PKC Facility was filled to capacity before A418 mine workings became available.  

Option 3: Construct Additional Onsite Storage  

DDMI evaluated the option of storing PK in the onsite collection ponds and/or the north inlet. 
There is not enough cumulative storage capacity within these facilities to accommodate PK 
material predictions. Additionally, each of these facilities has an operational purpose and filling 
them with PK would prevent their intended use. 

Option 4: Combination of a PKC Facility Dam Raise and A418 Deposition  

Completing a partial dam raise on the PKC Facility (7a) with planned future deposition of PK in 
the A418 open pit/underground mine workings is DDMI’s preferred option to manage life of mine 
PK permanent deposition and storage. Commencing a smaller PKC Facility dam raise reduces 
the operational risk if the current amendment application were rejected or if the capacity of the 
PKC Facility was to be reached sooner than planned. As it takes three years to complete a dam 
raise, an immediate decision was taken to proceed with a dam raise concurrent with this 
amendment application. The degrit process would be utilized to maximized PKC storage in the 
short-term. If disposal to mine workings is authorized, the degrit process would be discontinued. 
Depositing PK in the mine workings reduces DDMI expenditures in the later years of the mine life, 
while also enabling alternative closure options and schedules for the PKC Facility. 

DDMI’s preferred option is to maximize the use of completed mine workings for PK storage over 
further PKC Facility raises and continued on-land storage. The earliest opportunity to use a 
completed mine working (A418) is currently November 2021. In this case, PK deposition will 
continue to  fill the PKC Facility to its approved Phase 7a capacity and then to divert the remainder 
of PK over life of mine to the A418 mine workings. An expansion of the PKC facility to the Phase 
7b level or higher would be required if use of mine workings is not permitted. Expansion is limited 
by available land area, thus focusing on upward expasion. Additional details related to 
consideration of alternatives are provided in Attachment 1 of DDMI’s application to amend water 
licence W2015L2-001 (June 2018).  
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3.0 ENVIRONMENTAL ASSESSMENT OVERVIEW 

The following sections describe the basis for the assessment of the Processed Kimberlite to Mine 
Workings (PKMW) Project and the approach taken by Diavik Diamond Mines Inc. (DDMI) to 
satisfy the Mackenzie Valley Environmental Review Board (MVEIRB)’s requirements in respect 
to assessing this development pursuant to the Mackenzie Valley Resource Management Act.  

3.1 SCOPE OF THE ENVIRONMENTAL ASSESSMENT 

3.1.1 Scope of Development 

In 1999, the Canadian Environmental Assessment Agency issued its Comprehensive Study 
Report in respect of the Diavik Diamonds Project (1999 Comprehensive Study). The Diavik 
Diamond Mine (Diavik Mine) has been operating since 2003 under authorizations from the 
Wek’èezhìi Land and Water Board (WLWB), Fisheries and Oceans Canada, Transport Canada 
and Government of the Northwest Territories, in addition to an Environmental Agreement. The 
principal works and activities of the Diavik Mine are related to: the mining of kimberlite ore from 
three open pit and underground mine workings; the processing of kimberlite to extract diamonds; 
and, the management of processed kimberlite (PK) – a mine waste. In respect of the management 
of PK, DDMI deposits all PK into a PK Containment (PKC) Facility designed to contain both coarse 
and fine PK (FPK) generated at the Process Plant. At mine closure, the mine workings will be 
flooded with water from adjacent Lac de Gras and the PKC Facility will be capped and reclaimed 
to meet the objectives as currently approved in Diavik Mine’s Interim Closure and Reclamation 
Plan (ICRP) (version 3.2). 

In June 2018, DDMI applied to the WLWB to amend its water licence W2015L2-001 to permit the 
deposition of PK into one or more of three underground and/or open mine workings beginning in 
late 2021, to avoid the need to further expand the PKC Facility beyond what is currently approved. 
DDMI proposes to:  

• Deposit FPK generated at the Process Plant into one or more of mine workings A418, A154 
and/or A21. Deposition to A418 is preferred, with A154 and A21 considered as alternatives. 

• Optionally deposit extra-fine PK (EFPK), removed from the PKC Facility into one or more of 
mine workings A418, A154 and/or A21, with A418 being preferred. 

• Infill the remaining space of mine workings with water from Lac de Gras over a period of 6 
months to two years and reconnect the pit lakes with Lac de Gras as is described in the 
mine’s ICRP. 

DDMI notes that the actvity of re-mining EFPK from the PKC Facility has since been withdrawn 
from the PKMW Project; however, transporting and depositing EFPK originating from the PKC 
Facility into mine workings is considered as an optional component of the PKMW Project. Should 
it decide to pursue this option in the future, DDMI will apply to the WLWB to seek approval. DDMI 
has retained the assessment of deposition of EFPK into mine workings as part of this assessment, 
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as the issues of concern related to this optional activity are the same as for deposition of FPK to 
mine workings, as are the assessment methods.   

3.1.2 Scope of Assessment 

The MVEIRB, in its reasons for decision to refer the PKMW Project to environmental assessment, 
noted the potential for significant adverse environmental impacts and potential for significant 
public concern arising from placement of PK into open pits and underground mine workings. This 
activity was not assessed as part of DDMI’s 1998 Comprehensive Study, and is not currently 
approved in the ICRP (version3.2) nor authorized in the Fisheries Act Authorization. The MVEIRB 
in its referral to environmental assessment, identified potential significant adverse effects could 
arise from: 

• The irreversibility and permanency of placing PK within mine workings 
• Uncertainty whether pit lakes can be reconnected to Lac de Gras and restored to productive 

fish habitat as proposed in the 1998 Comprehensive Study 
• Loss of cultural use of Lac de Gras 
• The use of new technology (meromixis) as a containment method 
• Changes to water quality 
• Activities occurring within an important migration corridor for caribou 
• Cumulative effects of the PKMW Project in combination with effects from Diavik Mine and 

Ekati Mine 

Potential significant public concern arises out of the uncertainty whether pit lakes can be 
reconnected to Lac de Gras and restored to productive fish habitat in accordance with DDMI’s 
closure objectives.  

In its Final Scoping Document and Reasons for Decision, MVEIRB identified three questions to 
be answered by the environmental assessment: 

1. Is storing PK in open pits and underground mine workings likely to be safe for the 
environment and acceptable to parties, including traditional users of the Lac de Gras area? 

2. If PK is stored in open pits and underground mine workings, under what conditions, if any, 
should the pit lakes be reconnected with Lac de Gras? 

3. How might changes to water quality resulting from reconnection to Lac de Gras affect the 
cultural use of the Lac de Gras area, fish and fish habitat or wildlife after closure? 

MVEIRB has provided direction that these questions are to be addressed in respect of the effects 
of the PKMW Project on: 

• Water quality 
• Water quantity 
• Fish and fish habitat 
• Cultural use of the area 
• Caribou, aquatic and migratory birds and wildlife species at risk  
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The assessment must also assess the effects of accidents and malfunctions and cumulative 
effects. 

3.2 ENVIRONMENTAL ASSESSMENT APPROACH 

DDMI’s assessment of the effects of the PKMW Project on the environment is based on design 
and numeric analyses completed by Golder Associates Ltd. (Golder) and assessment and 
characterization of effects completed by Stantec Consulting Ltd. (Stantec), as based primarily on 
criteria used by DDMI in the 1998 Comprehensive Study. DDMI retains responsibility for the 
project as proposed. 

In completing this Summary Impact Statement (SIS) DDMI has reflected the purpose of this 
document as a means to present information necessary for the MVEIRB to make a decision 
whether the project is likely to have a significant impact on the environment or be a cause of 
significant public concern. In doing so, the MVEIRB must consider: 

• The significance of impacts of the PKMW Project on the environment, including the impact 
of accidents or malfunctions, as well as the cumulative impacts of the PKMW Project 
combined with other developments 

This SIS presents an assessment of effects of the PKMW Project on each of the valued 
component (VC)s identified by the MVEIRB.  

3.2.1 Selection of Valued Components 

The VCs used in this assessment, to reflect the MVEIRB’s requirements, include: 

• Water Quality 
• Fish and Fish Habitat 
• Surface Water Quantity 
• Wildlife, including Caribou, Species at Risk and Aquatic and Migratory Birds 
• Cultural Land Use 

Each VC assessment includes a significance determination on residual and cumulative effects 
and an assessment of potential effects of accidents and malfunctions on the VC. 

3.2.2 Assessment Scenarios 

As previously detailed in section 2.0, the PKMW Project can be described by: 

• The total amount of FPK to be deposited into one or more of mine workings A418, A154 
and/or A21, with A418 being preferred 

• The total amount of EFPK to optionally be deposited into one or more of mine workings 
A418, A154 and/or A21 

• The depth of porewater to be retained above PK in mine workings to which PK is deposited 
(i.e., water not otherwise decanted) 
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Table 3-1 provides a summary of the three scenario names used: 2a, 3a and 4a. 

Table 3-1:  PKMW Project Summary Scenarios 

Summary Scenario 
Total FPK Volume Deposited 

to A418, A154 and/or A21 

Total Volume EFPK 
Optionally Deposited to 
A418, A154 and/or A21 

Depth of Porewater 
Overlying PK (where PK 

is deposited) 

2a 5 Mm3 - 5 m 

3a 5 Mm3 5 Mm3 5 m 

4a 5 Mm3 - 15 m 

To assess the effects of the PKMW Project on Surface Water Quality, nine assessment scenarios 
were developed, each reflecting modeling completed by Golder for Scenarios 2a, 3a and 4a for 
each of A418, A154 and A21 (Golder, 2018). These scenarios reflect all of the PK being placed 
into a single mine working.  

• The nine assessment scenarios are summarized in Table 3-2. 

Table 3-2: PKWM Project Assessment Scenarios 

Mine Working PKMW Project Assessment Scenario 

A418 A418-2a 
5 Mm3 FPK / 5 m porewater  

A418-3a 
5 Mm3 FPK and 5 Mm3 
EFPK / 5 m porewater 

A418-4a 
5 Mm3 FPK / 15 m 
porewater 

A154 A154-2a 
5 Mm3 FPK / 5 m porewater  

A418-3a 
5 Mm3 FPK and 5 Mm3 
EFPK / 5 m porewater 

A154-4a 
5 Mm3 FPK / 15 m 
porewater 

A21 A21-2a 
5 Mm3 FPK / 5 m porewater  

A21-3a 
5 Mm3 FPK and 5 Mm3 
EFPK / 5 m porewater 

A21-4a 
5 Mm3 FPK / 15 m 
porewater 

Additional detail on VC-specific assessment methods is included in each VC Section. 

3.2.3 Accident and Malfunction Scenarios 

DDMI has assessed the effects on VCs of two accident and malfunction scenarios: 

• An uncontrolled rock release resulting from geotechnical instability in a pit wall, once infilled 
with PK and water 

• An uncontrolled release of PK from a PK slurry pipeline 

Further description of an uncontrolled rock release within an open pit once infilled with PK and 
water was previously described in Golder (2018), provided in response to WLWB IR#1 on 
November 6, 2018, and further in DDMI response to WLWB IR#5 on February 11, 2019. At the 
Technical Session, DDMI’s Geotechnical Engineer explained that filling the underground mine 
voids in A418 with PK material would improve pit wall stability in the lower sections of the mine 
and that filling the open-pit with water would eliminate wall pore-water pressure improving pit wall 
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stability. A pit wall failure of sufficient magnitude to fully mix the A418 pit lake was described as 
very rare. 

An uncontrolled release of PK from a PK slurry pipeline could occur as a result of a rupture of the 
pipeline during routing operations, including failure of a pipeline connection or an impact from a 
vehicle. 

3.2.4 Assessment Methods 

Each VC is assessed using a common approach that: 

1. Defines the scope of the VC assessment: identifies regulations specific to the VC; identifies 
the influence that consultation and engagement has on the assessment; identifies potential 
effects and pathways of effects; defines the spatial and temporal boundaries of the 
assessment; describes methods to be used for characterizing residual effects; and defines 
significant effects 

2. Describes existing conditions for the VC 
3. Identifies project interactions with the VC and potential effects that will be assessed 
4. Assesses residual effects on the VC: analytical techniques; pathways for each effect; 

mitigation for each effect; characterization of residual effects 
5. Assesses cumulative effects 
6. Determines significance of effects 
7. Evaluates confidence in predictions 
8. Summarizes follow-up and monitoring 

The assessment approach is modified for cultural resources to reflect the human aspect of this 
VC.  

The assessment for each VC is based on existing conditions as available from monitoring reports 
available for the Diavik Mine, information previously filed by DDMI in respect of the PKMW Project, 
information available from the public record for other projects (e.g., Jay Project), and a literature 
review. No new field data has been collected.  

Spatial boundaries for the assessment of VCs have been selected based on assessment areas 
used in the 1998 Comprehensive Study, namely a project development area (PDA), local 
assessment area (LAA) and regional assessment area (RAA). These are specific to each VC. 
Temporal boundaries for the assessment reflect the approximately nine-year period of 
construction, operation and closure activities, and a 100-year post-closure period.  

Potential interactions between the PKMW Project and VCs is based on the activities listed in the 
development schedule previously presented in Table 2-6. Potential effects to a VC reflect a 
potential change to the VC as a result of a project activity. The pathway of this effect and the 
measurable parameter that will be used to measure the change to the VC is identified. Mitigations 
measures will be proposed to reduce potential effects have that been identified. The effects 
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remaining after the application of mitigation measures are residual effects that are further 
characterized. 

The characterization of residual effects is based on methods used in the 1998 Comprehensive 
Study (DDMI, 1998) to maintain consistency of the assessment of this modification of the mine 
operation with the original assessment of the Diavik Mine as a whole. Definitions used to 
characterize the direction, geographic extent, magnitude, frequency, duration, reversibility and 
ecological and socio-economic context have been adopted from the 1998 Comprehensive Study 
as applicable to each VC. Additional comments are added about the geographic extent of the 
effect into Nunavut (a transboundary jurisdiction). Effect levels from I to IV were used in the 1998 
Comprehensive Study to classify effects from lowest to highest and then used by the Canadian 
Environmental Assessment Agency (CEAA) to define a significant effect specific to each VC. 
Effect levels are not used in this SIS, since the definitions of significance used by the CEAA in 
the 1999 Comprehensive Study Report have been adopted in the VC assessments, where 
applicable. 

Project residual effects that are likely to interact cumulatively with past, present and reasonably 
foreseeable future project and physical activities are identified and the resulting cumulative effects 
addressed. Where no residual effects exist no assessment of cumulative effects is completed.  

3.3 PUBLIC CONSULTATION AND ENGAGEMENT 

This section provides a summary of the public consultation and engagement activities that took 
place in relation to the PKMW Project. Included is a list of the stakeholders with whom DDMI 
engaged and a summary of the topics that were discussed. 

DDMI operates under a Community Engagement Plan and policy that is used to guide 
engagement activities throughout the routine operations of the Diavik Mine. The Engagement 
Plan was developed in accordance with the Wek’èezhìi Land and Water Board (WLWB) policy 
and guidelines and was last updated in 2018 (Engagement Plan V2.1). DDMI is currently updating 
the Engagement Plan (V2.2) to meet WLWB directives. 

Supplementary to the activities in the plan, DDMI held meetings with stakeholders to specifically 
solicit input on its water licence amendment application for the PKMW Project. Most stakeholder 
engagement related to the PKMW Project was initiated in December 2017 and continued up to 
February 2018, prior to submission of the water licence amendment application to the WLWB in 
June 2018. Additional meetings were held in April 2019. DDMI focused on engagement with the 
following First Nation and Métis groups. These groups are signatories to a Participation 
Agreement with DDMI: 

• the Łutsel K’e Dene First Nation; 
• the North Slave Metis Alliance; 
• the Tłı̨chǫ Government; 
• the Kitikmeot Inuit Association and, 
• the Yellowknives Dene First Nation; 
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Additional meetings were held with regulators and other government agencies, including: 

• Government of Northwest Territories; 
• Mackenzie Valley Environmental Impact Review Board; 
• Wek’èezhìi Land and Water Board; 
• Department of Fisheries and Ocean; and  
• Environment and Climate Change Canada. 

Table 3-3 summarizes the dates of meetings, participants and main topics of discussion: 

Table 3-3: Water Licence Amendment Engagement Details 

Date Attendees Discussion Topics 

January 12, 
2018 

North Slave Métis Alliance • Dam raise and PK to A418 timing, methods and process for 
moving PK 

• Ekati’s PK storage methods  
• Potential PKC Facility closure options, minimizing footprint and 

utilizing underground timeline of amendment process 

January 23, 
2018 

Environment and Climate 
Change 

• Dam raise and PK to A418 timing, methods and process for 
moving PK 

• Ekati’s PK storage methods  
• Potential PKC Facility closure options, minimizing footprint and 

utilizing underground timeline of amendment process 

January 24, 
2018 

Government of Northwest 
Territories 

• Impacts and benefits of PKC closure 
• Question regarding requirement to update security estimate 

with application 
• Discussions regarding deposition plans and monitoring 

requirements 
• Possible extension of water licence term to 2026 and benefit of 

avoiding simultaneous operation and closure licenses. 
• Question regarding pipeline spill contingency 
• Discussions regarding water quality in pit lake at closure 

January 29, 
2018 

Łutsel K’e Dene First 
Nation 

• Dam raise and PK to A418 timing, methods and process for 
moving PK 

• Ekati’s PK storage methods  
• Potential PKC Facility closure options, minimizing footprint and 

utilizing underground timeline of amendment process 

January 30, 
2018 

Yellowknives Dene First 
Nation 

• Information request of other examples of PK to mine workings 
• Questions regarding effect of meromictic conditions in pit lakes 
• Impacts on caribou and fish 
• Impacts on water quality and the Closure Plan 

January 30, 
2018 

Department of Fisheries 
and Oceans 

• Fish habitat compensation within the A418 footprint 

February 2, 
2018 

Kwe Beh Resource 
Working Group 

• Questions regarding incorporating monitoring of effects of PK in 
mine workings in the AEMP 
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Table 3-3: Water Licence Amendment Engagement Details 

Date Attendees Discussion Topics 

February 13, 
2018 

Kitikmeot Inuit Association • Discussed anticipated quantity of “slime” slurry 
• Effects of nitrate in PK slurry on water quality post closure 
• Potential for seepage of PK to lake post-closure 
• Potential for PK movement post closure 

February 28, 
2019 

Kugluktuk Hunters and 
Trappers Organization 

• PK to A418 engagement presentation 

April 3, 2019 Łutsel K’e Dene First 
Nation 

• Study cited by LKDFN that Lac de Gras water quality had 
changed; DDMI clarified that water changed but potable 

• Participants noted that people do drink from Lac de Gras 
• Discussion on historical caribou migration routes and caribou 

use of site (grazing, escape from mosquitoes, watering holes) 

April 23, 
2019 

Yellowknives Dene First 
Nation 

• YKDFN rights and responsibilities to land and traditional uses 
• Environmental stewardship, particularly with respect to PKMW 

Project 
• Environmental monitoring 
• Suitable information sharing related to the PKMW Project (plain 

language, 3D model) 

3.4 INCORPORATION OF TRADITIONAL KNOWLEDGE 

DDMI’s engagement with Indigenous groups began in 1994, early in the planning phases for the 
original Diavik Diamond Mine Project. DDMI supported the following traditional knowledge (TK) 
studies:  

• "Weledeh Yellowknives Dene, A Traditional Knowledge study of Ek'ati." (Yellowknives Dene 
First Nation Elders Advisory Council 1997) 

• Habitat of Dogrib Traditional Territory: Place Names as Indicators of Bio-geographical 
Knowledge (Dogrib Renewable Resources Committee 1998) 

• Dogrib Traditional Knowledge: Relationship between Caribou Migration Patterns and the 
State of Caribou Habitat (Dogrib Renewable Resources Committee 1998a) 

• Final Report Community-Based Monitoring. Traditional Knowledge Study on Community 
Health, Community-Based Monitoring Study (Parlee and Łutsel K’e Dene First Nation 1998) 

• Final Report West Kitikmeot Slave Study. (West Kitikmeot Slave Study Society 2001) 
• Naonaiyaotit Traditional Knowledge Study (Kugluktuk Anogonaitit Association, n.d.) 

Information obtained through these TK studies and other engagement was incorporated into the 
1998 Comprehensive Study. DDMI has established a TK Panel and has undertaken Aquatics 
Effects Monitoring Program (AEMP) TK Studies.  
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DDMI annually sponsors TK Panel Sessions (for example EMAB 2012; EMAB 2012a; Thorpe 
Consulting 2018). The TK Panel Sessions included participation of Elders, youth and knowledge 
holders from the five Indigenous groups party to the Environmental Agreement and address topics 
as agreed to between DDMI and the TK Panel including for example caribou monitoring, 
reclamation and mine closure, and options for processed kimberlite. The TK Panel Session 
reports have been reviewed and the relevant observations, concerns and issues have been 
included in this assessment. 

Each VC section further describes the consideration of TK in the assessment.  
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4.0 ASSESSMENT OF POTENTIAL EFFECTS ON WATER 
QUALITY 

Water is an essential resource for all life. Change to the quality of water as a result of the 
Processed Kimberlite to Mine Workings (PKMW) Project could affect the health and well-being of 
people and of the aquatic ecosystem, including fish, wildlife (such as caribou or aquatic and 
migratory birds), and species at risk. Water Quality has been identified as a valued component 
(VC) because of the importance of this resource to water users, including the occupation and 
traditional use of the land by Indigenous groups. The Water Quality assessment informs the 
assessment of the Fish and Fish Habitat, Wildlife and Wildlife Habitat, and Cultural Use VCs. 

4.1 SCOPE OF ASSESSMENT 

This section defines the scope of the environmental assessment on the Water Quality VC in 
consideration of regulatory guidance; concerns identified during public, stakeholder, and 
Indigenous engagement activities; potential project-VC interactions; and existing knowledge. 
Mackenzie Valley Environmental Impact Review Board (MVEIRB) determined the scope of 
development for the environmental assessment and noted that water quality is a key driver of 
potential adverse effects on other valued components, including effects on cultural use of the Lac 
de Gras area. Therefore, this section focuses on potential environmental effects of the PKMW 
Project on water quality within the mine workings and in Lac de Gras.  

4.1.1 Regulatory and Policy Setting 

The regulatory requirements associated with water quality include federal and territorial laws and 
policies, as well as water quality guidelines. 

The federal Fisheries Act, in particular Sections 34 through 42, regulates fisheries and addresses 
water pollution. Section 36 prohibits the deposit of deleterious substances into waters frequented 
by fish, unless Authorized under regulations. A deleterious substance is defined in Section 34. 
Metal and diamond mining operations are further regulated under the Act by the Metal Mining and 
Diamond Effluent Regulations (MDMER). 

The territorial Waters Act is administered by the Department of Environment and Natural 
Resources and regulates water quality through water usage and disposal of waste in water 
bodies. Within the Mackenzie Valley, water quality regulation is shared by the Mackenzie Valley 
Land and Water Board, along with the Sahtu, Gwich'in, and Wek'eezhìi land and water boards.  

Federally, Health Canada’s Guidelines for Canadian Drinking Water Quality (GCDWQ) apply to 
potable water. The intent of these guidelines is to provide the maximum acceptable 
concentrations of various substances in drinking water to provide clean, safe, and reliable drinking 
water while protecting the health of the most vulnerable members of the population (Government 
of Canada 2018). 
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The Canadian Council of Ministers of the Environment (CCME) has established environmental 
quality guidelines for concentrations of substances in various environmental media (CCME 2014). 
For water quality, the Canadian Environmental Quality Guidelines include the Canadian Water 
Quality Guidelines for the Protection of Aquatic Life (Freshwater) (CWQG PAL), though the 
guidelines have no force of law unless formally adopted by provincial regulation.  

At a site-specific level, DDMI has developed an Aquatic Environment Monitoring Program (AEMP) 
Response Framework, which is used to avoid unacceptable effects to the Lac de Gras aquatic 
ecosystem as a result of the mine (Golder 2019). Pre-determined action levels (i.e., numeric 
concentration values for a range of water quality parameters) are used to identify any emerging 
changes in water quality. When certain action levels are exceeded, DDMI is required to notify 
Wek’èezhìi Land and Water Board (WLWB) and undertake specific responses, depending on the 
type and level of the effect. Up to ten defined action levels exist and are applicable to water quality 
in the mixing zone, near-field, mid-field, and far-field areas of Lac de Gras. In addition, water 
quality in Lac de Gras at the edge of the mixing zone is compared to the AEMP effects 
benchmarks. The effects benchmarks represent water quality concentrations intended to protect 
human health and/or aquatic life (Golder 2019). They are based on the CWQG PAL, the GCDWQ, 
guidelines from other jurisdictions (e.g., provincial or state guidelines), adaptations of general 
guidelines to site-specific conditions in Lac de Gras, or when appropriate, values from the 
scientific literature (Golder 2019).   

4.1.2 The Influence of Consultation and Engagement on the 
Assessment 

The following issues relevant to water quality were raised during DDMI’s consultation and 
engagement activities with Indigenous groups, stakeholders and regulators in respect of the 
PKMW Project in 2017 and 2018 (DDMI 2018a; Thorpe Consulting Services 2018): 

• How the addition of processed kimberlite (PK) to the mine workings will affect 
seepage/leachate and meromixis (permanent stratification of the pit lake water column) 

• The quality of water in mine workings at closure, and the need to use long-term water quality 
modelling in assessment of effects (100-year time frame for water quality modelling is likely 
an underestimation and should be extended) 

• The potential for PK addition to create a “dead lake” as a result of poor water quality in a pit  
• Changes to long-term water quality and closure plan (e.g., nitrate) 
• Water quality in the pit lake following an upset of meromixis 
• Options for mitigation of poor pit lake water quality as a result of stratification or 

destratification 
• Cumulative effects of other existing or planned projects, and 
• Continuing the AEMP to verify water quality predictions 

These issues helped shape the PKMW Project plan and design, and water quality modelling 
conducted to inform the environmental assessment. Additional information with respect to public 
consultation and engagement for the environmental assessment is found in Section 3.2. 
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4.1.3 Potential Effects, Pathways and Measurable Parameters 

The management of wastes and the use of water by humans can affect the quality of available 
water. The PKMW Project has the potential to result in a change in water quality over time in Lac 
de Gras, due to changes in water quality (e.g., general chemistry, nutrients, trace metals, 
suspended sediments, total suspended and dissolved solids) in the flooded mine workings.  

PKMW Project activities could potentially interact with water quality and result in adverse 
environmental effects to drinking water quality, or water quality for the protection of aquatic life. 
These would represent change in the nature of Lac de Gras, which could affect the occupation 
and traditional use of the land by Indigenous people. 

The effect pathway and associated measurable parameters used for the assessment of effects 
on water quality are provided in Table 4-1. 

Table 4-1: Potential Effect, Effects Pathway and Measurable Parameters for Water Quality  

Potential 
Environmental Effect Effect Pathway  

Measurable Parameter(s) and Units 
of Measurement 

Change in water quality • Interactions between PKMW Project 
activities and the environment that result 
in direct or indirect environmental effects 
to water quality (i.e., the quality of water 
with respect to the protection of aquatic 
life, or with respect to its suitability for 
consumption by humans) 

• Total dissolved solids (mg/L) 
• Total suspended solids (mg/L)  
• General chemistry (mg/L) 
• Nutrient concentrations (mg/L)  
• Trace metal concentrations (µg/L) 
• Dissolved Oxygen (mg/L) 
• Ammonia (mg/L) 

4.1.4 Boundaries 

4.1.4.1 Spatial Boundaries 

The spatial boundaries for the effects assessment of water quality include the Project 
Development Area (PDA) as well as the potential zone of influence surrounding the PKMW 
Project. The spatial boundaries for water quality are described below and outlined in Figure 4-1. 
These study areas are the same as those used in the 1998 Comprehensive Study (DDMI 1998). 

The PDA is the area disturbed by the PKMW Project during construction, operations, and closure, 
including the PK pipelines and mine workings  

The local assessment area (LAA) is the area used to assess project-specific effects. The LAA is 
delineated by the area of Lac de Gras encompassed within a one kilometer buffer around the 
East Island (Figure 4-1). 

The regional assessment area (RAA) includes the PDA and LAA and encompasses the entirety 
of the Lac de Gras watershed to the outlet of Lac de Gras at the Coppermine River (Figure 4-1). 
The RAA includes the Diavik Mine and the Misery and Jay Operations of the Ekati Mine, the only 
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other project with the potential to interact cumulatively with potential water quality effects from the 
PKMW Project. The RAA reflects the geographic scope described in the MVEIRB’s scope of 
assessment.  

4.1.4.2 Temporal Boundaries 

Temporal boundaries for the assessment of potential environmental effects on water quality are: 

• Construction: includes construction of the PK slurry pipeline from the Process Plant to mine 
workings beginning in 2021 (a five-month duration) 

• Operations: includes deposition of fine and extra-fine processed kimberlite (EFPK) into mine 
workings and decanting porewater from the mine workings to the Process Plant or North 
Inlet beginning in 2021 (four to six years) 

• Closure: includes infilling the remainder of mine workings with a freshwater cap (six months 
to two years) beginning as early as 2026, and breaching the dikes to connect the pit lakes to 
Lac de Gras in 2029 or earlier  

• Post-closure: the period after the pit lakes are connected to Lac de Gras in 2029 or earlier 
(extended to 100 years for the purpose of this assessment) 

The temporal boundary for the assessment of potential effects of the PKMW Project on the 
Surface Water Quality VC focuses on the closure and post closure phases, which includes filling 
the mine workings with freshwater from Lac de Gras, breaching the dikes to connect the pit lakes 
to Lac de Gras and the period after the pits are connected to Lac de Gras.  

There are no potential interactions between the PKMW Project and water quality during the 
construction phase because the slurry pipeline will be built within the existing mine footprint and 
not cross any new streams, wetlands, or ponds. Similarly, there are no potential interactions 
between the PKMW Project and water quality during the operations phases because there is no 
connection to Lac de Gras.  

For modelling purposes, a time frame of up to 100 years following flooding of the mine workings 
has been adopted for the post-closure period, though monitoring activities will cease prior to this, 
upon approval of the regulators, consistent with the requirements of a Final Closure Plan for the 
Diavik Mine. 
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4.1.5 Residual Effects Characterization 

For the purposes of this assessment, an environmental effect is defined as any change in the 
value of a water quality parameter. A residual environmental effect is the environmental effect 
after planned mitigation is taken into consideration. Table 4-2 defines the descriptors used to 
characterize residual effects on Water Quality. 

Table 4-2: Characterization of Residual Effects on Water Quality 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Direction The long-term trend of the 
residual effect 

Positive – a residual effect that moves measurable 
parameters in a direction beneficial to water quality relative to 
baseline.1 
Adverse – a residual effect that moves measurable 
parameters in a direction detrimental to water quality relative 
to baseline. 
Neutral – no net change in measurable parameters for the 
water quality relative to baseline.  

Magnitude 
 

The amount of change in 
measurable parameters or 
the VC relative to existing 
conditions 

Negligible – no measurable change or the concentration of 
the parameter is less than 5% above the AEMP benchmarks 
Low – a measurable change with the concentration exceeding 
the AEMP benchmark by 5 to 10% 
Moderate – a measurable change that exceeds the AEMP 
benchmark by more than 10% but less than or equal to 20% 
High – a measurable change of that exceeds the AEMP 
benchmark by more than 20% 

Geographic 
Extent  
 

The geographic area in 
which a residual effect 
occurs  

PDA – residual effects are restricted to the PDA 
LAA – residual effects extend into the LAA 
RAA – residual effects interact with those of other projects in 
the RAA 

Frequency 
 

Identifies how often the 
residual effect occurs and 
how often during the PKMW 
Project or in a specific 
phase 

Single event – occurs only once over the course of the 
PKMW Project 
Multiple irregular event – occurs more than once, at no set 
schedule 
Multiple regular event – occurs more than once, at regular 
intervals  
Continuous – occurs continuously 

Duration 
 

The period of time required 
until the measurable 
parameter or the VC returns 
to its existing condition, or 
the residual effect can no 
longer be measured or 
otherwise perceived 

Short-term – residual effect restricted to less than 3 years in 
duration 
Medium-term – residual effect extends from 3 to 30 years  
Long-term – residual effect extends beyond 30 years 
 

Reversibility 
 

Pertains to whether a 
measurable parameter or 
the VC can return to its 
existing condition after the 
project activity ceases 

Reversible – the residual effect is likely to be reversed after 
activity is complete or the mine has been decommissioned 
Irreversible – the residual effect is unlikely to be reversed 
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Table 4-2: Characterization of Residual Effects on Water Quality 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Ecological and 
Socio-economic 
Context 
 

Existing condition and 
trends in the area where 
residual effects occur 

Undisturbed – area is relatively undisturbed or not adversely 
affected by human activity  
Disturbed – area has been substantially previously disturbed 
by human development or human development is still present 

NOTE: 
1 It is recognized that given the relatively undisturbed nature of the waters of Lac de Gras, few if any changes to 

water quality would be perceived as beneficial. 

Criteria used to characterize PKMW Project residual effects on the Water Quality VC are generally 
consistent with the criteria used in the 1998 Comprehensive Study (DDMI 1998a). Descriptors for 
geographic extent and duration are the same as DDMI (1998a). However, the original assessment 
quantified magnitude descriptors in terms of change in parameter concentrations from ecological 
threshold values (the CDWG, CWQG, or other site-specific values such as United States 
Environmental Protection Agency Chronic values); the current assessment uses change related 
to AEMP benchmarks. Other differences from the original assessment are clearer definitions of 
ecological and socio-economic context ratings and reversibility (within the original assessment, 
reversibility was addressed for effects with medium or high magnitude and long-term duration).  

The magnitude of effects on water quality is defined using water quality benchmarks developed 
for the AEMP (Golder 2017a), which were established to maintain changes in water quality of Lac 
de Gras within acceptable ranges. The AEMP benchmarks are the lower of benchmarks 
developed for the protection of aquatic life (CWQG PAL) or the health of humans who may drink 
the water (GCDWQ). Where the CWQG PAL and GCDWQ are not available from the two primary 
sources, equivalent benchmark values from other jurisdictions may be adopted. In some cases 
(e.g., where natural background concentrations in Lac de Gras exceed the guidelines), 
adjustments have been made to the benchmark values. The CWQG PAL and the GCDWQ are 
intentionally and conservatively set at levels that are protective of their intended receptors. Thus, 
at the AEMP benchmark levels, there are no expected adverse effects to aquatic life or to human 
health. However, even if the AEMP benchmark levels are occasionally exceeded by modest 
margins or for short periods of time, it does not follow that there would be adverse effects to 
aquatic life or to human health.   

4.1.6 Significance Definition 

DDMI’s 1998 environmental assessment (DDMI, 1998) provided descriptions of effect 
characterization but left the definition of a significant environmental effect on water quality to the 
Canadian Environmental Assessment Agency (CEAA). For the purposes of this VC, the 
significance definition developed by CEAA for the 1999 Comprehensive Study Report (CEAA, 
1999) is used. The 1999 Comprehensive Study Report defined a significant adverse effect as a 
high probability of a permanent or long-term effect, of high magnitude, within the RAA, that cannot 
be technically or economically mitigated (CEAA 1999). The definition was adopted for this 
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assessment to provide consistency with the previous assessment and because of the consultation 
with regulators, indigenous groups, and communities that has taken place for the PKMW Project 
and for the AEMP. 

The rationale supporting this definition is that only after the dikes are breached will fish be able to 
enter the pit lake, transforming the pit lake into fish habitat. As long as the pit remains a mine 
working and not fish habitat, it is not reasonable to expect water quality to meet the AEMP 
benchmarks. This status will continue as long as PK is being deposited in the mine workings, 
while the pit lake is being filled, and until such time as the water quality in the pit lake is shown to 
be of acceptable quality, and the dikes are breached.   

The AEMP benchmark and significance threshold concentrations are listed in Table 4-3 and 
pertain to the top 40 m of surface water as it is anticipated there is limited use of the pit lake by 
aquatic receptors (i.e., fish) at depth below 40 m (DDMI 2019). 

Table 4-3: Revised Ecological Thresholds for Water Quality 

Variable Units AEMP Benchmark 
Significance 
Threshold1 

pH  6.5 to 9.0 NA2 

DO mg/L early life stages = 9.5 NA2 

DO mg/L other life stages - 6.5 NA2 

Total dissolved solids mg/L 500 NA2 

Total alkalinity mg/L n/a NA2 

total suspended solids mg/L +5 (24 h to 30 days) NA2 

total suspended solids mg/L +25 (24-h period) NA2 

Turbidity NTU 2.2 (long-term, IC) NA2 

Turbidity NTU 2.3 (long-term, OW) NA2 

Major ions  

Chloride mg/L 120 144 

Sodium mg/L 52 62 

Fluoride mg/L 0.12 0.144 

Sulphate3 mg/L 100 120 

Nutrients 

Ammonia as nitrogen mg/L 4.7 5.64 

Nitrate as nitrogen mg/L 3 3.6 

Nitrite as nitrogen4 mg/L 0.06 0.072 

Total Phosphorus5 mg/L - - 
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Table 4-3: Revised Ecological Thresholds for Water Quality 

Variable Units AEMP Benchmark 
Significance 
Threshold1 

Total metals  

Aluminum (total) µg/L 87 104 

Arsenic µg/L 5 6 

Barium µg/L 1000 1200 

Boron µg/L 1500  

Cadmium µg/L 0.1 0.12 

Copper µg/L 2 2.4 

Iron µg/L 300 360 

Lead µg/L 1 1 

Molybdenum µg/L 73 88 

Nickel µg/L 25 30 

Selenium µg/L 1 1 

Silicon µg/L 2100 2,520 

Silver µg/L 0.25 0.30 

Strontium µg/L 30000 36000 

Thallium µg/L 0.8 0.96 

Tin µg/L 73 88 

Uranium µg/L 15 18 

Zinc6 µg/L 30 36 

NOTES: 
1 Significance defined as 20% above the AEMP benchmark 
2 NA – not applicable (modelling results did not include this parameter)  
3 BCMOE (2013) water quality guideline for sulphate has been increased from 100 mg/L to 128 mg/L 

(hardness less than 30 mg/L) (BCMOECCS 2018); however, for consistency with the AEMP the threshold 
has been kept at 100 mg/L 

4 The benchmark is the same as the CWQG PAL and does not recognize the toxicity modifying role of 
chloride. British Columbia water quality guidelines for protection of aquatic life (BCMOECCS 2019) provide a 
sliding scale for average concentrations from 0.02 mg/L nitrite as N (<2 mg/L chloride) to 0.08 mg/L nitrite (6 
to 8 mg/L chloride. The range for maximum concentrations is 0.06 mg/L nitrite as N (<2 mg/L chloride) to 
0.24 mg/L nitrite as N (6 to 8 mg/L chloride). Average chloride concentration in Lac de Gras in 2018 was 3 
mg/L for which the maximum guideline is 0.12 mg/L nitrite as N and the average guideline is 0.04 mg/L 
nitrite as N. 

5 AEMP has a phosphorus total annual loading threshold, not a concentration benchmark. 
6 CWQG for zinc has been decreased from 30 µg/L to 7 µg/L; however, for consistency with AEMP the 

threshold has been kept at 30 µg/L. 
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4.2 EXISTING CONDITIONS FOR WATER QUALITY 

4.2.1 Methods 

To characterize the existing water quality conditions, a literature search was conducted using the 
following sources: 

• Environmental Effects/Environmental Assessment Reports (DDMI 1998a; Dominion 
Diamond 2014); 

• Aquatic Environment Monitoring Reports (Golder 2016 to 2019);  
• Relevant studies; and  
• Project-specific water quality modelling for pit lakes (Appendix B; Golder 2018; Golder 

2019a) 

Water quality monitoring has been conducted in Lac de Gras since 1994 (DDMI 1998). To assist 
in assessing trends over time, the sampling methods and laboratory procedures have been kept 
consistent, where feasible. However, improvements have been made to analytical detection limits 
and changes have occurred at some sampling stations to allow the program to meet the goals of 
the AEMP (Golder 2018a). 

Surface water sampling has included in situ measurement of dissolved oxygen, pH, and 
conductivity and laboratory analysis of total and dissolved metals, nutrients, and major ions. For 
this EA, the 2018 Lac de Gras water quality data were compared to the 1996 pre-construction 
baseline data (DDMI 1998) as the 2018 data are the most recent data available (Golder 2019). 

4.2.2 Overview 

Lac de Gras is a large lake in the headwaters of the Coppermine River. The Lac de Gras sub-
watershed has an area of approximately 4,100 km2. Lac de Gras water is soft, with a slightly acidic 
pH and low levels of nutrients and trace metals (DDMI 1998). Lac de Gras is considered an ultra-
oligotrophic lake, with mean total phosphorus concentrations typically less than 5 µg/L (DDMI 
1998; Golder 2018a). Given the low concentrations of nutrients, aquatic organisms live with 
limited food availability, limiting the productivity (i.e., abundance of organisms) in the lake. 

Surface water quality for Lac de Gras in 2018 is summarized in Table 4-4 and general sampling 
locations are provided on Figure 4-1. Water quality parameters are generally within the AEMP 
benchmarks (Golder 2019). Lac de Gras shows evidence of minor water quality changes as a 
result of discharges at Diavik Mine (DDMI 2013). Decreasing concentrations of various 
constituents (e.g., total nitrogen and phosphorus) are evident with distance (~5 km) from the 
discharge location (Golder 2019); as well, an effluent signature has been observed to reach the 
farfield areas (Golder 2018a). 
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At the Lac du Sauvage outflow to Lac de Gras (LDS-4), water quality is similar to the main body 
of Lac de Gras (Golder 2019). At the outlet of Lac de Gras to the Coppermine River (LDG-48), 
water quality is more similar to that at the MF3-7 transect, ~22 km from the effluent diffuser outflow 
(Golder 2019). 

Both traditional knowledge and scientific studies support the observation that water quality in Lac 
de Gras is still good and healthy (Thorpe Consulting Services Ltd. 2019). Traditional knowledge 
indicates that the water still tastes great in Lac de Gras (Thorpe Consulting Services Ltd. 2019). 

Lac de Gras is ice-covered from approximately mid-October to mid-June each year. Dissolved 
oxygen concentrations during winter are high (i.e., >6 mg/L) and above the lethal threshold for 
fish throughout the water column. The exceptions are in the isolated, deep water areas within one 
or two metres of the bottom where biological oxygen demand from bacterial decomposition of 
organic materials lowers dissolved oxygen concentrations to <1 mg/L (DDMI 2019). 

Following filling with PK, water depth will be approximately 215 metres (m) in pit lake A418 deep, 
300 m in A154 and 185 m in A21. Depths are measured from the base of the open pit to final 
flooded lake level at 416 m above sea level. 

Table 4-4: Minimum, Maximum and Average Concentrations of Water Quality Parameters in 
Lac de Gras (2018 data for all stations monitored in Lac de Gras) 

Parameters Units 
AEMP  

Benchmark 

1996 Baseline 
Water Quality 

(Pre-Construction) 
2018 AEMP Water Quality 

(Operation) 

Min Max Min Average Max 
Conventional Parameters  
Acidity as CaCO3, pH 4.5 mg/L - - - <1 <1 <1 

Acidity as CaCO3, pH 8.3 mg/L - - - <1 0.5 2.2 

Alkalinity, Phenolphthalein mg/L - - - <0.5 <0.5 <0.5 

Total Alkalinity mg/L - 4 6.2 <0.5 5.3 8.44 

Specific Conductivity - lab μS/cm - 11.3 21.4 1.1 34.5 69.2 

Total Hardness as CaCO3 mg/L - 4 6.5 <0.5 9.0 16.6 

Dissolved Hardness mg/L - - - <0.5 8.8 16.6 

pH - lab - 6.5 to 9.0 5.92 6.23 4.4 6.7 7.22 

Total Dissolved Solids, 
Calculated 

mg/L - - - <0.5 16.0 32 

Total Dissolved Solids, 
Measured 

mg/L 500 6 9.5 <1 18.2 32.8 

Total Suspended Solids mg/L + 5 to 25 <0.4 3 <1 0.6 1.7 

Total Organic Carbon mg/L - 1.7 4.2 0.1 2.4 4.1 

Turbidity NTU 2.2 -2.3 0.1 0.3 <0.1 0.2 0.57 
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Table 4-4: Minimum, Maximum and Average Concentrations of Water Quality Parameters in 
Lac de Gras (2018 data for all stations monitored in Lac de Gras) 

Parameters Units 
AEMP  

Benchmark 

1996 Baseline 
Water Quality 

(Pre-Construction) 
2018 AEMP Water Quality 

(Operation) 

Min Max Min Average Max 
Major Ions 

Bicarbonate mg/L - 5 7.6 <0.25 6.44 10.3 

Calcium mg/L - 0.85 1.48 <0.01 1.85 4 

Carbonate mg/L - <0.5 <1 <0.5 <0.5 <0.5 

Chloride mg/L 120 <0.1 0.6 <0.5 3.0 8.4 

Fluoride mg/L 0.12 - - <0.01 0.03 0.043 

Hydroxide mg/L - <0.5 <1 <0.5 <0.5 <0.5 

Magnesium mg/L - 0.43 0.77 <0.005 1.004 1.62 

Potassium mg/L - <0.02 0.81 <0.01 0.92 1.47 

Sodium mg/L 52 <0.01 0.84 <0.01 2.05 5.4 

Sulphate mg/L 100 0.8 2.1 <0.5 3.7 7 

Nutrients 

Ammonia - Maxxam mg N/L 4.7 - - 0.0025 0.0187 0.0903 

Ammonia - ALS mg N/L 4.7 - - <0.005 0.014 0.055 

Total Dissolved Ammonia mg N/L - <0.01 0.06 <0.005 0.011 0.062 

Nitrate mg N/L 3.0 0.014 0.064 0.1 0.031 0.174 

Nitrite mg N/L 0.06 <0.003 0.004 0.005 0.001 0.005 

Nitrate + Nitrite mg N/L - 0.018 0.066 0.1 0.031 0.174 

Total Kjeldahl Nitrogen mg N/L - <0.05 1.82 0.1 0.178 0.382 

Dissolved Kjeldahl Nitrogen mg N/L - - - 0.10 0.146 0.273 

Total Dissolved Nitrogen - 
Field Filtered 

mg N/L - - - 0.10 0.287 0.518 

Total Dissolved Nitrogen - 
Lab Filtered 

mg N/L - - - 0.10 0.180 0.344 

Total Nitrogen mg N/L - - - 0.10 0.213 0.407 

Soluble Reactive Phosphorus mg P/L - - - 0.005 0.009 0.0035 

Total Dissolved Phosphorus - 
Field Filtered 

mg P/L - - - 0.001 0.003 0.0096 

Total Dissolved Phosphorus - 
Lab Filtered 

mg P/L - - - 0.001 0.003 0.0048 

Total Phosphorus mg P/L - <3 <3 0.001 0.004 0.0113 

Total Metals 

Aluminum μg/L 87 9 87 0.1 10.9 189 

Antimony μg/L 33 - - <0.02 0.05 1.27 

Arsenic μg/L 5 <0.2 0.5 <0.02 0.26 0.48 
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Table 4-4: Minimum, Maximum and Average Concentrations of Water Quality Parameters in 
Lac de Gras (2018 data for all stations monitored in Lac de Gras) 

Parameters Units 
AEMP  

Benchmark 

1996 Baseline 
Water Quality 

(Pre-Construction) 
2018 AEMP Water Quality 

(Operation) 

Min Max Min Average Max 
Barium μg/L 1000 <0.2 2.5 <0.02 2.53 5.78 

Beryllium μg/L - <0.2 0.6 <0.01 0.01 0.123 

Bismuth μg/L - - - <0.005 0.003 0.005 

Boron μg/L 1500 <2 84 <5 3 31.1 

Cadmium μg/L 0.1 <0.2 <0.2 <0.005 0.003 0.007 

Calcium mg/L - - - <0.01 1.89 3.91 

Chromium μg/L 1 <0.2 8.5 <0.05 0.05 0.151 

Cobalt μg/L - <0.3 0.6 <0.005 0.020 0.331 

Copper μg/L 2 0.2 17.2 <0.05 0.64 7.24 

Iron μg/L 300 <0.02 110 <1 6 38.2 

Lead μg/L 1 <0.03 3 <0.005 0.005 0.0834 

Lithium μg/L - <0.2 2 <0.5 1.7 2.76 

Magnesium mg/L - <0.001 0.013 <0.005 1.038 1.65 

Manganese μg/L - 1 13 <0.05 4.09 30.2 

Mercury μg/L 0.026 <0.05 <0.1 <0.002 0.001 0.0038 

Molybdenum μg/L 73 0.2 1.5 <0.05 0.48 1.55 

Nickel μg/L 25 <0.5 3.8 <0.02 0.76 1.59 

Potassium mg/L - - - <0.01 0.95 1.52 

Selenium μg/L 1 <0.2 <0.3 <0.04 <0.04 <0.04 

Silicon μg/L 2100 - - <50 70 435 

Silver μg/L 0.25 <0.1 <0.1 <0.005 <0.005 <0.005 

Sodium mg/L 52 - - <0.01 2.09 5.16 

Strontium mg/L 3 3 8 <0.05 21.93 59.3 

Sulphur mg/L - - - <0.1 1.4 2.39 

Thallium μg/L 0.8 <0.1 <1 <0.002 0.001 0.0024 

Tin μg/L 73 <0.02 0.4 <0.01 0.01 0.266 

Titanium μg/L - <1 4 <0.5 0.3 2.34 

Uranium μg/L 15 <0.1 1.9 <0.002 0.085 0.283 

Vanadium μg/L - <0.1 0.2 <0.05 0.03 0.126 

Zinc μg/L 30 <0.6 28 <0.1 0.2 3.43 

Zirconium μg/L - - - <0.05 <0.05 <0.05 
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4.3 PROJECT INTERACTIONS WITH WATER QUALITY 

Table 4-5 identifies the physical activities that might interact with the Water Quality VC and result 
in the identified environmental effect. These interactions with the water quality of Lac de Gras are 
indicated by check marks and are discussed in detail in Section 4.4, in the context of effects 
pathways, standard and project-specific mitigation/enhancement, and residual effects. A 
justification for activities with no effect is provided in Section 4.4.1.1.  

Table 4-5: Project-Environment Interactions with Water Quality 

Physical Activities 

Environmental Effects 

Change in Water 
Quality of Lac de Gras 

Construction 

Activity 1 – Construction of a slurry pipeline from processing plant to mine workings – 

Operation 

Activity 1 – Deposition of fine PK and/or extra-fine PK to mine workings – 

Activity 2 – Management (decanting) and treatment of PK porewater from the mine 
working(s) 

– 

Closure 

Activity 1 – Infilling of mine working(s) with water from Lac de Gras  – 

Activity 2 – Natural stabilization of water in pit lakes; monitoring of water quality in pit 
lakes prior to reconnection to Lac de Gras 

 

Activity 3 – Breaching of dike(s) and mixing of pit lake water(s) with Lac de Gras  

Post-Closure 

Activity 1 – Ongoing monitoring in the pit lakes and Lac de Gras during ongoing 
interaction between deposited PK and lake water 

 

NOTES:   
 = Potential interaction    
– = No interaction 

Potential interactions of the PKMW Project with Water Quality in Lac de Gras have been identified 
for the closure and post-closure phases, when there will be mixing of pit lake water with waters of 
Lac de Gras. There are no potential interactions between the PKMW Project and water quality 
during the construction phase because the slurry pipeline will be built within the existing mine 
footprint and not cross any new streams, wetlands, or ponds. Similarly, there are no potential 
interactions between the PKMW Project and water quality during the operations phases because 
there is no connection to Lac de Gras.  

During closure, potential changes to water quality in pit lakes will result during the period when 
pit lakes are stabilizing after being filled with water, and from mixing of water in pit lakes with water 
from Lac de Gras when dikes are breached. Post-closure, the ongoing release of solutes from 
deep water layers to surface water layers of the pit lakes could result in a change in water quality, 
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relative to that of Lac de Gras. Both the pit lakes and Lac de Gras would support fish and wildlife 
receptors and be accessible to humans. 

4.4 ASSESSMENT OF ENVIRONMENTAL EFFECTS ON WATER 
QUALITY 

Water quality parameters within the upper 40 m of the water column are predicted to be below 
the updated ecological thresholds (AEMP benchmarks) for water quality in A418 and A154 
(scenarios 2a, 3a and 4a) and pit lake A21 (scenario 2a). Three water quality parameters (nitrite, 
nitrate and molybdenum) are predicted to exceed the thresholds at depths of 40 m below surface 
in scenarios A21-3a and nitrite is predicted to exceed the threshold in A21-4a at both surface and 
depths of 40m. Scenarios are described in Section 4.4.1. 

4.4.1 Analytical Assessment Techniques 

The results presented in the following section are based on modelling work undertaken by Golder 
(Appendix B, Golder 2018, 2019a) to describe the effects on water quality of Lac de Gras as a 
result of infilling the mine workings with PK and then with lake water. Three mine workings were 
modelled as options for PK disposal (A21, A418, and A154), with model results to be used to 
guide decisions on the preferred disposal location. For each mine working, three options for 
quantities of PK and amounts of porewater retained were modelled, resulting in nine scenarios, 
described in Section 2.3 and summarized in Table 4-6.  

Table 4-6:  PKMW Project Summary Scenarios for Modelling 

Summary 
Scenario 

Total Fine PK Volume Deposited 
to A418, A154, or A21 

Total Volume Extra Fine 
PK Optionally Deposited 

to A418, A154, or A21 
Depth of Porewater Overlying 
PK (where PK is deposited) 

2a 5 Mm3 - 5 m 

3a 5 Mm3 5 Mm3 5 m 

4a 5 Mm3 - 15 m 

NOTE:  
Modelling done to support the effects assessment assumes filling of a mine working individually to the specified 
volume, not the deposition of partial volumes of material in one mine working or another. 

Summary tables and figures were provided to Stantec for use in the effects assessment and they 
incorporate information and assumptions about project activities and how they will affect pit lake 
quality once the mine workings are filled. To determine if the pit lake water column would remain 
vertically stratified and to assess its long-term stability a two dimensional, laterally averaged, 
hydrodynamic and water quality model (CE-QUAL-W2) was used (Golder 2018). The model 
predicted changes in total dissolved solids, temperature, and two generic surrogate parameters: 
(1) a conservative water quality constituent that could be used to predict the concentrations of 
specific parameters (i.e., major ions, nutrients, and metals); and (2) a settleable constituent to 
predict the behavior of particulate materials. The model included meteorological and hydrological 
data, water quality data from Lac de Gras, and chemistry data for the PK porewater and extra fine 
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PK (EFPK). The concentrations of the various parameters that informed the model can be found 
in Appendix B (Tables B1-3).  

The modelling used simplified assumptions for the nine scenarios for planning purposes and can 
be refined further when the closure plan is updated for the preferred option. The modelling 
incorporated the following assumptions relating to the physical and chemical characteristics of the 
PKMW Project (Golder 2018):  

• Measured, modelled, or proxy water chemistry data used as inputs to the models are 
representative of its respective source and concentrations in the future (PK porewater is at 
the detection limits for constituents reported as non-detectable)  

• There is upward displacement of porewater as PK is added to a mine working 
• Groundwater inflow volume and mass is assumed to be negligible in comparison to the flow 

exchange with Lac de Gras 
• There is no local runoff from the mine area (assumed to be minor) 
• There is no (or negligible) runoff from the rock wall in comparison to other inflows  
• The model is assumed to be fully mixed at start of the simulation by water from Lac de Gras 
• Governing equations in CE-QUAL-W2 were laterally averaged and it was assumed that 

lateral variations in velocity, temperature, and constituents were negligible, and consistent 
with observations at another pit lake (e.g. Vandenberg and Litke 2018) 

• Salt exclusion is anticipated to be minimal as a result of low TDS in surface waters and the 
small volume of affected water relative to the pit volume 

• Bathymetry does not change as the consolidation process advances (this overestimates the 
mixing potential of the pit lake and TDS concentration within the vertical column) 

• Calibration of the model is not yet possible as the pit lake does not currently exist; however, 
rates and constants from previous model calibrations in the region were applied and are 
consistent with the model set up for the Jay Project (DDEC 2014) at the Ekati Mine and the 
pit lakes at the Gahcho Kue Project (DeBeers 2012; Vandenberg et al. 2015) 

• The consolidation of PK is conceptual and based on estimates of the material properties of 
PK and average porewater chemistry (there are high consolidation rates) 

• The open water season will be longer than is currently the case, which will over-estimate the 
potential for wind-driven mixing; 

• There is no biological uptake or transformation of parameters (e.g., reduction of nitrate and 
sulphate in the anoxic bottom waters or oxidation of nitrite in surface waters) (Golder 2018b; 
DDMI 2019). 

Following the WLWB Technical Sessions, the PK deposition scenarios were revised to those 
shown in Table 4-6. Predictions of pit lake water quality for the period following PK deposition 
were made for the nine scenarios described in Table 4-6. The predictions were for deposition of 
fine PK (FPK) and EFPK within one of the three mine workings (A418, A154, and A21) under 
scenarios 2a, 3a, and 4a. The model did not incorporate groundwater inflow, which allowed 
assessment of effects of PK consolidation and porewater chemistry separately from groundwater. 
This assumption was thought to be reasonable as the total groundwater inflow using a rapid fill 
scenario is small based on the work conducted in 2010 for A154 (DDMI 2019).  
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A change in the size of the areas where the dike is breached was not predicted to affect the 
surface water quality in the pit lake (Golder 2019a). However, the modelling indicated that a water 
cap of approximately 50 m depth was necessary to isolate the PK porewater from the surface and 
facilitate the stratification (stable meromixis) and was an effective mitigation for water quality 
based on the low surface water concentrations (Golder 2018). By extension,  deeper water caps 
would be similarly or more effective at sequestering the more highly concentrated waters in the 
bottom of the pit lakes. 

For the PKMW Project interactions analysis, background surface water concentrations in Lac de 
Gras were based on average observed concentrations at the nearest AEMP monitoring locations. 
For A21, these were stations MF3-3 and MF3-4 and for A418 and A154, these were stations 
MF3-1 and MF3-2. The average values can be found in Appendix B, Table B-3. 

Cumulative effects were modelled using the same model used for PKMW Project predictions, 
substituting background water quality based on the cumulative effects assessment in Lac de Gras 
from the Ekati Jay Project (Golder 2015). The maximum predicted concentrations closest to A21 
were used for cumulative effects modelling for A21 and the closest model location predictions to 
A418 and A154 were used for A418 and A154. These values can be found in Appendix B, 
Table B-3. 

No specific modelling was conducted to determine the predicted concentrations of water quality 
constituents within Lac de Gras following the PKMW Project or as a result of cumulative effects 
of the PKMW Project, as it was assumed modelled concentrations for the pit lakes would 
conservatively reflect (i.e., overestimate) concentrations at the points of entry into Lac de Gras.  

Sensitivity analyses were conducted to increase the confidence in the water quality modelling 
results by assessing sensitivity of hydrodynamic model results to changes in model input values 
and characterizing how uncertainty in model inputs could affect model results (Golder 2019a). 
Ten sensitivity scenarios were performed for A418 by changing one model input per simulation. It 
was assumed general findings of the sensitivity analyses would also apply to A154 and A21. The 
sensitivity analyses indicated the following: 

• PK temperature is not expected to change surface water quality within the pit lake; 
• Local runoff from mine area is not anticipated to change surface water quality in the pit lake; 
• Wind sheltering coefficient is not anticipated to change surface water quality in the pit lake; 
• The required speed of wind required to turn over the lakes is beyond a plausible condition; 
• Increased air temperatures as a result of future climate change are not anticipated to result 

in a change in pit lake water temperature or water quality predictions; 
• The pit lake is predicted to remain stratified at lower than modelled consolidation rates (e.g., 

stable meromixis at 25% of modelled consolidation rate);  
• Higher concentrations of constituents in porewater are not predicted to result in 

a measurable effect to the pit lake water quality because of the meromixis in the water 
column, which would be further strengthened by increased porewater concentrations; 
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• Water quality predictions are not sensitive to the tested initial conditions (i.e., assumptions 
about groundwater inflows, rock wall runoff, or initial TDS in porewater); and 

• Water quality predictions are not sensitive to a higher maximum vertical eddy viscosity value 
because the maximum value is rarely or never met.  

The effects of an unanticipated mixing scenario on water quality in the pit lakes were assessed 
by estimating the timeseries of TDS and tracer concentrations, under the assumption of fully 
mixed conditions along the vertical column (Golder 2018). The stage-storage curve of each pit 
lake and hydrodynamic modelled concentration (per vertical layer) were used to calculate the 
concentration of each constituent with depth. Timeseries of predicted tracer concentrations are 
provided in Appendix B, Figure B-1. 

4.4.1.1 Project Pathways 

The following activities identified in Table 4-5 are considered to have the potential to affect local 
or regional water quality temporarily or permanently, and therefore will be considered in more 
detail in the subsections that follow. 

Closure 

During closure, the filling of the mine workings with water from Lac de Gras will not result in a 
change in water quality to Lac de Gras or an interaction with aquatic life. The dikes will remain in 
place during filling and prevent mixing of the pit lake water with the water in Lac de Gras.  

During closure, there is the potential for increased exposure to chemical contaminants for the 
wildlife species considered in this assessment as a result of ingestion of drinking water from the 
top section of the pit lake prior to and following reconnection.   

Dike breaching and mixing of the pit lake surface water(s) with Lac de Gras has the potential to 
interact with the Water Quality VC. Breaching of the dike walls has the potential to increase the 
amount of suspended sediments within the water column and result in a reduction in water quality 
through increased total suspended sediments, which could negatively affect aquatic life (e.g., 
through reduced feeding efficiency, decreased predator avoidance, lower growth rate or gill 
abrasion of fish).  

Following breaching of dike walls, the PKMW Project has the potential to result in a decrease in 
water quality through the mixing of water in the pit lake into Lac de Gras that could result in 
changes to the pelagic zone of the pit lake or Lac de Gras. A reduction in water quality could 
result from increased nutrient and trace metal concentrations or decrease in dissolved oxygen. 
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Post-Closure 

During the post-closure phase there is the potential that altered water chemistry as a result of 
mixing of pit lake water with that of Lac de Gras could result in a change in water quality.   

4.4.1.2 Mitigation 

The following mitigation measures will be used to reduce potential effects of the PKMW Project 
on water quality: 

• Optimize the operational level of decant water, where practical, to manage seepage to other 
mine workings; 

• Design and construct bulkheads to prevent the flow of PK material or decant water into other 
mine workings; 

• Reuse decant water via transfer to the Process Plant or transfer decant water to the North 
Inlet for treatment prior to discharge; 

• Fill mine workings with PK and porewater or groundwater to establish long-term stable 
meromixis within the pit lakes following filling; 

• Optimize the depth of the water cap over the PK to protect water quality; 
• Breach dikes of pit lake(s) A418, A154 and A21 once monitoring results confirm acceptable 

water quality (i.e., below AEMP benchmarks); 
• Breach dikes sufficiently to encourage exchange of the pit lake with Lac de Gras; and 
• Monitor water quality within the pit lake prior to and after breaching the dikes. 

4.4.1.3 Project Residual Effects  

Closure and Post-Closure 

There are no residual effects during the closure phase associated with filling of the mine workings 
as the dikes will remain in place until water quality meets AEMP benchmarks. Following the final 
decanting of porewater, the mine workings will be filled with water from Lac de Gras using a 
siphon or pump system over a period of six months to two years.  

It is anticipated that the porewater and water from Lac de Gras will mix within the pit lake during 
infilling. Attempts will be made to minimize the mixing of the porewater and water from Lac de 
Gras during filling (e.g., use of barge, hoses that extend to porewater layer) to facilitate stable 
meromixis within the pit lake. During detailed project design, further consideration will be given to 
the appropriate level of PK and porewater in the mine workings that would facilitate continual 
stable meromixis within the water column during closure.  

During closure, there is the potential for increased exposure to chemical contaminants for the 
wildlife species considered in this assessment as a result of ingestion of drinking water from the 
top section of the pit lake prior to reconnection (e.g., time zero). Constituents in pit lakes A418 
and A154 (scenarios 2a, 3a and 4a) and A21 (scenarios 2a and 3a) are anticipated to be below 
the AEMP benchmarks for all scenarios in surface waters. In pit lake A21 scenario 4a, nitrite is 



 

Document #: ENVI-968-0519 R0  This is not a controlled document when printed 
Template #: DCON-036-1010 R5 

Page 56 of 192 

anticipated to exceed the AEMP benchmarks for a short duration (maximum concentration of 
0.062 mg/L in surface 3% above AEMP benchmark). These predictions are thought to be 
conservative because the modelling did not apply an oxidation rate to nitrite, even though it is 
known to occur in northern lakes (Vandenberg and Snow 2016). These effects in the context of 
effects to wildlife are discussed further in section 7.0. 

Silt curtains will be used to minimize the spread of suspended sediments into Lac de Gras from 
the PDA during breaching, as is feasible. Any generation of total suspended solids due to 
breaching of the dikes would be of short duration and expected to be of limited extent. Openings 
of sufficient size will be made within the dike walls to allow adequate mixing and incorporate the 
pit lake back into Lac de Gras, to facilitate the recolonization of aquatic life. 

Water quality modelling predicts that the water column will become stratified (Golder 2018, 
2019a). In a meromictic lake, the dense bottom layer (monimolimnion) is separated from the less 
dense mid and upper layers (the mixolimnion) by a chemocline (permanent chemical gradient). 
For the PKMW Project, water quality predictions for the suite of parameters were provided for the 
surface waters and at 40 m depth in the water column, representing the mixolimnion. For the 
monimolimnion, the predictions were provided for TDS and tracer time series.   

It is anticipated that water at and near the surface will be influenced by water quality from Lac de 
Gras and have similar chemical composition. The water in the middle of the water column will 
consist of water from Lac de Gras and some groundwater flows. The bottom layer closest to the 
PK will be influenced by porewater from the PK. It will remain denser than the water in the upper 
and middle layers and is predicted to sequester potential contaminants and minimize mixing with 
the other water layers.  

The modelling indicates that the high concentrations of TDS in the bottom layer will provide stable 
meromixis over the 100-year simulation period for pit lakes A418 and A154 (Figure 4-2 and  
Figure 4-3) but may break down after approximately 50 years for A21 (Figure 4-4) (Appendix B, 
Figures B1 – 9). The breakdown of meromixis and full mixing in A21 is a result of the shallower 
depth of water cover in A21 relative to A418 and A154.  
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Figure 4-2: Time Series of Predicted TDS Concentrations in the A418 Pit Lake for Development 
Case Scenarios 2a, 3a and 4a (Golder 2019; Appendix B). 
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Figure 4-3: Time Series of Predicted TDS Concentrations in the A154 Pit Lake for Development 
Case Scenarios 2a, 3a and 4a (Golder 2019; Appendix B). 
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Figure 4-4:  Time Series of Predicted TDS Concentrations in the A21 Pit Lake for Development 
Case Scenarios 2a, 3a and 4a (Golder 2019; Appendix B). 
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The following water quality conditions were predicted for PKMW Project related effects over the 
100 years following dike breaching, under stable meromixis: 

• For pit lake A418 under modelled scenarios 2a, 3a, and 4a, water quality constituents are 
generally predicted to decrease quickly following closure and to stabilize and maintain 
meromixis. Constituents are predicted to be below the AEMP benchmarks for all scenarios 
in waters in the surface and at 40 m depth (Table 4-7); 

• For pit lake A154 under modelled scenarios 2a, 3a, and 4a, water quality constituents are 
generally predicted to decrease quickly following closure and to stabilize and maintain 
meromixis. Constituents are predicted to be below AEMP benchmarks for all scenarios in 
waters in the surface and at 40 m depth (Table 4-8); and 

• For pit lake A21 under modelled scenarios 2a, 3a, and 4a, water quality constituents 
decrease very quickly at the surface but fluctuate at the 40 m depth. Nitrite, nitrate and 
molybdenum are predicted to exceed the AEMP benchmarks for scenario 3a and nitrite is 
predicted to exceed the AEMP benchmark in scenario 4a. All constituents are predicted to 
be below AEMP benchmarks for scenario 2a (Table 4-9). 

Figures showing the trends in constituents over time for pit lakes A418, A154 and A21 are 
provided for all scenarios (2a, 3a and 4a) in Appendix B (Figure B-10 to B-19). 

For pit lake A21, the following trends over time and concentrations of constituents relative to 
AEMP benchmarks are predicted for Scenarios 2a, 3a, and 4a, assuming meromixis: 

• Under Scenario 2a, water quality constituents are in general predicted to increase in 
concentration for approximately five years following closure, decrease, then fluctuate for 
approximately 65 years, then stabilize. Constituents are predicted to be below the AEMP 
benchmarks in the top section and at depths of 40 m below surface; 

• Under Scenario 3a, water quality constituents are predicted to be stable in the top section 
and in general are predicted to increase in concentration for approximately eight years 
following closure, decrease over 75 years, then stabilize. Concentrations in the top section 
are predicted to be below the AEMP benchmarks; however, water at 40 m depth is predicted 
to exceed the AEMP benchmarks by 133%, 37%, and 5%, respectively for nitrite 
(0.14 mg/L), nitrate (4.1 mg/L), and molybdenum (77 µg/L) for a medium duration. 

• Under scenario 4a, water quality constituents are predicted to be stable in the surface water 
and in general are predicted to increase immediately following closure, then decrease 
erratically over the modelled time series at a depth of 40 m. Concentrations at the surface 
and at 40 m depth are predicted to be below the AEMP benchmarks, with the exception of 
nitrite for a short duration (maximum concentration of 0.062 mg/L in surface and at 40 m 
depth, 3% above AEMP benchmark).  

 

 



 

Document #: ENVI-968-0519 R0  This is not a controlled document when printed 
Template #: DCON-036-1010 R5 

Page 61 of 192 

Table 4-7: Predicted Maximum Concentrations in the A418 Pit Lake over 100-year Period during Post-Closure (Golder 2019; 
Appendix B) 

Parameters Unit Benchmark 

Scenario 2a  
(158 m Water Cap) 

Scenario 3a  
(105 m Water Cap) 

Scenario 4a 
(158 m Water Cap) 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Calcium mg/L - 2.7 2.7 2.8 2.8 3.0 3.0 

Chloride mg/L 120 4.2 4.2 4.7 4.7 5.8 5.8 

Fluoride mg/L 0.12 0.035 0.035 0.036 0.036 0.038 0.038 

Magnesium mg/L - 1.2 1.2 1.6 1.6 1.4 1.4 

Potassium mg/L - 2.8 2.8 3.6 3.6 6.5 6.5 

Sodium mg/L 52 4.1 4.1 4.8 4.8 6.4 6.4 

Sulfate mg/L 100 6.5 6.5 9.1 9.1 12 12 

Nitrite as N mg/L 0.06 0.0081 0.0081 0.016 0.016 0.024 0.024 

Nitrate as N mg/L 3 0.26 0.26 0.5 0.5 0.72 0.72 

Ammonia_N mg/L 4.7 0.064 0.064 0.094 0.094 0.12 0.12 

Phosphate, 
Ortho 

mg/L - 0.0019 0.0019 0.0024 0.0024 0.0028 0.0028 

Phosphorus mg/L - 0.004 0.004 0.0044 0.0044 0.0048 0.0048 

Aluminum μg/L 87 6.3 6.3 6.3 6.3 6.3 6.3 

Antimony μg/L 33 0.25 0.25 0.3 0.3 0.74 0.74 

Arsenic μg/L 5 0.35 0.35 0.41 0.41 0.5 0.5 

Barium μg/L 1000 5.3 5.3 6.1 6.1 9.5 9.5 

Beryllium μg/L - 0.012 0.012 0.056 0.056 0.028 0.028 

Boron μg/L 1500 3.8 3.8 4.2 4.2 5.6 5.6 

Cadmium μg/L 0.1 0.0053 0.0053 0.012 0.012 0.011 0.011 

Cobalt μg/L - 0.019 0.019 0.021 0.021 0.024 0.024 

Copper μg/L 2 0.62 0.62 0.62 0.62 0.67 0.67 
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Table 4-7: Predicted Maximum Concentrations in the A418 Pit Lake over 100-year Period during Post-Closure (Golder 2019; 
Appendix B) 

Parameters Unit Benchmark 

Scenario 2a  
(158 m Water Cap) 

Scenario 3a  
(105 m Water Cap) 

Scenario 4a 
(158 m Water Cap) 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Iron μg/L 300 4.1 4.1 4.9 4.9 4.1 4.1 

Lead μg/L 1 0.0096 0.0096 0.014 0.014 0.024 0.024 

Lithium μg/L - 2.1 2.1 - - 2.1 2.1 

Manganese μg/L - 3.3 3.3 3.3 3.3 3.3 3.3 

Molybdenum μg/L 73 3.9 3.9 9.1 9.1 11 11 

Nickel μg/L 25 0.79 0.79 0.91 0.91 0.84 0.84 

Selenium μg/L 1 0.029 0.029 0.036 0.036 0.048 0.048 

Silicon μg/L 2100 218 218 239 239 289 289 

Silver μg/L 0.25 0.0055 0.0055 0.0087 0.0087 0.012 0.012 

Strontium μg/L 30000 38 38 43 43 45 45 

Sulfur μg/L - 2698 2698 3461 3461 5183 5183 

Thallium μg/L 0.8 0.003 0.003 0.0046 0.0046 0.0073 0.0073 

Tin μg/L 73 0.061 0.061 0.084 0.084 0.17 0.17 

Titanium μg/L - 0.51 0.51 0.52 0.52 0.51 0.51 

Uranium μg/L 15 0.12 0.12 0.12 0.12 0.12 0.12 

Vanadium μg/L - 0.12 0.12 0.14 0.14 0.15 0.15 

Zinc μg/L 30 0.24 0.24 2.0 2.0 0.3 0.3 

NOTE: 
Bold indicates concentrations is exceeding benchmark 
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Table 4-8: Predicted Maximum Concentrations in the A154 Pit Lake over 100-year Period during Post-Closure (Golder 2019; 
Appendix B) 

Parameters Unit Benchmark 

Scenario 2a  
(209 m Water Cap) 

Scenario 3a  
(159 m Water Cap) 

Scenario 4a 
(209 m Water Cap) 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Calcium mg/L - 2.7 2.7 2.7 2.7 2.8 2.8 

Chloride mg/L 120 3.7 3.7 3.8 3.8 4.4 4.4 

Fluoride mg/L 0.12 0.035 0.035 0.035 0.035 0.036 0.036 

Magnesium mg/L - 1.2 1.2 1.3 1.3 1.3 1.3 

Potassium mg/L - 1.5 1.5 1.8 1.8 3.3 3.3 

Sodium mg/L 52 3.4 3.4 3.6 3.6 4.4 4.4 

Sulfate mg/L 100 4.6 4.6 5.4 5.4 7.2 7.2 

Nitrite as N mg/L 0.06 0.0028 0.0028 0.0051 0.0051 0.01 0.01 

Nitrate as N mg/L 3 0.11 0.11 0.18 0.18 0.32 0.32 

Ammonia_N mg/L 4.7 0.045 0.045 0.053 0.053 0.072 0.072 

Phosphate, 
Ortho 

mg/L - 0.0017 0.0017 0.0018 0.0018 0.0021 0.0021 

Phosphorus mg/L - 0.0037 0.0037 0.0038 0.0038 0.0041 0.0041 

Aluminum μg/L 87 6.3 6.3 6.3 6.3 6.3 6.3 

Antimony μg/L 33 0.095 0.095 0.11 0.11 0.32 0.32 

Arsenic μg/L 5 0.3 0.3 0.32 0.32 0.37 0.37 

Barium μg/L 1000 4.0 4.0 4.2 4.2 5.9 5.9 

Beryllium μg/L - 0.007 0.007 0.019 0.019 0.014 0.014 

Boron μg/L 1500 3.1 3.1 3.2 3.2 4.0 4.0 

Cadmium μg/L 0.1 0.0035 0.0035 0.0054 0.0054 0.006 0.006 

Cobalt μg/L - 0.017 0.017 0.018 0.018 0.019 0.019 

Copper μg/L 2 0.6 0.6 0.6 0.6 0.62 0.62 
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Table 4-8: Predicted Maximum Concentrations in the A154 Pit Lake over 100-year Period during Post-Closure (Golder 2019; 
Appendix B) 

Parameters Unit Benchmark 

Scenario 2a  
(209 m Water Cap) 

Scenario 3a  
(159 m Water Cap) 

Scenario 4a 
(209 m Water Cap) 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Iron μg/L 300 4.1 4.1 4.3 4.3 4.1 4.1 

Lead μg/L 1 0.0051 0.0051 0.0061 0.0061 0.011 0.011 

Lithium μg/L - 2.0 2.0 - - 2.1 2.1 

Manganese μg/L - 3.3 3.3 3.3 3.3 3.3 3.3 

Molybdenum μg/L 73 1.7 1.7 3.2 3.2 4.7 4.7 

Nickel μg/L 25 0.78 0.78 0.81 0.81 0.8 0.8 

Selenium μg/L 1 0.022 0.022 0.024 0.024 0.031 0.031 

Silicon μg/L 2100 195 195 201 201 227 227 

Silver μg/L 0.25 0.0033 0.0033 0.0042 0.0042 0.0063 0.0063 

Strontium μg/L 30000 36 36 37 37 39 39 

Sulfur μg/L - 1887 1887 2096 2096 3020 3020 

Thallium μg/L 0.8 0.0017 0.0017 0.0021 0.0021 0.0036 0.0036 

Tin μg/L 73 0.025 0.025 0.031 0.031 0.075 0.075 

Titanium μg/L - 0.51 0.51 0.51 0.51 0.51 0.51 

Uranium μg/L 15 0.12 0.12 0.12 0.12 0.12 0.12 

Vanadium μg/L - 0.11 0.11 0.11 0.11 0.12 0.12 

Zinc μg/L 30 0.22 0.22 0.71 0.71 0.24 0.24 

NOTE: 
Bold indicates concentrations is exceeding benchmark 
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Table 4-9: Predicted Maximum Concentrations in the A21 Pit Lake over 100-year Period during Post-Closure (Golder 2019; 
Appendix B) 

Parameters Unit Benchmark 

Scenario 2a  
(85 m Water Cap) 

Scenario 3a  
(51 m Water Cap) 

Scenario 4a 
(85 m Water Cap) 

Top Section 
at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Calcium mg/L - 1.7 1.8 2.3 4.0 2.7 2.7 

Chloride mg/L 120 2.2 2.8 5.7 14 8.4 8.4 

Fluoride mg/L 0.12 0.031 0.032 0.036 0.047 0.042 0.042 

Magnesium mg/L - 1.0 1.1 2.2 4.9 1.7 1.7 

Potassium mg/L - 1.0 2.3 7.8 24 15 15 

Sodium mg/L 52 1.7 2.5 6.6 18 10 10 

Sulfate mg/L 100 3.5 5.5 18 52 25 25 

Nitrite as N mg/L 0.06 0.0012 0.0067 0.043 0.14 0.062 0.062 

Nitrate as N mg/L 3 0.032 0.19 1.2 4.1 1.8 1.8 

Ammonia_N mg/L 4.7 0.042 0.062 0.2 0.57 0.26 0.26 

Phosphate, Ortho mg/L - 0.00081 0.0011 0.003 0.0083 0.0039 0.0039 

Phosphorus mg/L - 0.0032 0.0035 0.0057 0.011 0.0065 0.0065 

Aluminum μg/L 87 3.3 3.3 3.3 3.3 3.3 3.3 

Antimony μg/L 33 0.041 0.21 0.77 2.5 1.9 1.9 

Arsenic μg/L 5 0.24 0.29 0.6 1.5 0.81 0.81 

Barium μg/L 1000 2.5 3.9 9.7 27 18 18 

Beryllium μg/L - 0.0056 0.011 0.15 0.48 0.065 0.065 

Boron μg/L 1500 2.6 3.2 6.0 14 9.6 9.6 

Cadmium μg/L 0.1 0.0027 0.0046 0.028 0.089 0.023 0.023 

Cobalt μg/L - 0.018 0.02 0.029 0.055 0.036 0.036 

Copper μg/L 2 0.61 0.63 0.69 0.9 0.81 0.81 
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Table 4-9: Predicted Maximum Concentrations in the A21 Pit Lake over 100-year Period during Post-Closure (Golder 2019; 
Appendix B) 

Parameters Unit Benchmark 

Scenario 2a  
(85 m Water Cap) 

Scenario 3a  
(51 m Water Cap) 

Scenario 4a 
(85 m Water Cap) 

Top Section 
at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Top 
Section 

at Depth of 40 m 
Below Surface 

Iron μg/L 300 3.5 3.5 5.6 11 3.5 3.5 

Lead μg/L 1 0.0048 0.0096 0.033 0.10 0.057 0.057 

Lithium μg/L - 1.7 1.7 - - 2.0 2.0 

Manganese μg/L - 1.9 1.9 2.0 2.2 1.9 1.9 

Molybdenum μg/L 73 0.53 2.8 23 77 25 25 

Nickel μg/L 25 0.92 0.93 1.3 2.2 1.1 1.1 

Selenium μg/L 1 0.021 0.027 0.063 0.16 0.093 0.093 

Silicon μg/L 2100 31 57 187 561 313 313 

Silver μg/L 0.25 0.0027 0.005 0.02 0.061 0.027 0.027 

Strontium μg/L 30000 16 19 38 91 45 45 

Sulfur μg/L - 1360 2219 6523 18931 10668 10668 

Thallium μg/L 0.8 0.0014 0.0028 0.011 0.034 0.017 0.017 

Tin μg/L 73 0.03 0.068 0.23 0.71 0.44 0.44 

Titanium μg/L - 0.28 0.28 0.31 0.38 0.28 0.28 

Uranium μg/L 15 0.096 0.097 0.12 0.16 0.11 0.11 

Vanadium μg/L - 0.053 0.065 0.14 0.36 0.19 0.19 

Zinc μg/L 30 0.36 0.38 5.4 17 0.58 0.58 

NOTE: 
Bold indicates concentrations is exceeding benchmark 
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These changes in water quality constituents in the context of effects to wildlife, fish and fish 
habitat, and cultural land use and are discussed further in Chapters 6, 7, and 8. 

A change in water quality could result from a reduction in dissolved oxygen within the pit lake 
during stable meromixis. Although dissolved oxygen concentrations near the PK/porewater 
interface are expected to become depleted over time due to chemical oxygen demand in the PK 
or biological oxygen demand from bacterial decomposition of accumulated organic detritus, this 
oxygen-depleted water is not expected to mix with water in the shallower depths of the pit lakes. 
As a result, depletions of dissolved oxygen in the surface water of the pit lakes are not anticipated 
(DDMI 2019).  

In the event of a breakdown of meromixis and full mixing (e.g., A21), it is anticipated that dissolved 
oxygen concentrations would decrease within the intermediate depths of the pit lake. The anoxic 
bottom layers would mix with the oxygenated surface waters to result in low dissolved oxygen 
conditions. It is anticipated that surface waters will also be oxygenated by wind generated currents 
in the upper most layer, albeit to a lesser extent than what naturally occurs in the lake itself 
because of the much smaller fetch in the pit lake. The duration of the anticipated period of low 
dissolved oxygen is not known; however, it may be within the range of natural fluctuations in 
dissolved oxygen that occur within Lac de Gras currently (DDMI 2019). These effects in the 
context of effects to fish and fish habitat are discussed further in Chapter 6. 

Given that the modelling indicates that pit lake A21 may not maintain stable meromixis, water 
quality predictions were evaluated for a breakdown of meromixis. The breakdown of meromixis 
was assessed using the data predicted for an accident and malfunction scenario for A21 
(unanticipated mixing event due to geotechnical failure of a pit wall; discussed in Section 4.4.3; 
data in Appendix B, Table B4). These predictions were used as they would be similar for both a 
predicted and an unanticipated event. For pit lake A21 under modelled scenarios 2a and 3a, water 
quality would be below the AEMP benchmarks for all parameters. Under modelled scenario 4a, 
water quality would be below the AEMP benchmarks for all parameters except nitrite (0.062 mg/L, 
3% higher than the benchmark). 

To summarize, the water quality modelling for pit A21 is predicted as follows: 

• For scenario 2a, constituents are predicted to be below the AEMP benchmarks at the 
surface and at 40 m depth; 

• For scenario 3a, concentrations of three constituents are predicted to exceed the AEMP 
benchmarks at 40 m depth while none are predicted to exceed at the surface;  

• For scenario 4a, concentrations of one constituent is predicted to marginally exceed the 
AEMP benchmark in both surface and at 40m depth. 

It is anticipated that the greatest change in water quality relative to the existing water quality in 
Lac de Gras will occur closest to the pit lakes (Golder 2019a) and will dissipate with increasing 
distance from the pit lake area.   
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4.4.2 Summary of Project Residual Environmental Effects 

Residual effects on water quality during closure and post-closure are summarized in Table 4-10. 
For pit lakes A418 and A154, modelling conducted for the PKMW Project predicts a neutral effect 
of negligible magnitude (in relation to AEMP benchmarks) within the PDA during closure and post-
closure for a continual period of time within a disturbed area (pit lake) following reconnection with 
Lac de Gras under the three scenarios (2a, 3a and 4a). Given that no adverse effects to pit lakes 
are anticipated, it is expected there will be no adverse effects to Lac de Gras.  

Modelling results for pit lake A21 scenario 2a predicts a neutral effect of negligible magnitude 
within the PDA during closure and post-closure. Modelling results for pit lake A21 scenario 4a 
predict an adverse effect of negligible magnitude within the PDA during closure and post-closure. 
Given that negligible adverse effects to the pit lake are anticipated, it is expected there will be no 
adverse effects to Lac de Gras. 

Modelling results for pit lake A21 scenario 3a predict residual effects on the aquatic environment, 
with an adverse effect of high magnitude for moderate duration within the PDA during closure and 
post-closure. Given that an adverse effect to pit lake A21 for scenario 3a is anticipated, there is 
the potential that an adverse effect to Lac de Gras could occur. 

Table 4-10: PKMW Project Residual Effects on Water Quality 

Residual 
Effect Scenario 

 Residual Effects Characterization 

 

Project Phase 

D
irection 

M
agnitude 

G
eographic 
Extent 

D
uration 

Frequency 

R
eversibility 

Ecological and 
Socio-econom

ic 
C

ontext 

Change in 
Water 
Quality 
(A418) 

2a DC, DP N N PDA N/A N/A N/A U 

3a DC, DP N N PDA N/A N/A N/A U 

4a DC, DP N N PDA N/A N/A N/A U 

Change in 
Water 
Quality 
(A154) 

2a DC, DP N N PDA N/A N/A N/A U 

3a DC, DP N N PDA N/A N/A N/A U 

4a DC, DP N N PDA N/A N/A N/A U 

Change in 
Water 
Quality 
(A21) 

2a DC, DP N N PDA N/A N/A N/A U 

3a DC, DP A H PDA MT S I U 

4a DC, DP A N PDA MT S I U 
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Table 4-10: PKMW Project Residual Effects on Water Quality 

KEY 
See Table 4-2 for detailed definitions 

Project Phase 
C: Construction 
O: Operation 
DC: Closure  
DP: Post-Closure 

Direction:  
P: Positive 
A: Adverse 
N: Neutral 

Magnitude:  
N: Negligible 
L: Low 
M: Moderate 
H: High 

 
Geographic Extent:  
PDA: Project Development Area 
LAA: Local Assessment Area  
RAA: Regional Assessment Area 

Duration:  
ST: Short-term;  
MT: Medium-term 
LT: Long-term 
 
N/A: Not applicable 

 
Frequency:  
S: Single event 
IR: Irregular event 
R: Regular event 
C: Continuous  

Reversibility:  
R: Reversible 
I: Irreversible  

Ecological/Socio-Economic 
Context:  
D: Disturbed 
U: Undisturbed 

4.4.3 Accidents and Malfunctions 

Two types of accidents and malfunctions are considered for the Water Quality VC: uncontrolled 
release of PK from a PK slurry pipeline and uncontrolled rock release and destratification of pit 
lakes.  

4.4.3.1 Uncontrolled Release of PK from a PK Slurry Pipeline  

An uncontrolled release of PK from a PK slurry pipeline could occur as a result of a rupture of the 
pipeline during routine operations, including failure of a pipeline connection or an impact from a 
vehicle. Pipeline failure could result in release of pipeline liquids to land or water and, depending 
on the scale of the failure, there is a potential for interaction with water quality.  

DDMI will operate and maintain the proposed pipelines in accordance with the applicable industry 
standards, regulatory regulations, and company standards. DDMI has a robust integrity 
management program in place that supports safe operation of these pipelines and includes 
regular pipeline maintenance and inspections, pipeline integrity management, pipeline pressure 
monitoring, emergency response planning and operational training. Measures for spill response 
are approved in the mine’s Spill Contingency Plan (DDMI 2017). The pipelines are located behind 
berms designed to prevent pipeline liquids from entering Lac de Gras or tributary streams to Lac 
de Gras. With implementation of the above management practices, and regulatory and company 
standards, the likelihood of pipeline failure is very low. The design of this infrastructure, combined 
with the application of the Spill Contingency Plan, would reduce the likelihood of a PK spill 
resulting in adverse effects on water quality to near zero.  
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In the unlikely event that PK was able to reach Lac de Gras, measurable effects to water quality 
are expected to be short in duration (i.e., less than six months) and likely limited to the localized 
site where the PK enters the water. This is because the PK is very fine and would be dispersed 
quickly as it is suspended in the water column by wave action along East Island and because, 
once dispersed in the lake the potential for effects to water quality (i.e., exceedances of AEMP 
benchmarks) would be reduced by the large dilution capacity of the lake. These effects in the 
context of effects to fish and fish habitat are discussed further in section 6. 

With the implementation of the mitigation and response measures, potential residual effects on 
water quality are anticipated to be local; therefore, the risk is remote (risk is acceptable); no 
additional risk mitigation required. 

4.4.3.2 Uncontrolled Rock Release and Destratification of Pit Lakes  

Destratification of a pit lake could result in the release of contaminants from the pit lake(s) into 
Lac de Gras and, depending on concentrations, there is a potential for interaction with wildlife. 

At post-closure, the areas of the pit lakes (A418 and A154) behind the breached dikes are 
expected to form a stable stratified meromictic condition, with a permanently anoxic heavier 
monimolimnion underlying a lighter upper mixolimnion (DDMI 2011). An unforeseeable event 
such as an uncontrolled rock release resulting from geotechnical instability in a pit wall could 
result in destratification of the pit lakes post-closure. The potential for a pit wall collapse is low, 
given that the addition of PK material to the underground mine voids and the addition of water 
improves pit wall stability in the lower sections of the mine workings (DDMI 2019; Golder 2018a). 

The following water quality conditions were modelled for an unanticipated mixing event during 
closure and post-closure (Appendix B, Tables B4-6, Figures B7-9): 

• For pit lake A418 under modelled scenarios 2a, 3a, and 4a, water quality would be below 
the AEMP benchmarks for all parameters except nitrite for scenario 3a (0.076 mg/L, 26% 
higher than the benchmark); 

• For pit lake A154 under modelled scenarios 2a, 3a, and 4a, water quality would be below 
the AEMP benchmarks for all parameters; and 

• For pit lake A21 under modelled scenarios 2a, 3a, and 4a, water quality would be below the 
AEMP benchmarks for all parameters except nitrite for scenario 4a (0.062 mg/L, 3% higher 
than the benchmark).   

In the event nitrite is released, it would be expected to lead to short-lived elevated concentrations 
throughout the pit lake as a result of the exchange with Lac de Gras (Golder 2018b). Further, it is 
anticipated that nitrite would oxidize quickly to nitrate and be no longer toxic to aquatic life (CCME 
2012; Vandenberg and Snow 2016).  

In the event of a destratification event (e.g., A21), it is anticipated that a decrease in dissolved 
oxygen would occur within the intermediate zone of the pit lake. The anoxic bottom layers near 
the PK/porewater interface would mix with the oxygenated surface waters and result in low 
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dissolved oxygen conditions, however not zero. Given the large volume of oxygenated water 
within the pit lake and wind generated aeration at the surface with the upper most layer, it is 
anticipated that surface waters will be re-oxygenated by wind generated currents. The duration of 
the anticipated period of low dissolved oxygen is not known, however it may be within the range 
of natural fluctuations in dissolved oxygen that occur within Lac de Gras currently (DDMI 2019). 
These effects in the context of effects to fish and fish habitat are discussed further in section 6. 

It is also anticipated that suspended sediment levels would increase following collapse of the pit 
wall. An increase in suspended sediments would result in a short duration event which would 
settle and disperse quickly.  

With the implementation of the mitigation and response measures, potential residual effects on 
water quality are anticipated to be localized and of short duration; therefore, the risk is remote 
(risk is acceptable; no additional risk mitigation required) and the effect is considered not 
significant. 

4.5 ASSESSMENT OF CUMULATIVE ENVIRONMENTAL EFFECTS 
ON WATER QUALITY 

4.5.1 Project Residual Effects Likely to Interact Cumulatively 

Water quality in Lac de Gras is influenced by past and present physical activities within the Lac 
de Gras watershed, as well as future physical activities.  

Table 4-11 identifies projects and activities whose effects could potentially interact cumulatively 
with those of the PKMW Project. This project inclusion list includes past and present physical 
activities and resource use that have occurred, or are ongoing, and also reasonably foreseeable 
activities, which are those that have been approved, proposed, or are disclosed to be carried out. 
The area within which these projects are identified is larger in geographic extent than VC-specific 
RAAs used in this Summary Impact Statement, as it is intended to conservatively identify potential 
cumulative interactions.  

A change in water quality related to the PKMW Project is not likely to interact cumulatively with 
residual effects of other projects and physical activities shown with no check mark in Table 4-11 
and are not discussed in detail. The assessment of cumulative environmental effects that are 
likely to result from the PKMW Project in combination with other projects and physical activities 
are discussed in subsequent sections. 

The potential to interact cumulatively is described based on whether the project’s activities could 
overlap spatially or temporally with those of the PKMW Project. VC-specific potential for 
cumulative effects is identified further in Table 4-11. Where residual environmental effects from 
the PKMW Project act cumulatively with residual effects from other projects and physical 
activities, a cumulative effects assessment is undertaken to determine their significance. 
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Table 4-11: Interactions with the Potential to Contribute to Cumulative Effects 

Other Projects and Physical Activities with Potential for Cumulative Environmental 
Effects 

Environmental 
Effect 

Change in Water 
Quality  

Past and Present Physical Activities and Resource Use 

Diavik Mine (existing)  

Ekati Mine (existing including Lynx and Jay Project)  

Tibbitt to Contwoyto Winter Road - 

Lupin Mine - 

Jericho Mine - 

Snap Lake Mine - 

Gahcho Kue Mine - 

Colomac Mine - 

Ulu Project - 

Project-Related Physical Activities  

Future Physical Activities 

Tlicho all-season road - 

Izok Corridor Project - 

Grays Bay Road and Port Project - 

Slave Geological Province Access Corridor - 

The Ekati Mine (Dominion Diamond) is located approximately 25 km northwest of the Diavik Mine. 
Its effluent discharge location is located on Lac du Sauvage, which is upstream of Lac de Gras 
and Diavik Mine. Dominion Diamond has expanded the Ekati Mine through the Jay Operation. 
The Jay Operation includes developing an open pit in Lac du Savage (Jay Pit), backfilling the 
existing Misery Pit in Lac de Gras with PK, and back-flooding the Misery Pit and pit and diked 
area of the Jay Pit. As a result, both the Ekati Mine and Diavik mine have the potential to influence 
water quality in Lac de Gras. 

The past and present physical activities including Tibbitt to Contwoyto Winter Road, Lupin Mine, 
Jericho Mine, Snap Lake Mine, Gahcho Kue Mine, Colomac Mine and Ulu Project, as well as the 
future physical activities, including Tlicho all-season road, Izok Corridor Project, and Grays Bay 
Road and Port Project are not within the Lac de Gras sub-watershed and are therefore not 
anticipated to affect water quality in Lac de Gras. 

The Slave Geological Province Access Corridor is located approximately 15 km downstream from 
the outlet of Lac de Gras. The timing of this project is unknown. Given the large volume of water 
in Lac de Gras, it is anticipated that concentrations of constituents released from the PKMW 
Project would be below the AEMP benchmarks. The relevant Project-related parameters are 
generally nutrients, which are unlikely to be a concern for a linear project such as the access 
corridor, and therefore an interaction is not anticipated and not discussed further. 
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4.5.2 Change in Water Quality 

The following sections describe the cumulative effects of the PKMW Project on water quality.  

4.5.2.1 Cumulative Effect Pathways  

Closure 

The cumulative effects on water quality have the potential to occur as a result of mine discharges 
upstream in Lac du Sauvage at Ekati Mine and the mixing of the pit lake surface water(s) at Ekati 
Mine (Jay Operation) and Diavik Mine with surface water in Lac de Gras following dike breaching.  

Post-Closure 

No cumulative effects are anticipated to interact with water quality during the post-closure phase 
of the PKMW Project for A418 and A154, given that the dikes will not be breached until water 
quality meets AEMP benchmarks. Past, present, and future activities at Ekati Mine, including the 
Jay Operation, are anticipated to have environmental effects that overlap with those of the PKMW 
Project. The environmental assessment conducted for the Jay Project (DDEC, 2014) stated that 
these interactions can be managed through existing project mitigation, such as monitoring the pit 
lake water quality prior to dike breaching. 

4.5.2.2 Mitigation for Cumulative Effects 

The following mitigation measures, through design and planning, will be used to reduce effects of 
the PKMW Project on water quality that may result from the mechanisms described above: 

• Fill mine workings with PK and porewater to level required to form stable meromixis within 
the mine workings following infilling; 

• Prioritize PKMW Project options that optimize water quality (i.e., filling of A418 or A154, prior 
to filling A21). 

• Breach dikes of pit lakes A418, A154 and A21 once monitoring results show acceptable 
water quality (i.e., below AEMP Benchmarks) within the pit lake; 

• Breach dikes sufficiently to encourage proper flushing from the pit lake into Lac de Gras; 
and 

• Monitor water quality within the pit lake prior to and after breaching the dikes. 

4.5.2.3 Cumulative Effects 

In the absence of Diavik Mine Project, concentrations of constituents associated with the Ekati 
Mine are predicted to rise in Lac de Gras until 2023 (the end of the existing operations at Diavik 
Mine) and then concentrations of most constituents are predicted to decrease between 2024 and 
2028 (DDEC 2014). Concentrations of TDS, calcium, chloride, ammonia, nitrate, and strontium 
are predicted to increase in Lac de Gras as a result of inflows related to the Jay Operation from 
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Lac du Sauvage from 2029 to 2033, then, during the post-closure phase, to decrease rapidly 
(2034-2060) (DDEC 2014). 

A semi-quantitative approach was taken to predicting cumulative effects of the PKMW Project 
and the Ekati Mine Jay Operation, given that the PKMW Project predictions were made for the 
individual pit lakes rather than for Lac de Gras as a whole. This approach is considered 
conservative, given that pit lake water will be diluted when mixed within Lac de Gras. 

The following water quality conditions were modelled for cumulative effects to predict the 
concentrations of constituents over time: 

• For pit lake A418 under modelled scenarios 2a, 3a, and 4a, water quality constituents are 
generally predicted to decrease quickly following closure and to stabilize. Constituents are 
predicted to be below the AEMP benchmarks for all scenarios in the surface water and at 
40 m depth (Appendix B, Table B-7, Figures B20-22); 

• For pit lake A154 under modelled scenarios 2a, 3a, and 4a, water quality constituents are 
generally predicted to decrease quickly following closure and to stabilize. Constituents are 
predicted to be below the AEMP benchmarks for all scenarios in the surface water and at 
40 m depth (Appendix B, Table B-8, Figures B23-25);  

• For pit lake A21 under modelled scenarios 2a, 3a, and 4a, water quality constituents are not 
predicted to decrease quickly following closure or to stabilize quickly. Constituents are 
predicted to be below the AEMP benchmarks for scenario 2a and 4a at both surface and 
40 m depths and above the AEMP benchmarks for scenario 3a at 40 m depth (Appendix B, 
Table B-9, Figures B25-27). 

The following trends over time and exceedances of AEMP benchmarks are predicted for pit lake 
A21 for scenario 2a, 3a, and 4a for cumulative effects: 

• Under scenario 2a, water quality constituents are in general predicted to increase in 
concentration approximately five years following closure, decrease, then fluctuate for 
approximately 65 years, then stabilize. Constituents are predicted to be below the AEMP 
benchmarks in the surface waters and at 40 m depth; 

• Under scenario 3a, water quality constituents are predicted to be stable in the surface water 
and are in general predicted to increase in concentration for approximately eight years 
following closure, decrease over approximately 75 years, then stabilize. Water quality in the 
surface waters is predicted to be below the AEMP benchmarks. At 40 m depth, 
exceedances of the AEMP benchmarks are predicted for a medium duration for nitrite (not 
modelled for Jay Project but expected to oxidize into nitrate within Lac de Gras so it is 
assumed to be the same for the PKMW Project itself), nitrate (4.2 mg/L), cadmium 
(0.12 µg/L), and molybdenum (80 µg/L) for a medium duration after to breaching the dike. 
These values are 40% higher for nitrate, 20% higher for cadmium, and 10% higher for 
molybdenum than the AEMP benchmarks, and are present at 40 m depth, which is generally 
not used by most aquatic life (i.e., plankton and fish). 
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• Under scenario 4a, water quality constituents are predicted to be stable in the surface water 
and are in general predicted to increase immediately following closure, then decrease 
erratically over the modelled time series. Concentrations in both the surface water and at 
40 m depth are predicted to be below the AEMP benchmarks. 

4.5.2.4 Summary of Cumulative Effects 

Table 4-12 summarizes cumulative environmental effects on water quality.  

For pit lakes A418 and A154 (scenarios 2a, 3a and 4a) and pit lake A21 (scenario 2a and 4a), 
modelling anticipates that during closure and post-closure of the PKWW Project, the cumulative 
effects will result in a neutral effect of negligible magnitude within the PDA; no residual cumulative 
effects are predicted during closure and post-closure for these scenarios (Table 4-12). Given that 
no adverse effects to the pit lakes are anticipated, it is expected that there will be no adverse 
effects to Lac de Gras. 

Cumulative modelling results for pit lake A21 scenario 3a predicts an adverse high magnitude 
effect for a moderate duration within the PDA during closure and post-closure. Given that an 
adverse effect to pit lake A21 for scenario 3a is anticipated, there is the potential that an adverse 
effect to Lac de Gras could occur. 

Table 4-12: Residual Cumulative Effects on Water Quality 

Residual 
Cumulative 

Effect Scenario 

Residual Cumulative Effects Characterization 
Project Phase 

D
irection 

M
agnitude 

G
eographic Extent 

D
uration 

Frequency 

R
eversibility 

Ecological and 
Socio-econom

ic 
C

ontext 

Residual 
cumulative 
effect 
(A418) 

2a DC, DP N N PDA N/A N/A N/A U 

3a DC, DP N N PDA N/A N/A N/A U 

4a DC, DP N N PDA N/A N/A N/A U 

Residual 
cumulative 
effect 
(A154) 

2a DC, DP N N PDA N/A N/A N/A U 

3a DC, DP N N PDA N/A N/A N/A U 

4a DC, DP N N PDA N/A N/A N/A U 

Residual 
cumulative 
effect (A21) 

2a DC, DP N N PDA N/A N/A N/A U 

3a DC, DP A H PDA MT S I U 

4a DC, DP N N PDA N/A N/A N/A U 



 

Document #: ENVI-968-0519 R0  This is not a controlled document when printed 
Template #: DCON-036-1010 R5 

Page 76 of 192 

Table 4-12: Residual Cumulative Effects on Water Quality 

Residual 
Cumulative 

Effect Scenario 

Residual Cumulative Effects Characterization 

Project Phase 

D
irection 

M
agnitude 

G
eographic Extent 

D
uration 

Frequency 

R
eversibility 

Ecological and 
Socio-econom

ic 
C

ontext 

Contribution 
from the 
Project to 
the residual 
cumulative 
effect 

The contribution of the PKMW Project to the residual cumulative effect was generally high for 
nitrate, low for cadmium, and moderate for molybdenum for pit lake A418 and A154 for scenarios 
2a, 3a and 4a. For pit lake A21 the contribution of the Project to the residual cumulative effect 
varied from low to high by parameter and scenario. 

KEY 
See Table 4-2 for detailed definitions 

Project Phase 
C: Construction 
O: Operation 
DC: Closure  
DP: Post-Closure 

Direction:  
P: Positive 
A: Adverse 
N: Neutral 

Magnitude:  
N: Negligible 
L: Low 
M: Moderate 
H: High 

 
Geographic Extent:  
PDA: Project Development Area 
LAA: Local Assessment Area  
RAA: Regional Assessment Area 

Duration:  
ST: Short-term;  
MT: Medium-term 
LT: Long-term 
 
N/A: Not applicable 

 
Frequency:  
S: Single event 
IR: Irregular event 
R: Regular event 
C: Continuous  

Reversibility:  
R: Reversible 
I: Irreversible  

Ecological/Socio-Economic 
Context:  
D: Disturbed 
U: Undisturbed 

4.6 DETERMINATION OF SIGNIFICANCE 

4.6.1 Significance of Project Residual Effects 

Alterations in water quality are anticipated for some constituents in the pit lake(s). Dike breaching 
will occur after monitoring confirms acceptable water quality within the pit lake. The 1999 
Comprehensive Study Report defines a significant adverse effect as a high probability of a 
permanent or long-term effect, of high magnitude, within the RAA, that cannot be technically or 
economically mitigated (CEAA 1999). Based on the modelling, and with application of mitigation 
and environmental protection measures, adverse effects on water quality are predicted to be not 
significant for the pit lakes (A418, A154 and A21) for all scenarios of PK deposition. Given that 
there are no significant adverse effects on water quality in the pit lakes anticipated, it is assumed 
that adverse effects to the LAA would also not be anticipated.  
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4.6.2 Significance of Cumulative Effects 

Alterations in water quality are anticipated for some constituents in the pit lake(s). Dike breaching 
will occur after monitoring confirms acceptable water quality within the pit lake. With mitigation 
and environmental protection measures, significant adverse cumulative effects on water quality 
in the pit lakes are not anticipated, and on that basis, it is assumed that significant adverse effects 
on water quality in the RAA (including Lac de Gras) would also be not significant. Cumulative 
changes in water quality are not anticipated to affect traditional use of the land including aquatic 
life, caribou and Indigenous people and is anticipated to be acceptable for future generations. 

4.6.2.1 Project Contribution to Cumulative Effects 

Water quality predictions to assess the project contribution to the total cumulative effects were 
not made specifically for Lac de Gras. However, water quality for PKMW Project-related effects 
and cumulative effects was predicted and a qualitative estimate of the cumulative effects was 
made using nitrate, cadmium, and molybdenum as the parameters of interest.  

It is anticipated that the cumulative effect contribution for pit lake A418 and A154 would be similar, 
with water quality not predicted to exceed AEMP benchmarks. For pit lake A418 and A154 
scenarios, PKMW Project contributions to the cumulative change in water quality are estimated 
to be moderate to high for nitrate, low for cadmium, and moderate for molybdenum. Changes in 
nitrate and molybdenum concentrations would be mainly attributable to the PKMW Project and 
changes in cadmium concentrations would be mainly attributable other sources. 

For pit lake A21 scenario 2a, PKMW Project contributions to the cumulative change in water 
quality are estimated to be low for nitrate, cadmium, and molybdenum and for scenario 3a and 
4a, to be high for nitrate molybdenum and moderate to high for cadmium. 

4.7 PREDICTION CONFIDENCE 

The modeling conducted to inform the SIS was for preliminary planning purposes, with simplified 
assumptions as described in Section 4.4.1. A scenario can be modelled with greater certainty to 
support a full closure plan update, following selection of a scenario that reflects the preferred 
option for pit filling (Golder 2018).The modelling used to inform the SIS required many 
assumptions relating to the physical and chemical characteristics of the PKMW Project, all of 
which have inherent uncertainty (Golder 2018).  

The assumptions incorporated in the model and the sensitivity analyses done to increase the 
confidence in the model and results are described in Section 4.4.1. Golder (2018) concluded that 
the sensitivity scenarios confirmed the assumptions of the model used to predict constituent 
concentrations within the pit lakes were appropriate and further increased the confidence in the 
water quality modelling results. The effect pathways for water quality are well known and the 
proposed mitigation is anticipated to be effective. Overall, there is a high degree of confidence 
that the change in water quality predicted for the pit lakes (A418, A154 and A21) will not result in 
a significant adverse effect to water quality as defined by CEAA (1999).  
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4.8 FOLLOW-UP AND MONITORING 

Follow-up to verify the environmental effects predictions and effectiveness of mitigation is an 
important component of this Project and is summarized below: 

• Sample PK porewater to confirm constituent concentrations used in model 
• Monitor the chemocline development and stability prior to breaching dike (Surveillance 

Network Program). Include visual monitoring by Traditional Knowledge. 
• Monitor water quality in the flooded mine workings following dike breaching. 
• Monitor water quality in Lac de Gras following re-connection of pit lake(s) to Lac de Gras.  
• Adequately size breaches to optimize water circulation within the closure water cap to meet 

water quality objectives; and 
• Continue the AEMP in Lac de Gras (water quality, sediment, fish and invertebrates within 

the water and sediment). 

4.9 SUMMARY OF COMMITMENTS 

Commitments to mitigate adverse residual or cumulative effects are summarized below: 

• Conduct follow-up and monitoring as described in Section 4.8; 
• Breach dikes following receipt of monitoring results that show acceptable water quality (i.e., 

below AEMP benchmarks) within the pit lake(s); 
• Close the breaches or isolate the pit lake from Lac de Gras if water quality is later 

determined to pose a risk to water quality, fish and fish habitat, caribou. humans or cultural 
land uses; 

• Report findings back to Indigenous communities. 

4.10 SUMMARY AND CONCLUSIONS 

For pit lakes A418 and A154 (all scenarios) and A21 (scenario 2a and 4a), no residual Project or 
cumulative effects on the aquatic environment within the pit lakes are predicted during closure 
and post-closure. For pit lake A21 (scenario 3a) modelling predicts an adverse high magnitude 
effect of moderate duration within the PDA during closure and post-closure. Based on the 
modelling and the significance definition developed by CEAA (1999), with application of mitigation 
and environmental protection measures, significant adverse effects on water quality are not 
anticipated for the pit lakes (A418, A154 and A21) for all scenarios of PK deposition modelled. 

  



 

Document #: ENVI-968-0519 R0  This is not a controlled document when printed 
Template #: DCON-036-1010 R5 

Page 79 of 192 

5.0 ASSESSMENT OF POTENTIAL EFFECTS ON 
SURFACE WATER QUANTITY 

Surface Water Quantity was selected as a valued component (VC) because of the potential for it 
to interact with activities associated with the closure phase of the Processed Kimberlite to Mine 
Workings (PKMW) Project. Potential effects to Surface Water Quantity inform the potential effects 
assessment of Surface Water Quality, Fish and Fish Habitat and Aquatic Birds (alteration of 
habitat). 

5.1 SCOPE OF ASSESSMENT 

The scope of the effects assessment for the Surface Water Quantity VC is defined by the 
Mackenzie Valley Environmental Impact Review Board (MVEIRB)’s Scope of Environmental 
Assessment and Reasons for Decision (MVEIRB 2019) and project-specific information requests 
from Indigenous groups, regulators, and other stakeholders. Based on these sources, the 
assessment focuses on potential effects of the PKMW Project on the hydrology of Lac de Gras 
during the closure phase when mine workings A418, A154 and A21 will be filled with water from 
Lac de Gras after PK has been deposited into one or more of them. 

5.1.1 Regulatory and Policy Setting 

Canada Water Act 

The Canada Water Act provides a framework for management of water resources including 
research and the planning and implementation of programs relating to the conservation, 
development and utilization of water resources. 

Fisheries Act 

The Fisheries Act prohibits “any work, undertaking, or activity that results in serious harm to fish 
that are part of a commercial, recreational, or Aboriginal fishery, or to fish that support such a 
fishery.” This is implicitly relevant to the Surface Water Quantity VC because surface water 
quantity influences fish and fish habitat. The Fisheries Act is discussed in detail in Section 6.0. 

5.1.2 The Influence of Consultation and Engagement on the 
Assessment 

During the Wek'èezhìi Land and Water Board (WLWB) and MVEIRB’s review of the proposed 
PKMW Project a comment was raised about the issue of potential effects of PK deposition and 
mine workings infilling on hydrology of Lac de Gras. This issue has been incorporated into the 
water quantity effects assessment. 
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5.1.3 Potential Effects, Pathways and Measurable Parameters 

Potential effects to the Surface Water Quantity VC due to the PKMW Project include: change in 
Lac de Gras outflow and water level (Table 5-1). These effects would occur as a result of the 
infilling of mine workings with water from Lac de Gras. Potential effects have the potential to 
extend to the Narrows between Lac de Gras and Lac du Sauvage.   

Table 5-1:  Potential Effects, Effects Pathways and Measurable Parameters for Surface 
Water Quantity 

Potential Environmental 
Effect Effect Pathway  

Measurable Parameter(s) and Units 
of Measurement 

Change in Lac de Gras 
outflow and water level 

Reduced outflow and water level due 
to water withdrawals from the lake 

Lake outflow and water level 

5.1.4 Boundaries 

5.1.4.1 Spatial Boundaries 

Spatial boundaries for the assessment of potential effects on the Surface Water Quantity VC are 
the same as those of the Water Quality and Fish and Fish Habitat VCs. These are: 

• Project Development Area (PDA): the area disturbed by the PKMW Project during 
construction, operations, and closure including the PK pipeline and mine workings  

• Local assessment Area (LAA): the area used to assess project-specific effects. The LAA is 
delineated by the area of Lac de Gras enclosed by a one-kilometre buffer around the East 
Island (Figure 5-1)   

• Regional Assessment Area (RAA): the area used to provide regional context to the potential 
project-specific effects and to assess potential cumulative effects of the project. The RAA 
includes the PDA and LAA and encompasses the entirety of the Lac de Gras watershed to 
the outlet of Lac de Gras at the Coppermine River (Figure 5-1). The RAA includes the Diavik 
Mine and the Ekati Mine, including Fox, Misery and Jay Operations, the only other project 
with the potential to interact cumulatively with potential effects from the PKMW Project.  

These study areas are the same as those used in the 1998 Comprehensive Study (DDMI 1998). 
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5.1.4.2 Temporal Boundaries 

Temporal boundaries for the assessment of potential effects of the PKMW Project are derived 
from the development schedule presented in Table 2-6, and include: 

• Construction: includes construction of the PK slurry pipeline from the Process Plant to mine 
workings beginning in 2021 (a five month duration) 

• Operations: includes deposition of fine and extra-fine processed kimberlite (EFPK) into mine 
workings and decanting porewater from the mine workings to the Process Plant or North 
Inlet beginning in 2021 (four to six years) 

• Closure: includes infilling the remainder of mine workings with a freshwater cap (six months 
to two years) beginning as early as 2026, and breaching the dikes to connect the pit lakes to 
Lac de Gras in 2029 or earlier  

• Post-closure: the period after the pit lakes are connected to Lac de Gras in 2029 or earlier 
(extended to 100 years for the purpose of this assessment) 

The temporal boundary for the assessment of potential effects of the PKMW Project on the 
Surface Water Quantity VC focuses on the closure phase, which includes filling the mine workings 
with freshwater from Lac de Gras.  

Interactions of the PKMW Project with surface water quantity during the construction and 
operations phases are unchanged from those assessed in the 1998 Comprehensive Study (DDMI 
1998). Likewise, the PKMW Project does not have interactions with potential negative effects on 
surface water quantity during the post-closure phase. 

5.1.5 Effects Characterization 

The process of infilling mine workings with water from Lac de Gras at closure is compared against 
this process as described in DDMI’s current Interim Closure and Reclamation Plan (ICRP) for the 
Diavik Mine (version 4.0). 

5.2 EXISTING CONDITIONS FOR SURFACE WATER QUANTITY 

5.2.1 Methods 

Existing conditions for the Surface Water Quantity VC were compiled and summarized from the 
following sources: 

• DDMI (1998a). Environmental Effects Report, Fish and Water. Volume 1 of 2.  
• Long-term (23 years) flow data from the Water Survey of Canada hydrometric station on 

Coppermine River (10PA001). 
• No new field studies were conducted for this assessment. 
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5.2.2 Overview 

Lac de Gras is a large (572 square kilometres - km2) lake, with a drainage area of 4,130 km2 and 
mean annual discharge of 18 cubic metres per second (m3/s), located in the headwaters of the 
Coppermine River. The lake has a mean depth of 12 metres (m) and maximum depth of 56 m. 

Lac de Gras drains into the Coppermine River which has a mean annual discharge of 27 m3/s at 
the Water Survey of Canada hydrometric station (10PA001; drainage area = 6,120 km2). 

The Coppermine River has an Arctic nival regime where surface water flow typically rises from its 
winter baseflow in May or early June, and rapidly reaches its peak flow in June. After the 
snowmelt-fed freshet, streamflow steadily decreases throughout the summer, and may be 
augmented by fall rain events. In October or November, streamflow begins to recess back to 
winter baseflow.  

5.3 PROJECT INTERACTIONS WITH SURFACE WATER 
QUANTITY 

The physical activities that may interact with the surface water quantity are identified in Table 5-2.  
As discussed in Section 5.1.4.2, the only potential interaction between the PKMW Project and the 
Surface Water Quantity VC carried forward into the effects assessment is: 

• Potential change in outflow and water level of Lac de Gras due to water withdrawals for 
infilling of mine workings during the closure phase. 

Table 5-2:  Potential Project Interactions with Surface Water Quantity 

Physical Activities 

Environmental Effects 
Change in outflow and 

water level of Lac de Gras 
Construction 
Activity 1 - Construction of a slurry pipeline from processing plant to mine workings – 
Operation 
Activity 1 - Deposition of fine PK and/or extra-fine PK to mine workings – 
Activity 2 – Management (decanting) of PK porewater from mine workings  – 
Closure 
Activity 1 - Infilling of mine workings with water from Lac de Gras  

Activity 2 - Natural stabilization of water in pit lakes; monitoring of water quality in 
pit lakes prior to reconnection to Lac de Gras 

– 

Activity 3 - Breaching of dike(s) and mixing of pit lake water(s) with Lac de Gras – 
Post-closure 
Activity 1 - Ongoing monitoring in the pit lakes and Lac de Gras during ongoing 
interaction between deposited PK and lake water 

– 

NOTES: 
 = Potential interaction 
– = No interaction 
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5.4 ASSESSMENT OF ENVIRONMENTAL EFFECTS ON SURFACE 
WATER QUANTITY 

Infilling of mine workings with freshwater from Lac de Gras is included in Diavik Mine’s Interim 
Closure and Reclamation Plan (ICRP; version 4.0). Depositing PK into mine workings prior to 
infilling with water will reduce the void space within these mine workings and correspondingly the 
volume of water needed to fill them. There would be no effect on DDMI’s proposed rate of water 
withdrawal from Lac de Gras as described in the ICRP.  

Infilling of mine workings with freshwater has the potential to result in adverse effects to volume 
and outflow of Lac de Gras. Assuming freshwater withdrawal rates for the PKMW Project are 
consistent with those of the ICRP, infill of the mine workings under the PKMW Project will take 
less time, and will require less water than in scenarios where no PK is deposited in mine workings. 
Therefore, PK deposition will have effects on the volume and outflow of Lac de Gras of lesser 
magnitude and shorter duration than those associated with the current ICRP.   

Withdrawal rates for the PKMW Project that are protective of the aquatic environment will be 
established in discussion with regulators.  

5.4.1 Accidents and Malfunctions 

DDMI has identified two accident and malfunction scenarios: 

• An uncontrolled rock release resulting from geotechnical instability in a pit wall, once filled 
with PK and water 

• An uncontrolled release of PK from a PK slurry pipeline 

Further description of an uncontrolled rock release within a pit once filled with PK and water was 
previously described in Golder (2018a), provided in response to WLWB IR#1 on November 6, 
2018. An uncontrolled rock release would result in mixing of waters and disruption of meromictic 
conditions.  

An uncontrolled release of PK from a PK slurry pipeline could occur as a result of a rupture of the 
pipeline during routing operations, including failure of a pipeline connection or an impact from a 
vehicle. 

Neither of these events would interact with the Surface Water Quantity VC and therefore it is not 
assessed further. 
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5.5 ASSESSMENT OF CUMULATIVE ENVIRONMENTAL EFFECTS 
ON SURFACE WATER QUANTITY 

Withdrawal of water from Lac de Gras has the potential to interact cumulatively with withdrawal 
from one or more Operations at the Ekati Mine (e.g., Sable Pit, Fox Pit; DDEC ICRP version 3.0). 
To reduce the potential for cumulative effects, withdrawal rates for the PKMW Project that are 
protective of the aquatic environment, and consider other operations within the Lac de Gras 
watershed, will be established in discussion with regulators.  
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6.0 ASSESSMENT OF POTENTIAL EFFECTS ON FISH 
AND FISH HABITAT 

Fish and Fish Habitat was selected as a valued component (VC) because fish and fish habitat are 
the end-point receptors for changes in water quality and water quantity caused by the Processed 
Kimberlite to Mine Workings (PKMW) Project. Additionally, fish are valued by people for their 
intrinsic value as a component of healthy aquatic ecosystems and for subsistence, recreational 
and traditional uses. 

Fish and fish habitat may be directly affected by changes in water quality causing potential chronic 
or acute toxicological effects or changes in the suitability of future compensatory fish habitat (as 
per the existing Section 35 (2) Fisheries Act authorization) in the pit lakes once reconnected to 
the lake. Fish may also be indirectly affected by any change in the density, distribution, or 
composition of plankton or benthic invertebrate communities in the pit lakes and Lac de Gras.  

Potential effects to fish and fish habitat are informed by predicted residual effects from the Water 
Quality VC and Water Quantity VC. Potential effects to Fish and Fish Habitat, in turn, inform the 
potential effects assessment of the Wildlife VC (i.e., wildlife that eat fish such as aquatic birds) 
and the Cultural Use VC (i.e., subsistence, traditional, or recreational fishing). 

6.1 SCOPE OF ASSESSMENT 

The scope of the effects assessment for the Fish and Fish Habitat VC is defined by the “Scope of 
the Environmental Assessment and Reasons for Decision” (MVEIRB 2019) and project-specific 
information requests from Indigenous groups, regulators and other stakeholders. Based on these 
sources, the assessment focuses on potential effects of the Project on the fish community of Lac 
de Gras during the closure and post-closure phases; these are the phases when the mine 
workings are infilled with freshwater from Lac de Gras and when dikes are breached and water 
and fish can move freely between the pit lakes and Lac de Gras. Specific assessment 
requirements for the Fish and Fish Habitat VC are: 

• Potential effects to Fish and Fish habitat due to changes in water quality (MVEIRB 2019) 
• Potential effects to Fish and Fish habitat from not reconnecting the pit lakes to Lac de Gras 

(MVEIRB 2019) 
• Potential implications of not reconnecting the pit lakes to Lac de Gras on the approved 

Fisheries and Oceans (DFO) No Net Loss Plan and how those losses would be mitigated 
(IR#9) 

• Potential effects to Fish and Fish Habitat in Lac de Gras, the Narrows between Lac de Gras 
and Lac du Sauvage, and at the outflow of Lac de Gras to the Coppermine River resulting 
from hydrology changes while filling the mine workings with water from Lac de Gras. 
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The assessment includes potential cumulative effects of the PKMW Project on fish in Lac de Gras 
with other past, present, or reasonably foreseeable projects with potential residual effects on fish. 
Potential effects to Fish and Fish Habitat from destratification (i.e., mixing) of the pit lakes are 
assessed in the Accidents and Malfunctions Section (Section 6.4.5).   

6.1.1 Regulatory and Policy Setting 

Fisheries Act 

Section 35(1) of the Fisheries Act prohibits “any work, undertaking, or activity that results in 
serious harm to fish that are part of a commercial, recreational, or Aboriginal fishery, or to fish 
that support such a fishery.” Serious harm to fish is defined in the Act as “the death of fish or 
permanent alteration or destruction of fish habitat”. However, a person does not contravene 
Section 35(1) of the Fisheries Act if the work, undertaking, or activity is conducted in accordance 
with prescribed conditions, regulations, or is authorized by the Minister of Fisheries and Oceans 
Canada (DFO). A paragraph 35(2)(b) Fisheries Act authorization can be issued by DFO to a 
proponent for any unavoidable serious harm to fish once it has considered the following factors: 

• The contribution of the relevant fish to the ongoing productivity of commercial, recreational, 
or Aboriginal (CRA) fisheries; 

• Fisheries management objectives 
• Whether there are measures and standards to avoid, mitigate, or offset serious harm to fish 

that are part of a CRA fishery, or that support a such a fishery 
• The public interest 

Section 36(3) of the Fisheries Act prohibits the “deposit of a deleterious substance of any type in 
water frequented by fish or in any place under any conditions where the deleterious substance 
may enter any such water.” A deleterious substance is any substance that, if added to water, 
degrades or alters its quality so that is likely to be rendered deleterious to fish or fish habitat or to 
people or fish that frequent that water. 

Metal and Diamond Mine Effluent Regulation 

The Metal and Diamond Mine Effluent Regulation (MDMER) allows mines to release effluent to 
the receiving environment, without contravening Section 36(3) of the Fisheries Act, if it’s 
concentration of arsenic, copper, cyanide, lead, nickel, zinc, suspended solids, and radium 226 
does not exceed the maximum authorized concentrations in the regulation, has a pH between 6.0 
and 9.5, and is not acutely lethal to fish and aquatic biota.  

The MDMER also allows mine proponents to deposit waste rock and mine tailings in waters 
frequented by fish if the affected habitat is offset to the satisfaction of DFO and the waterbody is 
designated as a Tailings Impoundment Area on Schedule 2 of the MDMER by the Parliament of 
Canada. The MDMER is administered on behalf of DFO by Environment and Climate Change 
Canada. 
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Species at Risk Act 

The Species at Risk Act (SARA) protects wildlife species at risk in Canada to prevent the 
extirpation or extinction of wildlife species (including fish), to provide recovery strategies for 
species that are extirpated, endangered, and threatened because of human activity; and to 
manage species of special concern so they do not become threatened or endangered. 

Under SARA, it is prohibited to kill, harm, harass, capture or take individual species at risk 
(Section32(1)), or damage or destroy their residences (Section 33). Critical habitat may be 
identified and designated as such for species at risk. Section 58 of SARA prohibits the destruction 
of critical habitat for all species at risk on federally regulated lands and on all lands if it is an 
aquatic species protected under the Fisheries Act or a migratory bird protected under the 
Migratory Bird Conservation Act.  

The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) assesses and 
designates the status of species and recommends designation for legal protection under SARA. 
Species listed under COSEWIC only are not afforded legal protection under SARA. 

6.1.2 The Influence of Consultation and Engagement on the 
Assessment 

The following issues relevant to potential effects of the PKMW Project on fish and fish habitat 
were raised by participants in the DDMI Traditional Knowledge Panel Session #8 held December 
2 to 4, 2015 and DDMI Traditional Knowledge Panel Session #11 held May 10 to 14, 2018 as 
summarized by Thorpe Consulting Services (2015 and 2018, respectively): 

• Potential change in fish taste if water quality changes 
• Potential toxicity of PK to fish if ingested 
• Potential effects of PK on fish gills and their respiration 
• Concern that the PK could create a “dead” lake given that PK is unlikely to support growth of 

plants or insects upon which fish depend for food 
• Potential effect on fish at different depths of the pit lake(s) that have PK in them 

Each of these potential effects will be discussed in the assessment below. 
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6.1.3 Potential Effects, Pathways and Measurable Parameters 

Potential effects to fish and fish habitat due to the PKMW Project include change in fish mortality 
and change in fish habitat (Table 6-1). A potential change in fish mortality could occur in three 
ways: 

1. A change in the growth, survival, and/or health of fish during the closure phase caused by a 
change in water quality in the pit lakes or in Lac de Gras once the dikes are breached 

2. A change in the growth, survival, and/or health of the plankton and benthic invertebrate 
communities upon which fish depend for food during the closure phase caused by a change 
in water quality in the pit lakes or in Lac de Gras once the dikes are breached 

3. A change in littoral habitat area in Lac de Gras or wetted width and depth in the Coppermine 
River that results in the death of fish or eggs due to ice scour or dewatering  

Table 6-1:  Potential Effects, Effects Pathways and Measurable Parameters for Fish and Fish 
Habitat 

Potential 
Environmental 

Effect Effect Pathway  
Measurable Parameter(s) and Units of 

Measurement 

Change in Fish 
Mortality 

• Direct effect on growth, survival 
and/or health of fish due to change 
in water quality 

• Direct effect on growth, survival 
and/or health of fish due to change 
in dissolved oxygen concentration 

• Indirect effect on fish due to 
change in abundance, distribution, 
or health of prey (e.g., zooplankton, 
benthic invertebrates) 

• Sentinel fish species condition (i.e., the 
weight to length ratio of fish in a population) 

• Sentinel fish species average length, 
weight, and age 

• Sentinel fish species relative liver and 
gonad weight 

• Sentinel fish species abundance (catch-
per-unit-effort) 

• Sentinel fish species growth (size at age) 
• Tissue metal concentrations (mg/kg) in 

slimy sculpin 
• Tissue mercury concentrations (mg/kg) in 

lake trout 

Direct mortality of fish or fish eggs due 
to ice scour or dewatering 

• Sentinel fish species abundance (catch-
per-unit-effort) 

Change in Fish 
Habitat 

Decreased suitability of pelagic habitat 
in pit lake(s) 

• Habitat volume (m3) 
• Chemocline depth (m) 
• Dissolved oxygen concentration (mg/L) 

Exclusion of fish from the pit lake(s) • Habitat area (m2) 

Decreased lake levels in Lac de Gras 
and/or decreased flows in Coppermine 
River downstream of Lac de Gras 

• Habitat area (m2) 
• Stream discharge (m3/sec) 

A potential change in fish mortality due to impingement of fish on the intake screens or 
entrainment of fish in the pumps could also occur when the mine workings are being filled with 
water from Lac de Gras. However, this potential effect was assessed in the original EA (DDMI 
1998) and is not reassessed here. 
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A change in water quality in the pit lake(s) could include: increases of metal, metalloid, nutrient or 
ion concentrations; or, a decrease in dissolved oxygen concentrations. This in turn could create 
acutely or chronically toxic conditions for fish or the plankton and benthic invertebrates upon which 
fish depend for food. Measurable parameters for this potential effect include tissue metal 
concentrations in fish tissue and growth, condition, and survival metrics for fish species that may 
colonize the newly accessible pit lake(s). 

Any reduction in the littoral area of Lac de Gras has the potential to increase the mortality of fish 
or fish eggs. Littoral areas are the most productive areas of lakes because, in lakes such as Lac 
de Gras, they have substrates suitable for the development of periphyton and macrophytes, high 
dissolved oxygen concentrations, and shallow depths for maximum light penetration. Littoral 
areas also include the shallow, protected bays and inter-island habitats preferred by juvenile fish 
for rearing. Therefore, any reduction in the availability of this littoral habitat can increase fish 
mortality if the reduction is large enough and long enough to lower primary or secondary 
production or the availability of critical habitat such that the growth or survival of fish is affected. 
Additionally, reduced water levels in winter can result in increased mortality of fish eggs laid by 
fall spawning species such as lake whitefish, round whitefish, and lake trout. 

Deposition of PK in the mine workings could result in a change in fish habitat if it effects the 
suitability and availability of the pelagic zone in the pit lake(s) for fish post-closure. This area of 
the pit lake(s) could be used by pelagic fish species such as round whitefish (Prosopium 
cylindraceum) and lake trout (Salvelinus namaycush) once the dikes are breached and fish are 
able to colonize the pit lakes from the lake. Decreased suitability of this pelagic habitat could occur 
due to decreased dissolved oxygen concentrations or a decreased mixolimnion volume (i.e., the 
area of the pit lake above the chemocline that mixes during spring and fall turn-over events). 
Measurable parameters for this potential effect include the vertical dissolved oxygen profile, the 
volume of the mixolimnion, and the chemocline depth. 

A change in fish habitat may occur in Lac de Gras and/or in the Coppermine River downstream 
of Lac de Gras while the mine workings are being filled with water. Depending on the rate of filling, 
diversion of water to the mine workings from Lac de Gras could decrease water levels in the lake 
such that there is a reduction in the amount of littoral (i.e., shallow, near-shore) habitat in the lake. 
Similarly, diversion of water to the mine workings could reduce flows in the Coppermine River. 
Both of these potential effects could affect the availability and suitability of spawning, rearing, or 
overwintering habitat for fish using these areas for all or part of their life histories. Measurable 
parameters for this potential effect are the abundance and/or population structure of Lac de Gras 
fish populations. 

A change in fish habitat may also occur if the pit lake(s) are not reconnected with Lac de Gras 
during closure of the mine. In this scenario, a net loss of fish habitat in Lac de Gras could occur 
because the reconnection of the pit lakes to Lac de Gras is part of the No-Net-Loss (NNL) plan 
and NNL Addendum submitted to DFO for the paragraph 35(2)(b) Fisheries Act authorization. 
The measurable parameter for this potential effect is square meters of habitat. Measurable 
parameters for the Fish and Fish Habitat VC presented in Table 6-1 are similar to those used in 
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the 1998 Comprehensive Study (DDMI 1998: habitat area, fish population size, fish tissue metal 
concentrations) and are compatible with the paragraph 35(2)(b) Fisheries Act authorization issued 
to DDMI by DFO and with the Diavik Aquatic Environmental Monitoring Program Design Plan 
Version 4.1 (Golder 2017a).  

6.1.4 Boundaries 

6.1.4.1 Spatial Boundaries/ 

Spatial boundaries for the assessment of potential effects on the Fish and Fish Habitat VC are 
the same as for the Water Quality and Water Quantity VCs. They are the: 

• Project Development Area (PDA): the area disturbed by the PKMW Project during 
construction, operations, and closure including the PK pipeline and mine workings  

• Local Assessment Area (LAA): the area used to assess project-specific effects. The LAA is 
delineated by the area of Lac de Gras encompassed within a one-kilometer buffer around 
the East Island (Figure 6-1)   

• Regional Assessment Area (RAA): the area used to provide regional context to the potential 
project-specific effects and to assess potential cumulative effects of the PKMW Project. The 
RAA includes the PDA and LAA and encompasses the entirety of the Lac de Gras 
watershed to the outlet of Lac de Gras at the Coppermine River (Figure 6-1). This RAA 
includes the Diavik Mine and the Misery, Lynx, and Jay Operations of the Ekati Mine, the 
only other project with the potential to interact cumulatively with potential effects from the 
PKMW Project.  

These study areas are the same as those used in the 1998 Comprehensive Study (DDMI 1998). 

6.1.4.2 Temporal Boundaries 

Temporal boundaries for the assessment of potential effects of the PKMW Project on the Fish 
and Fish Habitat VC are derived from the development schedule presented in Table 2-6, and 
include: 

• Construction: includes construction of the PK slurry pipeline from the Process Plant to mine 
workings beginning in 2021 (a five month duration) 

• Operations: includes deposition of fine and extra-fine processed kimberlite (EFPK) into mine 
workings and decanting porewater from the mine workings to the Process Plant or North 
Inlet beginning in 2021 (four to six years) 

• Closure: includes infilling the remainder of mine workings with a freshwater cap (six months 
to two years) beginning as early as 2026, and breaching the dikes to connect the pit lakes to 
Lac de Gras in 2029 or earlier  

• Post-closure: the period after the pit lakes are connected to Lac de Gras in 2029 or earlier 
(extended to 100 years for the purpose of this assessment) 
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6.1.5 Residual Effects Characterization 

Criteria used to characterize the potential PKMW Project residual effects on the Fish and Fish 
Habitat VC are consistent with the criteria used in the 1998 Comprehensive Study (DDMI 1998) 
and the Aquatic Effects Monitoring Program (Golder 2017a). The criteria are provided in  
Table 6-2. Ecological context ratings (e.g., low, medium, high) are not defined. Instead, ecological 
context was used in the assessment as a modifier when assessing the magnitude of potential 
effects to fish and fish habitat. This is done by assessing the importance of the potentially affected 
habitat, or the number of fish affected, relative to the entirety of the habitat and fish in Lac de 
Gras. 

Table 6-2:  Characterization of Residual Effects on Fish and Fish Habitat 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Direction The long-term trend of the 
residual effect 

Positive – a residual effect that moves measurable 
parameters in a direction beneficial to fish and fish habitat 
relative to baseline. 
Adverse – a residual effect that moves measurable 
parameters in a direction detrimental to fish and fish 
habitat relative to baseline. 
Neutral – no net change in measurable parameters for 
fish and fish habitat relative to baseline.  

Magnitude The amount of change in 
measurable parameters or the 
VC relative to existing 
conditions 

Negligible – a <1% change in any fish and fish habitat 
measurable parameter 
Low – a >1% but <10% change in sentinel fish species 
abundance, population structure, growth rate, or health 
metric measurable parameter or a >1% but ≤10% change 
in habitat area in Lac de Gras 
Moderate – a >10% but <20% change in sentinel fish 
species abundance, population structure, growth rate, or 
health metric measurable parameter; a >10% but ≤20% 
change in habitat area in Lac de Gras 
High – a >20% change in sentinel fish species 
abundance, population structure, growth rate, or health 
metric measurable parameter; a >20% change in habitat 
area in Lac de Gras 

Geographic Extent The geographic area in which 
a residual effect occurs  

LAA – residual effects do not extend beyond a 1 km 
buffer around East Island 
RAA – residual effects extend into the Lac de Gras 
watershed 
Beyond RAA – residual effects extend beyond the Lac de 
Gras watershed 

Frequency Identifies how often the 
residual effect occurs and how 
often during the PKMW Project 
or in a specific phase 

Single event 
Multiple irregular event – occurs at no set schedule 
Multiple regular event – occurs at regular intervals  
Continuous – occurs continuously 
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Table 6-2:  Characterization of Residual Effects on Fish and Fish Habitat 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Duration The period of time required 
until the measurable 
parameter or the VC returns to 
its existing condition, or the 
residual effect can no longer 
be measured or otherwise 
perceived 

Short-term – residual effect restricted to the construction, 
operations, or closure phases for <3 years 
Medium-term – residual effects extending through 
construction, operations, or closure phases (i.e., >3 years) 
but not beyond the life-cycle of the longest living fish 
species (i.e., lake trout) in Lac de Gras (<30 years) 
Long-term – residual effects lasting longer than 30 years, 
the life-cycle of the longest living fish species (i.e., lake 
trout) in Lac de Gras (>30 years) 

Reversibility Pertains to whether a 
measurable parameter or the 
VC can return to its existing 
condition after the project 
activity ceases 

Reversible – the residual effect is likely to be reversed 
after activity completion and reclamation 
Irreversible – the residual effect is unlikely to be reversed 

6.1.6 Significance Definition 

A significant adverse effect on the Fish and Fish Habitat VC is defined as a measurable change 
in sentinel fish population(s) in Lac de Gras that is greater than 20% of the background, pre-mine 
condition and has a high probability of being permanent or long-term in nature. This significance 
definition is consistent with the 1998 Comprehensive Study (DDMI 1998a) and the Aquatic Effects 
Monitoring Program (Golder 2017a). 

6.2 EXISTING CONDITIONS FOR FISH AND FISH HABITAT 

6.2.1 Methods 

Existing conditions for the Fish and Fish Habitat VC were compiled and summarized from the 
following sources: 

• Diavik Diamond Mines Inc. (1998a). Environmental Effects Report, Fish and Water. Volume 
1 of 2. A report submitted to the Canadian Environmental Assessment Agency by Diavik 
Diamond Mine Inc., September 1998. 

• Golder Associates. 2019. Aquatic Effects Monitoring Program 2018 Annual Report. A report 
submitted to Diavik Diamond Mines (2012) Incorporated by Golder Associates, Yellowknife, 
NWT, March 2019. 

• Golder Associates. 2014b. Fish and Fish Habitat Baseline Report for the Jay Project: 
Appendix XIV. A report prepared for Dominion Diamond Ekati Corporation by Golder 
Associates, Yellowknife, NWT. September, 2014. 

No new field studies were conducted specifically for the assessment of potential effects to fish 
and fish habitat due to the PKMW Project. 
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6.2.2 Overview 

6.2.2.1 Fish Habitat 

Lac de Gras is a large (572 km2), ultra-oligotrophic lake located in the headwaters of the 
Coppermine River. The lake has a mean depth of 12 m and maximum depth of 56 m. There are 
numerous small islands and submerged shoals in the lake as well as at least eight large (i.e., > 
100 ha) islands including East Island on which the Diavik Mine is located. 

Habitat in the near-shore areas of Lac de Gras is characterized by coarse gravel, cobble, and 
boulder substrates extending from the waterline down to a depth of approximately 6 metres (m). 
In areas exposed to prevailing winds, these substrates are kept largely clean of silt and fines by 
wave-action. Traditional knowledge indicates that these exposed areas are not suitable rearing 
habitat for fish because there is no protection for small fish from the waves; protected areas 
between islands are better (Thorpe Consulting Services 2015). Below the 6 m depth contour, 
substrates throughout the lake are comprised of silt, sand, and fine organics. 

Shoals are common throughout the lake and extend between 1 m and 10 m below the water 
surface. Unlike the boulder covered shorelines found around much of the lake perimeter, shoals 
in Lac de Gras provide fair to good quality spawning habitat for lake trout (Salvelinus namaycush) 
and cisco (Coregonus artedii) (DDMI 2011). This is supported by Traditional Knowledge which 
indicates that substrates (i.e., gravel and hard substrates instead of sand), slope (i.e., steeper 
than flat), and water currents (i.e., moving water but not strong) determine spawning site selection 
and spawning success of these species (Thorpe Consulting Services 2015). 

Macrophyte growth in Lac de Gras is limited to a small, shallow area between the East and West 
islands. The limited distribution and abundance of macrophytes in the lake is due to the paucity 
of soft, unconsolidated sediments required by macrophytes to become rooted within the near-
shore area.  

Lac de Gras is an ultra-oligotrophic lake (i.e., total phosphorus concentrations <0.005 µg/L) with 
very low metals, nutrients, hardness, and suspended sediment concentrations. The low nutrient 
concentration of the lake, coupled with the short growing season and relatively cool summer water 
temperatures, limits phytoplankton community growth (i.e., photosynthetic, free-swimming algae). 
Average summer chlorophyll a concentration, a measure of photosynthetic pigment abundance, 
is <0.5 µg/L. This low standing crop of algae, in turn, limits the annual production of zooplankton, 
benthic invertebrates and fish. 

Lac de Gras is ice-covered from approximately mid-October to mid-June each year. Dissolved 
oxygen concentrations during winter are high (i.e., >6 mg/L) and above the lethal threshold for 
fish throughout the water column. The exceptions are in the isolated, deep water areas within one 
or two meters of the bottom where biological oxygen demand from bacterial decomposition of 
organic materials lowers dissolved oxygen concentrations to <1 mg/L. 
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Lac de Gras does not thermally stratify in summer. This is because of the exposure of the lake to 
unobstructed winds and the long (up to 60 km) fetch upon which these winds can act on the water 
surface to mix the water column. Average summer water temperatures are 12°C with maximum 
water temperatures up to 18°C. Dissolved oxygen concentrations are near saturation in summer 
throughout the water column. Traditional knowledge indicates that pressure ridges or open water 
attract fish in Lac de Gras because of the oxygen (Thorpe Consulting Services 2015). 

6.2.2.2 Lower Trophic Communities 

Phytoplankton 

Phytoplankton are single or colonial photosynthetic algae. Between 1995 and 1997, the 
phytoplankton community in Lac de Gras was dominated by golden-brown algae (i.e., 
Chrysophyceae), particularly individuals of the genus Chromulina sp which accounted for ~60% 
of the total individuals present in the phytoplankton community (DDMI 1998a). Green algae (i.e., 
Chlorophyceae) were the next most abundant taxa, particularly individuals of the genera 
Ankistrodesmus, Spondylosium, and Monoraphium. Cyanobacteria, particularly the blue-green 
algae Anabaena and Oscillatoria, were also present. All of these taxa are typical of oligotrophic 
lakes in the Canadian arctic. 

In contrast to the phytoplankton community structure in the mid-1990s, microflagellates currently 
dominate by number and by weight of biomass (Figure 6-2; Golder 2018a). Non-motile diatom 
taxa and green algae taxa (Chlorophyta) are next most abundant. Although these data would 
suggest a significant change in the phytoplankton community of Lac de Gras, some of the 
differences are likely due to exclusion of smaller taxa such as microflagellates, dinoflagellates, 
and diatoms from the lab analysis between 1995 and 1997 and the change in taxonomists used 
between earlier and more recent sampling. Samples in 2018 show similar community composition 
to samples collected between 2007 and 2010 at far-field reference sites (Figure 6-2) but with 
lower representation by chlorophyta and cyanobacteria taxa. This may again be an artifact of 
using different taxonomists between years (Golder 2018a). 

Chlorophyll a concentration, a measure of total algal biomass and lake productivity, was <0.5 µg/L 
in summer and fall of 1997 (DDMI 1998a). This is typical of oligotrophic, arctic lakes. Chlorophyll 
a concentrations in Lac de Gras in 2018 exceeded 1.0 µg/L at near-field sites and at two of the 
three mid-field sites sampled (Golder 2018a). This exceeds the upper limit of the normal range in 
the lake and is due to nutrient enrichment from the Diavik mine effluent (Golder 2018a). 



 

Document #: ENVI-968-0519 R0  This is not a controlled document when printed 
Template #: DCON-036-1010 R5 

Page 97 of 192 

 

Figure 6-2: Mean relative phytoplankton abundance and biomass in Lac de Gras, 2018 
(Source: Golder 2018a) 

 

Zooplankton 

Zooplankton are free-swimming, microscopic organisms that feed on phytoplankton and other 
zooplankton. Between 1995 and 1997, 24 different zooplankton species were identified in Lac de 
Gras. Rotifers were the dominant taxa, comprising between 40% and 80% of the individuals 
collected in samples. The most abundant rotifer species were Conochilus unicornis, Keratella 
cochlearis, Kellicotia longispina, and Polyarthra sp. Free-swimming crustaceans (Copepoda and 
Cladocera) were next most abundant comprising up to 35% and 48% of zooplankton samples 
collected. Dominant cladoceran species included Bosmina coregoni, Holopedium gibberum, and 
Daphnia longiremis. Dominant copepod species included Diaptomus sp. and Cyclops scutifer. 
Similar to the phytoplankton community, the zooplankton community of Lac de Gras in 1995 to 
1997 was similar to that found in other oligotrophic lakes in the Canadian arctic. 
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Recent monitoring has shown that the zooplankton community of Lac de Gras is dominated by 
rotifer taxa by numbers but by cladoceran and copepod taxa (i.e., calanoida and cyclopoida) by 
biomass. This is similar to earlier results between 1995 and 1997. However, these recent data 
show a shift in the zooplankton community to one more dominated by cladoceran taxa compared 
to far-field sites which had greater representation by calanoid copepods, by abundance and 
biomass. 

 

Figure 6-3: Mean relative zooplankton abundance and biomass in Lac de Gras, 2018 (Source: 
Golder 2018a) 
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Benthic Invertebrates 

Benthic invertebrates are bottom-dwelling organisms that include worms, insect larvae, 
crustaceans, and nematodes. Between 1995 and 1997, the benthic invertebrate community in the 
deeper, offshore profundal zone of Lac de Gras was dominated by chironomid larvae (i.e., blood 
worms or midge larvae) and nematode worms (DDMI 1998a). These two taxa comprised >70% 
of the total benthic invertebrate community in this zone of the lake. Other, less abundant taxa 
included oligochaete worms, fingernail clams (Family Pisidiidae; Mollusca), seed shrimps 
(Ostracoda) and aquatic mites (Hydracarina). The benthic invertebrate community in the 
profundal zone is generally low density and comprised of few taxa. 

Within the nearshore, littoral zone of Lac de Gras, the benthic invertebrate community was highly 
variable in space and time in terms of taxa richness and community composition between 1995 
and 1997. In addition to the chironomids, oligochaetes, nematodes, and other taxa found in the 
profundal zone, larva of mayflies (Ephemeroptera), stoneflies (Plecoptera), caddisflies 
(Tricoptera) and aquatic beetles (Coleoptera) were present in the littoral of the lake (DDMI 1998a).  

6.2.2.3 Fish Community 

Populations of seven fish species are known to reside in Lac de Gras. In order of relative 
abundance captured by gillnetting in the summer of 1996, these fish species are: lake trout 
(Salvelinus namaychus), lake cisco (Coregonus artedii), round whitefish (Prosopium 
cylindraceum), longnose sucker (Catostomus catostomus), Arctic grayling (Thymallus arcticus), 
burbot (Lota lota), and slimy sculpin (Cottus cognatus) (Table 6-3). Representation of Arctic 
grayling, burbot, and slimy sculpin in the gillnet catch was likely lower than their actual abundance 
in the lake due to bias introduced by excluding areas near tributaries, where Arctic grayling are 
likely to be more abundant, and the general inefficiency of gillnets for capturing burbot and slimy 
sculpin (DDMI 1998a). Besides the fish species listed above, lake chub (Couesius plumbeus) was 
the only other fish species captured in the small lakes located on East Island in the vicinity of the 
Diavik Project during the 1996 survey. 

Table 6-3: Number and relative abundance of fish captured in Lac de Gras in summer, 1996 

Species 

Total number captured 

Lake trout Cisco 
Round 

whitefish 
Longnose 

sucker 
Arctic 

grayling Burbot 
Slimy 

sculpin 

Adults 53 26 21 8 1 0 1 

Juveniles 44 65 5 1 0 1 0 

Unknown 17 18 0 0 0 0 0 

Total 114 109 26 9 1 1 1 

% of total 
captured 

44% 42% 10% 3% <1% <1% <1% 
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More recent sampling in Lac du Sauvage, immediately upstream of Lac de Gras, identified three 
fish species in addition to those captured in 1996: northern pike (Esox lucius), lake whitefish 
(Coregonus clupeaformis), and ninespine stickleback (Pungitius pungitius) (Golder 2014a). 
Northern pike and ninespine stickleback represented <1% of the total catch. Similar to sampling 
conducted in Lac de Gras in 1996, lake trout were the most abundant species captured in Lac du 
Sauvage, representing 63% of the total catch. Lake whitefish (18%) and round whitefish (11%) 
were the next most abundant fish. No other fish species comprised more than 4% of the total fish 
captured in Lac du Sauvage (Golder 2014a).  

None of the fish species in Lac de Gras are listed as at risk or of special concern under the federal 
Species at Risk Act. 

Lake trout and northern pike are the top predatory fish species in Lac de Gras and Lac du 
Sauvage, feeding primarily on cisco and whitefish. Burbot are also piscivorous but will 
opportunistically feed on fish eggs and invertebrates. Cisco are pelagic feeders foraging primarily 
on free-swimming phytoplankton and zooplankton in the water column. Conversely, lake 
whitefish, round whitefish, longnose sucker, and slimy sculpin are bottom-feeders foraging 
primarily on benthic invertebrates found in the lake substrates. Arctic grayling are generally 
insectivores, foraging on pelagic invertebrates in the water column, benthic invertebrates on the 
bottom, and hatching and terrestrial insects at the surface. Arctic grayling may also 
opportunistically feed on juvenile fish and fish eggs. 

The fish community of Lac de Gras has not been impacted by commercial, recreational, or 
Aboriginal fisheries. Therefore, populations in the lake, particularly lake trout, are represented by 
slow-growing, late maturing individuals typical of an ultra-oligotrophic, Arctic lake with limited 
nutrients and growing season (DDMI 1998a). 

6.2.2.4 Fish Tissue Metal Burdens 

Average tissue concentrations of select metals in Arctic grayling, round whitefish, cisco, and lake 
trout captured in Lac de Gras in 1997 are presented in Table 6-4. The federal guideline for total 
methylmercury (the toxic form of mercury that bioaccumulates in aquatic biota) in fish tissue for 
the protection of wildlife that eat fish is 0.033 µg/g (wet weight) (CCME 2000). Conservatively 
assuming that methylmercury comprises 100% of the total mercury in fish muscle, average 
mercury concentrations in all four large-bodied fish species sampled in Lac de Gras in 1997 
exceeded the federal methylmercury guideline prior to development of the Diavik Project. There 
are no other federal tissue guidelines for the protection of wildlife that eat fish for any other metal 
or metalloid. 

Mercury concentrations in tissue samples (n=10) collected from lake trout in Lac de Gras in 2018 
for a Traditional Knowledge palatability study were higher (0.227 µg/g ±0.034 µg/g) than those 
reported in 1997 (Golder 2019). This may be indicative of an increasing trend in mercury 
accumulation in lake trout in the lake since the Diavik Project was constructed and operating. 
However, results of the TK palatability study are not suitable as an early warning trigger for 
conducting a larger mercury in lake trout program as the sampling protocols, sample sizes, fishing 
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locations, and size of fish were not consistent between years because these are not items that 
participants identified as concerning (Golder 2019). 

Table 6-4: Mean muscle tissue metal concentrations in large-bodied fish from Lac de Gras, 
1997 

Species 

Mean tissue concentrations (µg/g wet weight) 

Mercury1 Cadmium1,2 Arsenic1,2 Copper1 

Arctic grayling 0.078 0.010 0.579 0.368 

Round whitefish 0.045 0.010 0.050 0.481 

Cisco 0.071 0.010 0.050 0.614 

Lake trout 0.182 0.010 0.050 0.420 

NOTE:  
1  method detection limits (MDL) for mercury (0.020 µg/g), cadmium (0.020 µg/g), arsenic (0.100 µg/g), and copper 

0.020 µg/g); 2 estimated values as some or all measured values were below the MDL 

Average tissue metal concentrations of select parameters in slimy sculpin tissue from Lac de Gras 
in 2016 are presented in Table 6-5. Conservatively assuming that methylmercury comprises 
100% of the total mercury in the tissue samples collected, average mercury concentrations in 
slimy sculpin species collected in Lac de Gras in 2016 were below the federal methylmercury 
guideline of 0.033 µg/g (wet weight). Weight-adjusted mercury concentrations in slimy sculpin 
were not significantly different between near-field (i.e., closest to the mine), mid-field, and far-field 
(i.e., furthest from the mine) areas in Lac de Gras in 2016 and were similar to those observed in 
2013 (Golder 2017). For this reason, mercury concentrations in slimy sculpin in Lac de Gras are 
not considered to be of concern (Golder 2017). 

Table 6-5: Mean muscle tissue metal concentrations in slimy sculpin from Lac de Gras, 2016 

Sample site Sample size 

Mean tissue concentrations (µg/g wet weight) 

Mercury Cadmium Arsenic Copper 

NF 8 0.012 ±0.002 0.0005 ±0.0004 0.033 ± 0.002 0.44 ±0.02 

FF2 8 0.013 ±0.002 0.0006 ±0.0005 0.060 ±0.004 0.42 ±0.01 

MF3 8 0.018 ±0.002 0.0110 ±0.0013 0.039 ±0.003 0.45 ±0.02 

FF1 8 0.012 ±0.013 0.0100 ±0.0012 0.039 ±0.003 0.42 ±0.01 

FFA 8 0.020 ± 0.003 0.0150 ±0.0018 0.042 ±0.003 0.43 ±0.01 

NOTE:  
average concentrations reported with standard error 
SOURCE: Golder 2017 

Concentrations of molybdenum, strontium, and uranium were significantly higher in slimy sculpin 
captured in near-field sites than in slimy sculpin captured in far-field sites in Lac de Gras in 2016 
(Golder 2017). However, only uranium concentrations in the slimy sculpin tissues exceeded the 
“normal range” for Lac de Gras (Figure 6-4). 
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NOTE:  Blue areas represent the “normal range” based on fish captured in far-field sites 

Figure 6-4: Boxplots of select metals and nutrients in slimy sculpin tissue in Lac de Gras, 2016 (Source: Golder 2017).  
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Like mercury, selenium has the potential to bioaccumulate in individual fish and biomagnify in the 
highest trophic levels (i.e., fish) in the aquatic food web of Lac de Gras. Selenium concentrations 
did not show a significant relationship with slimy sculpin body size and selenium concentrations 
in slimy sculpin in near-field and mid-field sites were significantly lower than at far-field sites 
(Golder 2017). For this reason, selenium concentrations in slimy sculpin are not considered to be 
of concern (Golder 2017). 

6.3 PROJECT INTERACTIONS WITH FISH AND FISH HABITAT 

The physical activities that may interact with fish and fish habitat during each phase of the PKMW 
Project are identified in Table 6-6. There are no potential interactions between the project and 
fish and fish habitat during the construction phase because the slurry pipeline will be built within 
the existing mine footprint and not cross any new streams, wetlands, or ponds. Similarly, there 
are no potential interactions between the project and fish and fish habitat during the operations 
phases because there is no connection to Lac de Gras. Therefore, the only potential interactions 
between the PKMW Project and fish and fish habitat carried forward into the effects assessment 
are: 

• Potential mortality of fish, or the plankton and benthic invertebrates upon which fish depend 
for food, due to a change in water quality once the dikes are breached and the pit lakes are 
connected to Lac de Gras during the closure and post-closure phases 

• Potential mortality of fish or fish eggs due to a change in littoral habitat area in Lac de Gras 
or wetted area in the Coppermine River during the closure phase due to water withdrawals 
from the lake to fill the mine workings 

• Potential change in fish habitat due to changes to the suitability of the pelagic zone in the pit 
lake(s) for fish due to decreased dissolved oxygen concentrations or decreased volume of 
the mixolimnion during the closure and post-closure phases 

• Potential change in fish habitat due to change in water levels in Lac de Gras and flows in the 
Coppermine River downstream of Lac de Gras due to pumping water into the mine workings 
during the closure phase. 

Table 6-6:  Potential PKMW Project Interactions with Fish and Fish Habitat 

Physical Activities 

Environmental Effects 

Change in fish 
mortality 

Change in fish 
habitat 

Construction 

Activity 1 - Construction of a slurry pipeline from processing plant to mine 
workings 

– – 

Operation 

Activity 1 - Deposition of fine PK and/or extra-fine PK to mine workings – – 

Activity 2 – Management (decanting) of PK porewater from mine workings – – 
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Table 6-6:  Potential PKMW Project Interactions with Fish and Fish Habitat 

Physical Activities 

Environmental Effects 

Change in fish 
mortality 

Change in fish 
habitat 

Closure 

Activity 1 - Infilling of mine workings with water from Lac de Gras   

Activity 2 - Natural stabilization of water in pit lakes; monitoring of water 
quality in pit lakes prior to reconnection to Lac de Gras 

– – 

Activity 3 - Breaching of dike(s) and mixing of pit lake water(s) with Lac de 
Gras 

  

Post-closure 

Activity 1 - Ongoing monitoring in the pit lakes and Lac de Gras during 
ongoing interaction between deposited PK and lake water 

  

NOTES: 
 = Potential interaction 
– = No interaction 

6.4 ASSESSMENT OF RESIDUAL ENVIRONMENTAL EFFECTS ON 
FISH AND FISH HABITAT 

The PKMW Project is not anticipated to result in adverse negative effects to fish and fish habitat 
in Lac de Gras. This is because there are mitigation measures available to minimize fish morality 
during the closure and post-closure phases, including measures to minimize potential changes in 
water quality in the pit lake(s) and Lac de Gras that may affect the growth, survival, and health of 
fish and their prey. Additionally, it is expected that the pit lake(s) will become useable habitat for 
fish once connected to Lac de Gras. 

6.4.1 Analytical Assessment Techniques 

Potential effects of the PKMW Project on fish and fish habitat were assessed qualitatively and 
quantitatively where possible. Qualitative assessments were conducted using a weight of 
evidence approach. This entailed using professional judgement based on an understanding of 
the potential effect and the likelihood of effectiveness of mitigation measures used under similar 
circumstances, supported by scientific literature and regulatory guidelines as available. 
Quantitative assessments were conducted whenever model predictions (e.g., water quality model 
output for various PK storage scenarios), guidelines (e.g., Canadian Water Quality Guidelines for 
the Protection of Aquatic Life), and geographic information system (GIS) calculations of potentially 
affected habitat areas and volumes where available. To support the assessment of potential 
effects on changes in pit lake water quality on fish and fish habitat, the output from a two-
dimensional, laterally-averaged hydrodynamic model (CE-QUAL-W2) developed by Golder 
Associates (methods in Golder 2018) was used.  
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6.4.2 Change in Fish Mortality 

6.4.2.1 Project Pathways 

The PKMW Project may result in the direct or indirect mortality of fish in two ways: 1) by exposing 
fish and other aquatic biota, such as plankton and benthic invertebrates, to elevated 
concentrations of water quality parameters (e.g., nitrite) resulting from the deposition of fine PK 
(FPK) in the bottom of the mine workings; and 2) by exposing fish and fish eggs in Lac de Gras 
and the Coppermine River to increased ice scour or dewatering during filling of the pits. Potential 
effects to fish and other aquatic biota due to changes in water quality could occur only during the 
closure and post-closure phases when the dikes of the pit lakes are breached allowing water and 
fish to move between the pit lakes and Lac de Gras. Potential effects to fish and fish eggs from 
increased ice scour or dewatering could only occur during the closure phase when the mine 
workings are being filled with water from Lac de Gras.  

There are no pathways that could change fish mortality during construction and operations 
because the mine workings will remain isolated from Lac de Gras during these phases. As 
previously mentioned, potential mortality of fish due to impingement on intake screens or 
entrainment in the pumps was previously assessed (DDMI 1998) and is not reassessed here. 

6.4.2.2 Mitigation 

Potential Effects of Water Quality on Fish and Other Aquatic Biota 

Potential acute or chronic effects to fish and other aquatic biota due to changes in water quality 
caused by the presence of PK in the pit lake(s) will be mitigated through the following measures 
intended to promote permanent stratification of the pit lake(s) (i.e., separating PK affected water 
at the bottom from non-PK affected water at the top): 

• Decant excess porewater from the mine workings to the Process Plant, PKC Facility and/or 
the North Inlet for future re-use in the Process Plant or treatment in the North Inlet Water 
Treatment Plant 

• Direct pumped water from Lac de Gras onto energy-dissipating features in the mine 
workings to reduce the turbulent mixing of freshwater and pore water and the suspension of 
FPK in the water column 

• Cover the PK and porewater in each mine working with the minimum freshwater cap depth 
needed to maintain water quality in the top 40 m of the water column in the pit lake(s)  

• Prevent fish from accessing the pit lake(s) while they are filling and while water quality is 
stabilizing 

• Breach the dikes to connect the mine workings to Lac de Gras only after monitoring shows 
that water in the top 40 m of the water column in the pit lake(s) is below the Aquatic 
Environmental Monitoring Program (AEMP) Effects Benchmarks (Golder 2017a) 
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Collectively, these mitigation measures are expected to promote stratification of mine workings 
into meromictic conditions resulting in separation of PK and porewater in the bottom of the mine 
workings from the overlying freshwater. This is expected to allow fish, plankton, and benthic 
invertebrate communities to develop in the pit lakes. The effectiveness of these mitigation 
measures is expected to be high because they prevent fish and other aquatic organisms from 
entering the pit lakes until water quality is shown not to be acutely or chronically toxic. 

Potential Effects of Ice Scour or Dewatering on Fish and Fish Eggs 

To mitigate potential effects of infilling the mine workings on fish and fish habitat, DDMI will work 
with DFO and Indigenous Groups to identify the maximum water withdrawal rates and the 
acceptable time periods needed to protect fish and littoral habitat in Lac de Gras and spawning, 
rearing, and overwintering habitat in the Coppermine River. These thresholds and time periods 
would then be incorporated into the ICRP and operationalized with an active monitoring and 
management plan. 

6.4.2.3 PKMW Project Residual Effects 

Potential Effects of Water Quality on Fish and other Aquatic Biota 

Residual effects to fish are assessed on the basis that DDMI does not proceed with reconnecting 
pit lakes to Lac de Gras under scenarios where AEMP benchmarks are expected to be exceeded 
(as discussed in section 4.4.1.3). 

A418 and A154  

Potential acute or chronic toxicological effects on fish and other aquatic biota during the initial 
period after pit lake(s) are filled with water will be avoided by preventing fish from entering the pit 
lakes until monitoring shows that the water quality parameters in the mixolimnion are below the 
AEMP benchmark concentrations. Only then will the dikes be breached to allow water and fish in 
Lac de Gras to enter the pit lakes. 

Potential long-term acute or chronic effects to fish or other aquatic biota are also not expected to 
occur due to deposition of PK into the A418 or A154 mine workings. This is because  it is expected 
that water in these pit lake(s) will become stratified such that there is no mixing of PK or porewater 
in the monimolimnion (i.e., the area of the pit lake below the chemocline that does not mix with 
overlying water) with freshwater in the mixolimnion over the long-term. The stability of this 
stratification is discussed in section 4.0 and is based on Technical Memorandum: Diavik Mine – 
Water Quality Modelling of A418, A154 and A21 Mined Out Pits (Golder, 2018). As a result, all 
water quality constituents in the upper 40 m of the water column in A418 and A154 pit lakes, the 
depth zone within which most, if not all fish and aquatic biota, are expected to reside, are predicted 
to be below AEMP benchmarks for all Project scenarios. These benchmarks have been 
developed to conservatively protect the most sensitive species and life stage in Lac de Gras 
(Golder 2014a) and, therefore, meeting these benchmarks is expected to minimize or eliminate 
the potential mortality of fish or other aquatic biota that colonize the pit lakes.  
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For these reasons, a “dead lake” is not expected to occur in either A418 or A154 pit lakes. Instead, 
benthic invertebrate communities are expected to become established on the upper benches of 
the pit lakes as sediment and detritus begin to accumulate and a plankton community is expected 
to colonize soon after the pit lakes are connected to Lac de Gras. Once these communities are 
established, fish are expected to colonize the pit lakes. Some species (e.g., slimy sculpin) are 
expected to be able to complete all of their life history requirements in the pit lakes once a food 
supply has been established. Other species (e.g., lake trout, round whitefish) are expected to be 
able only to rear or overwinter in the pit lakes as spawning habitat and foraging opportunities are 
expected to be much more limited than in Lac de Gras. 

A21  

Potential acute or chronic toxicological effects on fish and other biota in A21 pit lake are not 
expected to occur for either scenario 2a or 3a. This is because all water quality parameters in the 
upper 40 m of the water column are predicted to be below AEMP benchmarks once water quality 
stabilizes within one or two years after filling. While concentrations of nitrite, nitrate, and 
molybdenum may exceed AEMP benchmarks in scenario 3a below 40 m depth, fish are not 
expected to reside below 40 m; this is consistent with traditional knowledge which indicates that 
fish in Lac de Gras are typically found between 6 and 7 m depth for most of the year and between 
15 m and 20 m depth during hot summer conditions (Thorpe Consulting Services 2018). 

In scenario 4a, only maximum nitrite concentrations are predicted to exceed the AEMP 
benchmark in the upper 40 m of A21 pit lake. However, this exceedance is expected to have a 
negligible effect on fish and other biota in A21 pit lake because: 

• The predicted maximum nitrite concentrations (0.062 mg/L) is only slightly above the AEMP 
benchmark for nitrite of 0.060 mg/L; this is only a 3% exceedance 

• the predicted maximum nitrite concentrations is below the maximum nitrite concentration for 
the protection of freshwater aquatic life (0.12 mg/L) in waters with chloride concentrations 
between 2 mg/L and 4 mg/L (Nordin et al. 2009); Lac de Gras has an average chloride 
concentration of 3.0 mg/L (see Section 4.2). Chlorides have a positive effect on nitrite 
toxicity (i.e., higher chloride concentrations reduce nitrite toxicity) for all aquatic animals 
employing gills for breathing and ion exchange (Kroupova et al 2016) such as fish, 
crustaceans, and some insect larvae because chloride competes with nitrite for uptake 
through the chloride cells of the gills (Lewis and Morris, 2011). Therefore, the predicted 
nitrite concentration in the upper 40 m of A21 pit lake would not exceed this chloride-
adjusted benchmark 

• elevated nitrite concentrations would be expected to be short in duration because nitrite 
would rapidly oxidize to less toxic nitrate in the oxygenated upper 40 m of A21 pit lake. 
Numerical modeling of nitrite oxidation to nitrate in Snap Lake, a sub-Arctic lake with similar 
water chemistry to Lac de Gras, predicted that nitrite had a half-life of less than one month 
(Snow and Vandenberg 2015) 



 

Document #: ENVI-968-0519 R0  This is not a controlled document when printed 
Template #: DCON-036-1010 R5 

Page 108 of 192 

• Salmonids, such as Arctic grayling, round whitefish, lake whitefish, and lake trout, are the 
most sensitive species to the effects of nitrite and adult fish are more sensitive than 
juveniles (Lewis and Morris 2011) and fish are generally more sensitive to nitrite than 
plankton or benthic invertebrates (Kroupova et al 2016). Therefore, there is less potential for 
elevated nitrite to affect the organisms most likely to colonize and use the pit lake as habitat; 
the number of adult salmonids using the pit lake as habitat is expected to be small 
compared to the number of juveniles because of its more limited food base and habitat 
diversity than Lac de Gras. 

Even if nitrite concentrations exceed the AEMP benchmark, plankton, benthic invertebrates and 
fish in A21 pit lake are expected to colonize and reproduce in A21 pit lake; a “dead lake” is not 
expected to occur. The reasons for this expectation are described above and are similar to those 
described for A418 and A154. 

Understanding that individual people may have different experiences, no change in the taste of 
fish in Lac de Gras is expected to occur because of potential changes in water quality in the pit 
lakes. This is based on the same reasons described above. Similarly, no change in the health of 
people who eat fish from Lac de Gras is expected to occur due to the PKMN Project. This is 
because the concentrations of the parameters that are known to bioaccumulate in fish tissue (i.e., 
mercury and selenium) are not expected to increase. 

Potential Effects of Ice Scour or Dewatering on Fish and Fish Eggs 

Although the filling rates and time periods have yet to be determined, any potential residual effect 
to fish or fish eggs in Lac de Gras or the Coppermine River due to filling of the mine workings with 
water is expected to be low to negligible. This is because it is assumed that the maximum water 
withdrawal rates and time periods that are agreed to by DDMI, DFO and Indigenous Groups will 
protect the majority of littoral habitat in the lake, habitat used by various fish species for spawning, 
rearing, and egg incubation at various times of the year. Therefore, although potential mortality of 
fish and fish eggs cannot be completely eliminated, it is assumed that the number of fish or fish 
eggs killed will not have a measurable effect on any fish populations using the littoral areas of the 
lake or the margins of the river for part or all of their life histories.  

6.4.3 Change in Fish Habitat  

6.4.3.1 Project Pathways 

The PKMW Project may result in a change to fish habitat by: 

• Changing the suitability of the pit lake(s) for fish by decreasing dissolved oxygen 
concentrations or the volume of the mixolimnion during the closure and post-closure phases 

• Lowering the water level of Lac de Gras during infilling of mine workings 
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• Reducing the discharge in the Coppermine River downstream of Lac de Gras during infilling 
of mine workings 

• Reducing the total habitat available to fish in Lac de Gras if the pit lake(s) are never 
connected to the lake 

There are no pathways that would affect fish habitat during construction and operations because 
the pit lake(s) remain isolated from Lac de Gras during these phases. 

6.4.3.2 Mitigation 

Potential Change in Pelagic Zone Habitat Suitability 

Mitigation measures to reduce the likelihood that the pelagic zone of pit lake(s) becomes anoxic 
or the volume of the mixolimnion suitable for pelagic fish diminishes in size are the same as those 
proposed to minimize potential mortality of fish due to changes in water quality in the pit lake(s). 
For brevity, these mitigation measures are not repeated here. 

Potential Change in Littoral Habitat in Lac de Gras and Habitat in Coppermine 
River 

Filling of the mine workings with water from Lac de Gras will be consistent with the ICRP (Version 
4.0). This will require less water than would be necessary if the workings were not backfilled with 
PK. Therefore, PK deposition will have effects on the volume and outflow of Lac de Gras of lesser 
duration than those associated with the current ICRP. These current ICRP rates durations and 
timing are described in Section 2.4.3.  

To mitigate potential effects of infilling the mine workings on fish and fish habitat, DDMI will work 
with DFO and Indigenous Groups to finalize the maximum water withdrawal rates and the 
acceptable time periods needed to protect fish and littoral habitat in Lac de Gras and spawning, 
rearing, and overwintering habitat in the Coppermine River. These thresholds and time periods 
would be approved through the ICRP process and operationalized with an active monitoring and 
management plan. 

Potential Change in Total Habitat Area for Fish 

The mitigation measure for the scenario where pit lake(s) are not reconnected to Lac de Gras at 
closure would be additional offsetting elsewhere in Lac de Gras or the larger region. The original 
“no-net-loss” plan for the Diavik Project (DDMI 1998a) included enhancement of the pit shelves 
to improve spawning habitat for slimy sculpin and rearing and foraging habitat for other fish 
species such as Arctic grayling, round whitefish, lake whitefish, cisco, burbot, longnose sucker, 
burbot, northern pike, and lake trout (Golder 2003, 2008a, and 2017a). It also included the pelagic 
habitat in the pit lakes that would be made available to pelagic feeding fish species, such as round 
whitefish and lake trout, once the dikes were breached. Exclusion of fish from pit lake(s) would 
eliminate the availability of this spawning, rearing, and pelagic habitat to fish and would preclude 
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the need for enhancement of the pit lake shelves. This would result in an overall net loss of habitat 
for fish populations in Lac de Gras. 

Additional habitat creation, enhancement, or restoration works will be initiated and developed by 
DDMI to compensate for habitat losses created by this scenario. To do this, DDMI would need to 
work with Indigenous Groups and DFO to identify a suite of options that: 

• Meet community fisheries objectives 
• Are biologically relevant given the factors currently limiting fish production in Lac de Gras 
• Are technically feasible from a construction and maintenance perspective 
• Are consistent with traditional knowledge 
• Are consistent with territorial fisheries management objectives 
• Are consistent with DFO’s Fisheries Protection Policy Statement (DFO 2013a). 

6.4.3.3 Project Residual Effect 

Potential Change in Pelagic Zone Habitat Suitability 

The likelihood that the pelagic zone of the pit lakes used by fish will become anoxic after the pit 
lakes are connected to Lac de Gras is low. This is because covering the PK and porewater with 
at least a 46 m freshwater cap is predicted to result in stratified pit lakes. Therefore, although 
dissolved oxygen concentrations near the PK/porewater interface are expected to become 
depleted over time (due to oxygen demand in the PK or biological oxygen demand from bacterial 
decomposition of accumulated organic detritus), this oxygen depleted water is not expected to 
mix with water in the shallower depths of the pit lakes where fish are expected to reside. Instead, 
fish are expected to remain in the upper 40 m of the pit lakes; this is consistent with traditional 
knowledge which indicates that fish in Lac de Gras are typically found between 6 and 7 m depth 
for most of the year and between 15 m and 20 m depth during hot summer conditions (Thorpe 
Consulting Services 2018). Therefore, fish are expected to be most commonly found in water at 
least 20 m shallower than the depth at which dissolved oxygen concentrations are expected to 
begin to decline. 

Dissolved oxygen concentrations in the upper 40 m of the pit lakes are expected to be above the 
Canadian Water Quality Guidelines (CCME 2019) for the protection of cold-water freshwater 
biota: 9.5 mg/L for early life stages (e.g., eggs and fry) and 6.5 mg/L for other life stages (e.g., 
juveniles and adults). This is because water in the upper 40 m of the water column will mix with 
oxygenated water from the surface of Lac de Gras during the open-water season and will also be 
oxygenated by wind generated currents in the upper most layer, albeit to a much smaller extent 
than what naturally occurs in the lake itself because of their much smaller fetch. Oxygen 
concentrations in the deeper portions of the mixolimnion in the pit lakes are also expected to be 
at least partially replenished during the spring and fall when water temperatures in the upper 40 
m of the water column become uniform, allowing wind generated currents to increase internal 
circulation. 
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Potential Change in Littoral Habitat in Lac de Gras 

Although the filling rates and time periods have yet to be finalized, the potential residual effect to 
littoral habitat in Lac de Gras due to filling of the mine workings with water is expected to be low 
to negligible. Similarly, the potential effect on the Narrows between Lac du Sauvage and Lac de 
Gras is expected to be low to negligible. This is because it is assumed that the maximum water 
withdrawal rates and time periods that are agreed to by DDMI, DFO and Indigenous Groups will 
protect the majority of littoral habitat in the lake, habitat used by various fish species for spawning, 
rearing, and egg incubation at various times of the year as well as habitat between in the Narrows. 

Potential Change in Habitat in the Coppermine River 

Potential change in the availability or suitability of habitat in the Coppermine River downstream of 
Lac de Gras is expected to be low to negligible for the same reasons explained above. 

Potential Change in Total Habitat Area for Fish 

Any exclusion of fish from the pit lakes at closure would be expected to have a negligible effect 
on the production of fish populations in Lac de Gras. This is based on: 

• The total habitat area that would be permanently lost (244 ha) represents <1% of the pre-
mine area of Lac de Gras (56,654 ha) 

• The total area of spawning, nursery, rearing, and foraging habitat in Lac de Gras would not 
decrease by more than 1% for large-bodied fish species (e.g., round whitefish) that are part 
of, or that support, commercial, recreational, or Aboriginal fisheries; this includes rearing 
habitat for lake trout, the habitat type identified as the limiting habitat type for this species in 
Lac de Gras (DDMI 1998a) 

• Extremely low nutrient concentrations (i.e., phosphorus, nitrogen, and organic carbon) in the 
water, and not physical habitat, limit fish production in Lac de Gras. Therefore, the 
permanent loss of habitat from Lac de Gras due to not reconnecting the pit lakes is 
expected to have a negligible effect on the growth and survival of individual fish or on the 
annual recruitment of fish into the populations 

• DDMI would work with Indigenous groups and DFO to replace the habitat in the mine 
workings that would have been part of the original “no-net-loss” plan, approved by DFO in 
1999, to counterbalance the permanent and temporal habitat losses created by construction 
of the dike and pits.  

Although the number and type of habitat enhancement projects have not been identified to date, 
DDMI understands that new habitat creation, enhancement, or restoration project(s) would be 
necessary under this scenario and would be required to identify and develop those projects that 
satisfy Indigenous groups while also meeting the objectives of the previous “Policy for the 
Management of Fish Habitat in Canada” (DFO 1986) under which the original “no-net-loss” plan 
was developed or the objectives of the current “Fisheries Protection Policy Statement” (DFO 
2013). For this reason, and the reasons listed above, no residual effect to fish or fish habitat in 
Lac de Gras is predicted occur. 
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6.4.4 Summary of Project Residual Environmental Effects 

Potential residual effects on fish and fish habitat during closure and post-closure phases are 
summarized in Table 6-7.  

Table 6-7: Project Residual Effects on Fish and Fish Habitat 

Residual Effect 

Residual Effects Characterization 

Project  
Phase 

D
irection 

M
agnitude 

G
eographic 
Extent 

D
uration 

Frequency 

R
eversibility 

Ecological 
C

ontext 

Change in fish 
mortality due to 
change in water 
quality  

Post-closure Negative Negligible LAA Long-term Single 
event 

Reversible High 

Change in fish 
mortality due to ice 
scour or dewatering 

Closure Negative Negligible 
to Low 

RAA Short-term Single 
event 

Reversible High 

Change in fish habitat 
due to not connecting 
the pit lakes to Lac 
de Gras 

Post-closure Negative Negligible RAA Long-term Continuous Reversible Low 

Change in fish habitat 
in Lac de Gras due to 
infilling of the mine 
workings 

Closure Negative Negligible 
to Low  

RAA Short-term Single 
event 

Reversible High 

Change in fish habitat 
in the Coppermine 
River due to filling of 
the mine workings 

Closure Negative Negligible 
to Low 

RAA Short-term Single 
event 

Reversible High 

KEY 
See Table 6-2 for detailed definitions 

Project Phase 
C: Construction 
O: Operation 
DC: Closure 
DP: Post-Closure 

Direction:  
P: Positive 
A: Adverse 
N: Neutral 

Magnitude:  
N: Negligible 
L: Low 
M: Moderate 
H: High 

 
Geographic Extent:  
LAA: Local Assessment Area  
RAA: Regional Assessment Area 

Duration:  
ST: Short-term;  
MT: Medium-term 
LT: Long-term 
 
N/A: Not applicable 

 
Frequency:  
S: Single event 
IR: Irregular event 
R: Regular event 
C: Continuous  

Reversibility:  
R: Reversible 
I: Irreversible  
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6.4.4.1 Potential Effects During Closure 

Potential change in water quality in the A418 and A154 pit lakes for all scenarios and in A21 pit 
for scenarios 2a and 3a are expected to have no effect (i.e., no measurable change) on fish and 
other aquatic biota in any pit lake or in Lac de Gras. This is because no water quality parameter 
is expected to exceed AEMP benchmarks in the upper 40 m of the water column where fish and 
aquatic biota are expected to reside. Potential change in water quality in A21 pit lake for scenario 
4a is expected to have a low magnitude effect that extends to the LAA. The ecological context for 
this assessment is high because of the importance of water quality to the growth and survival of 
fish and the organisms upon which fish depend for food, particularly in the north where most water 
quality parameters are present in low concentrations and fish are slow-growing and long-lived.  

Potential mortality of fish and fish eggs in the littoral area of Lac de Gras and in the Coppermine 
River due to infilling of the mine workings during closure is expected to have, at most, a low 
magnitude effects that extends to the RAA. This is because it is assumed that the rate of pit 
infilling agreed to by DDMI, DFO, and Indigenous Groups will protect sufficient habitat throughout 
the year such that too few mortalities will occur to have a measurable effect on any fish population 
in the lake or river. The ecological context for this assessment is high because of the potentially 
affected littoral habitat for rearing fish and fish eggs and because of the high likelihood that the 
Coppermine River provides spawning, rearing, and overwintering habitat for numerous 
populations of fish, including fish populations from Lac de Gras. 

For similar reasons, potential changes in water levels in Lac de Gras and flows in the Coppermine 
River due to infilling the mine workings during closure are expected to have a low magnitude 
effect on fish habitat that extends into the entirety of Lac de Gras, for a short-term duration. The 
ecological context for the potential effects to littoral habitat in Lac de Gras is high because of the 
relative scarcity of shallow, rearing habitats for juvenile fish. The ecological context for the 
potential effects to the Coppermine River is high because of the potential for fish in Lac de Gras, 
particularly Arctic grayling, to use spawning habitat in the river. 

6.4.4.2 Potential Effects During Post-closure 

Residual effects to fish post-closure are assessed on the basis that DDMI does not proceed with 
connecting pit lakes to Lac de Gras until AEMP benchmarks are met. (as discussed in 
Section 4.4.1.3) 

During post-closure, a negligible magnitude effect to fish and other aquatic biota that does not 
extend into the RAA, and is of long-term duration is predicted due to potential changes in water 
quality in the pit lakes. This is because water quality parameter concentrations in the fish-bearing 
upper layer of the pit lakes are predicted to be below aquatic effects benchmarks for the 100 year 
period modelled. 

If, in the unlikely scenario, the pit lakes were not connected to Lac de Gras post-closure, the 
potential residual effect to fish populations in Lac de Gras is predicted to be negligible magnitude, 
extending into the RAA, and long-term duration. This is because the potential loss of habitat in 
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Lac de Gras would be small (<1% change) and any loss of habitat would be offset by DDMI’s 
commitment to develop different habitat creation, enhancement, or restoration projects in the Lac 
de Gras watershed as agreed to by Indigenous groups and DFO. The ecological context for this 
potential effect is low because of the small relative size of the pit lakes in comparison to Lac de 
Gras and because nutrient concentrations, and not physical habitat, limit fish production in the 
lake. 

6.4.5 Accidents and Malfunctions 

Two accident and malfunction scenarios are assessed: 

• An uncontrolled rock release resulting from geotechnical instability in a pit wall, once filled 
with PK and water 

• An uncontrolled release of PK from a PK slurry pipeline 

Further description of an uncontrolled rock release within a pit lake once filled with PK and water 
was previously described in Technical Memorandum: Diavik Mine – Water Quality Modelling of 
A418, A154 and A21 Mined Out Pits (Golder 2018). An uncontrolled rock release could result in 
mixing of waters and disruption of meromictic conditions.  

An uncontrolled release of PK from a PK slurry pipeline could occur as a result of a rupture of the 
pipeline during routing operations, including failure of a pipeline connection or an impact from a 
vehicle. 

Potential effects to fish and fish habitat from these scenarios are assessed below. 

6.4.5.1 Potential Effects due to Rupture of PK Slurry Pipeline 

Filling of A418, A154, and A21 with PK would require construction and operation of three separate 
pipelines extending from the Process Plant to the mine workings. These pipelines would all be 
built within the existing Diavik Mine footprint including rights-of-way built for existing roads, 
pipelines, and transmission lines. 

No potential effect to fish and fish habitat in Lac de Gras or any small lake or stream on East 
Island would occur under this scenario because all three pipelines would be constructed within 
the existing Drainage Control and Collection System (DCCS). Additionally, DDMI will operate and 
maintain the proposed pipelines in accordance with all applicable industry standards, regulatory 
conditions, and company standards, including regular pipeline maintenance, integrity, and 
pressure monitoring. DDMI also has an emergency response plan and measures for spill 
response are approved in Diavik Mine’s Spill Contingency Plan. The design of this infrastructure, 
combined with the application of the Spill Contingency Plan, would reduce the likelihood of a PK 
spill from entering any fish-bearing waters to near zero. 
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In the unlikely event that PK was able to reach Lac de Gras, measurable effects to fish are 
expected to be short in duration (i.e., less than six months) and limited to the localized site where 
the PK enters the water. This is because the PK is very fine and would be dispersed quickly as it 
is suspended in the water column by wave action along East Island and because, once dispersed 
in the lake, the potential acute or chronic toxicological effects of the PK on fish survival, growth, 
or health would be significantly reduced by the large dilution capacity of the lake. 

Toxicological testing of PKC Facility water, PK porewater, and PK leachate on the growth and 
survival of phytoplankton (Pseudokirchneriella subcapita), zooplankton (Daphnia pulex), 
amphipods (Hyallela azteca) and rainbow trout (Oncorhynchus mykiss) and exposure of the 
amphipod and a benthic invertebrate (Chironomus dilutus) to PK, the material that would be 
deposited in Lac de Gras in the event of a spill, resulted in mixed results (Liber and Doig 2016). 
In general however, results showed: 

• Inhibited growth in phytoplankton at only the highest concentrations of porewater but growth 
rates were not significantly different from controls 

• Porewater and leachate were not acutely toxic to zooplankton but did show a chronic 
toxicological effect on growth and survival at intermediate concentrations 

• Reduced survival and growth of chironomids and amphipods exposed to the highest 
concentrations of EFPK, likely due to ammonia and nitrite toxicity 

• No acute or chronic toxicity to rainbow trout 

These data indicate that any spilled PK reaching Lac de Gras would likely only effect lower trophic 
communities if, in the unlikely event, that the PK was not quickly dispersed and diluted or if the 
volume of PK entering the lake was sufficiently long for acute (i.e., <48 hours) or chronic (i.e., >21 
days) toxicity to develop before the PK could be cleaned up or naturally dispersed by the waves. 

Mortality of fish or fish eggs could occur depending on the species present at the site where the 
PK enters Lac de Gras and if the spill occurred during the fall or winter. Slimy sculpin have very 
small home ranges, conducting all of their life history requirements typically within an area <10 m 
(Gray et al., 2014). Therefore, unlike all other fish species in Lac de Gras, slimy sculpin would be 
unlikely to move out of the area of the spill and would be exposed to any direct effects (i.e., 
increased gill abrasion, decreased respiratory efficiency, decreased ability to find prey or detect 
predators, potential acute or chronic toxicity) and any indirect effects (e.g., decreased benthic 
invertebrate production) of the spilled PK. Mortality of slimy sculpin could occur as a result. 
Similarly, any slimy sculpin eggs (laid in spring) or round whitefish, lake whitefish, or lake trout 
eggs (laid in fall and incubating over winter) laid along the shoreline of East Island could be killed 
by any PK that was deposited over the eggs because of reduced gas exchange between the eggs 
and the water column. 

Even though individual sculpin or fish eggs could be killed, the effect on fish populations in Lac 
de Gras is expected to be negligible. This is because any acute effects of the spill would be highly 
localized and, therefore, would only affect a small portion of the slimy sculpin population in the 
lake and only a small portion of the fish eggs laid in Lac de Gras in any given year. Also, although 
there is high quality spawning habitat for round whitefish, lake whitefish, and lake trout (i.e., 
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cobble/boulder shorelines and shoals adjacent to deep water habitat) and eggs of these species 
may be affected by a spill should it occur in fall or winter, there is abundant spawning habitat in 
Lac de Gras for these species elsewhere that wouldn’t be directly affected. The number of eggs 
potentially killed would not be expected to have a measurable effect on the annual recruitment of 
these populations in Lac de Gras as a result. 

6.4.5.2 Potential Effects due to Destratification of the Pit Lakes 

In the unlikely event of a rock slope failure that causes destratification of a pit lake, the only water 
quality parameter predicted to exceed aquatic effects benchmarks is nitrite and only in two of the 
nine scenarios modeled: in A418 in scenario-3a and in A21 under scenario-4a (Golder 2019). 

The maximum nitrite concentrations in A418 and A21 in these scenarios are predicted to be 
0.076 mg/L and 0.062 mg/L, respectively. These concentrations are above the AEMP benchmark 
for nitrite of 0.060 mg/L but are below the maximum nitrite concentration for the protection of 
freshwater aquatic life (0.12 mg/L) in waters with chloride concentrations between 2 mg/L and 4 
mg/L (Nordin et al. 2009); Lac de Gras has an average chloride concentration of 3.0 mg/L (see 
Section 4.2). Therefore, when combined with the expectation that nitrite would be quickly oxidized 
to the less toxic nitrate form, no acute or chronic effects to fish or other aquatic biota would be 
expected to occur.  

Elevated nitrite concentrations would likely only have an effect on the survival of fish and other 
biota in A418 and A21 pit lakes if there was an extended period of calm conditions immediately 
after a destratification event. In this scenario, exchange of freshwater from Lac de Gras with the 
pit lakes and oxygenation of the pit lakes would be lower resulting in a potentially longer period of 
elevated nitrite. However, extended periods of calm winds and waves on Lac de Gras are rare 
and the pits are located on a relatively exposed side of East Island. Therefore, the likelihood of 
this occurring is very low. 

No significant effect to fish or other aquatic biota in Lac de Gras would be expected to occur due 
to elevated nitrite concentrations in pit lakes during a destratification event. This is because: 1) 
the predicted nitrite concentrations in the pit lakes are relatively close to the aquatic effects 
benchmark and below the maximum nitrite guideline for the protection of freshwater biota; 2) the 
volume of water in Lac de Gras is many orders of magnitude greater than the volume of water in 
the pit lakes and nitrite concentrations would be quickly diluted; and 3) the wind generated 
currents on Lac de Gras would be expected to quickly disperse water entering the lake from the 
pit lakes. Further confidence in this assessment is provided by the conservative assumptions 
used in the model (Golder 2019). 
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6.5 ASSESSMENT OF CUMULATIVE ENVIRONMENTAL EFFECTS 
ON FISH AND FISH HABITAT 

6.5.1 Project Residual Effects Likely to Interact Cumulatively 

Potential project-specific residual effects to fish and fish habitat could interact cumulatively with 
residual effects from other past, present, or reasonably foreseeable future projects on Lac de 
Gras or Lac du Sauvage if they overlap in time and/or space. These could include potential 
residual effects from the current Diavik operations, current Ekati operations (including Sable, Fox, 
Lynx, and Misery Operations) and future Ekati operations (i.e., Jay operations) (Table 6-8).  

Table 6-8: Interactions with the Potential to Contribute to Cumulative Effects 

Other Projects and Physical Activities with Potential for 
Cumulative Environmental Effects 

Environmental Effects 

Change in Lac de 
Gras water levels 

Change in 
Coppermine 

River discharge 
Past and Present Physical Activities and Resource Use 

Diavik Mine    

Ekati Mine Project (including Sable, Fox, Lynx, Jan and Misery 
Operations) 

  

Project-Related Physical Activities   

Future Physical Activities 

None – - 

NOTES: 
 = Other projects and physical activities whose residual effects are likely to interact cumulatively with PKMW 

Project residual environmental effects. 
– =  Interactions between the residual effects of other projects and residual effects of the PKMW Project are not 

expected. 

6.5.1.1 Change in Lac de Gras Water Quality 

Potential cumulative effects to fish and other aquatic biota are not expected to occur due to 
potential changes in Lac de Gras water quality for all scenarios involving A418 and A154 pits. 
This is because the potential for water quality in Lac de Gras to be altered in these scenarios is 
negligible; water quality in the upper 40 m of the pit lakes will meet AEMP benchmarks and any 
change in the pit lakes would be highly diluted in the lake. 

Potential cumulative effects to fish and other aquatic biota are not expected to occur due to 
potential changes in Lac de Gras water quality for scenarios 2a and 4a of A21. Again, this is 
because all water quality parameters in the upper 40 m of the pit lake will meet AEMP benchmarks 
and any change in the pit lake would be highly diluted in the lake. For A21 scenario 3a, no 
cumulative effects to fish and other aquatic biota would be expected to occur because none of 
the AEMP benchmark exceedances would occur in the upper 40 m of the water column. 
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Therefore, the potential for water quality in Lac de Gras to be altered is negligible and the potential 
effect to fish and other biota would be negligible. 

6.5.1.2 Change in Lac de Gras Water Levels and Coppermine River flows 

Misery and Lynx Operations of Ekati Mine are located adjacent to Lac de Gras while Jay 
Operations are located adjacent to Lac du Sauvage, upstream of Lac de Gras. Therefore, each 
of these projects has the potential to interact spatially with the PKMW Project and cause potential 
changes in water levels in Lac de Gras and flows in the Coppermine River. However, this could 
only occur if the mine workings at these projects were to be filled with water from Lac de Gras or 
Lac du Sauvage at the same time as the mine workings at Diavik.  

Cumulative effects to fish and fish habitat in Lac de Gras or the Coppermine River are not 
expected to occur during the pit infilling period because potential cumulative effects on water 
levels and flows from the Ekati Mine Operations would be considered by DDMI, DFO and 
Indigenous Groups when developing water withdrawal thresholds for the pit infilling period. To do 
so, the potential for temporal overlap between filling of the Diavik mine workings with the filling of 
the Ekati mine workings would be assessed and, if any overlap existed, filling rates would be 
adjusted so that littoral habitat in Lac de Gras and spawning, rearing, and overwintering habitat 
in the Coppermine River (and the fish and fish eggs that may be present in these habitats) are 
sufficiently protected to have a negligible effect on fish populations in the lake and river. 

6.5.2 Summary of Cumulative Effects 

A summary of residual cumulative effects is provided in Table 6-9. 

Table 6-9:  Residual Cumulative Effects  

Residual Cumulative 
Effect 

Residual Cumulative Effects Characterization 

D
irection 

M
agnitude 

G
eographic 
Extent 

D
uration 

Frequency 

R
eversibility 

Ecological 
C

ontext 

Residual Cumulative Effect to Fish and Fish Habitat due to Changes in Water Levels in Lac de Gras and 
Flows in the Coppermine River 

Residual cumulative effect  N N\ RAA MT S R High 

Contribution from the 
PKMW Project to the 
residual cumulative effect 

Negligible contribution from the PKMW Project because water withdrawal rates will 
be established in discussion with regulators to be protective of the aquatic 
environment  

Residual Cumulative Effect to Fish and Fish Habitat due to Changes in Lac de Gras Water Quality 

Residual cumulative effect  N N RAA MT S R High 

Contribution from the 
PKMW Project to the 
residual cumulative effect 

Negligible contribution for all scenarios for A418, A154 and A21 is negligible.  
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Table 6-9:  Residual Cumulative Effects  

KEY 
See Table 6-2 for detailed 
definitions 

Direction:  
P: Positive 
A: Adverse 
N: Neutral 

Magnitude:  
N: Negligible 
L: Low 
M: Moderate 
H: High 

 
Geographic Extent:  
PDA: Project Development Area 
LAA: Local Assessment Area  
RAA: Regional Assessment Area 

Duration:  
ST: Short-term;  
MT: Medium-term 
LT: Long-term 
 
N/A: Not applicable 

 
Frequency:  
S: Single event 
IR: Irregular event 
R: Regular event 
C: Continuous  

Reversibility:  
R: Reversible 
I: Irreversible  
 

6.6 DETERMINATION OF SIGNIFICANCE 

6.6.1 Significance of PKMW Project Residual Effects 

With the implementation of mitigation measures described above, the potential residual 
environmental effects on fish and fish habitat are predicted to be not significant. There are no 
potential residual effects that would be expected to cause a change in the abundance, survival, 
growth, or health of any fish population in Lac de Gras by more than 20% from pre-mine 
conditions. Similarly, with the implementation of mitigation measures proposed, there would be 
<1% change in fish habitat in Lac de Gras which would not result in a significant adverse effect 
to fish, and any change would be limited to the period when the mine workings are filled with water 
from Lac de Gras (i.e., the effects would be temporary).  

6.6.2 Significance of Cumulative Effects 

With the PKMW Project-specific mitigation measures described above, there is no potential for 
residual cumulative effects to fish and fish habitat due to potential changes in water quality or 
water levels in Lac de Gras or changes in flows in the Coppermine River downstream of Lac de 
Gras. 

6.7 PREDICTION CONFIDENCE 

Confidence in the assessment of potential project-effects to fish and other aquatic biota due to 
potential changes in water quality in the mine workings is high because of DDMI’s commitment to 
exclude fish from the pit lakes until the monitoring program shows that water quality in the pit 
lakes meets AEMP benchmarks. Confidence is also due to conservatism of the modeling (Golder 
2019). 
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Confidence in the assessment of potential project-specific and cumulative effects to fish and fish 
habitat due to changes in water levels in Lac de Gras and flows in the Coppermine River cannot 
be assessed until a quantitative assessment is conducted.  

Confidence in the assessment of potential effects to fish and other aquatic biota due to the 
accidental destratification of the pit lakes is based on the conservatism of the assumptions and 
sensitivity analyses used in the water quality modeling conducted by Golder and the unlikely 
occurrence of the pit lakes de-stratifying due to a rock failure. Destratification of the pit lakes due 
to wind-generated circulation was assessed through model sensitivity analysis and it was 
determined that this was highly unlikely in pit lakes with such small fetch and with protection from 
prevailing winds offered by the dikes (see section 4.4.1). 

Confidence in the assessment of potential cumulative effects is high because project-specific 
effects are likely to have a low magnitude effect at most and because, despite the potential spatial 
overlap with residual effects from the Ekati Mine, there is low potential for temporal overlap 
between these projects and the PKMW Project given the relatively short duration required to fill 
the mine workings (i.e., <2 years). 

6.8 FOLLOW-UP AND MONITORING 

In addition to continuation of the ongoing Aquatic Effects Monitoring Program (AEMP), DDMI will: 

• Monitor water quality in the pit lakes after the mine workings are filled to determine when 
and if water quality parameters meet aquatic effects benchmarks 

• Monitor water quality, particularly TSS and TDS, in Lac de Gras at near-field, mid-field, and 
far-field areas during the breaching of the mine workings dikes 

DDMI would also work with DFO and Indigenous Groups to identify any follow-up monitoring that 
may be necessary to adaptive manage water levels in Lac de Gras and flows in the Coppermine 
River during the pit infilling periods. 

6.9 SUMMARY OF COMMITMENTS 

As an outcome of this assessment of the PKMW Project and its potential effects to fish and fish 
habitat in Lac de Gras and the Coppermine River, DDMI will: 

• Select a deposition scenario that predicts water quality in the pit lake(s) meets AEMP 
benchmarks in the top 40m. 

• Exclude fish from the pit lake(s) until the monitoring program shows that water quality in the 
top 40 m of the pit lake(s) meets AEMP benchmarks. 

• Work with DFO and Indigenous Groups to finalize water withdrawal rates that will not 
significantly affect fish habitat in Lac de Gras or the Coppermine River.  
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7.0 ASSESSMENT OF POTENTIAL EFFECTS ON 
WILDLIFE AND WILDLIFE HABITAT 

Wildlife and Wildlife Habitat is a valued component (VC) because the Processed Kimberlite to 
Mine Workings (PKMW) Project has the potential to result in changes in water quality, which could 
result in changes in wildlife health (i.e., exposure to contaminants). The wildlife assessment is 
informed by predicted residual effects from the Water Quality, Water Quantity, Fish and Fish 
Habitat, and Cultural Land Use VCs.  

7.1 SCOPE OF ASSESSMENT 

The scope of the wildlife assessment is directed by the Scope of the Environmental Assessment 
and Reasons for Decision issued for the PKMW Project by the Mackenzie Valley Environmental 
Impact Review Board (MVEIRB 2019). In addition, the scope of the assessment considers project-
specific regulatory and public stakeholder inputs and concerns from potentially affected 
Indigenous groups. Based on the scoping document (MVEIRB 2019a), this assessment is 
focused on potential effects of the PKMW Project on barren-ground caribou (Rangifer tarandus 
groenlandicus), aquatic and migratory birds (e.g., waterfowl) as well as species at risk (e.g., 
peregrine falcon). The assessment is focused on the operations, closure, and post-closure 
phases and uses the same potential effects previously assessed in the 1998 Comprehensive 
Study (DDMI 1998) including change in habitat, behavioural response, blockage/deflection in 
movement and change in health/mortality risk (DDMI1998c). 

7.1.1 Species at Risk 

For the purposes of this assessment, wildlife species at risk that have the potential to occur in the 
regional assessment area (RAA) were considered in this assessment and include species that 
are: 

1. Listed federally as endangered, threatened, or special concern under Schedule 1 of the 
Species at Risk Act (SARA; Government of Canada 2019a) 

2. Listed federally as endangered, threatened, or special concern by the Committee on the 
Status of Endangered Wildlife in Canada (COSEWIC; Government of Canada 2019a) 

3. Listed as endangered, threatened or special concern under the Species at Risk (NWT) Act  
4. Ranked as at risk, may be at risk, or sensitive according to the Northwest Territories Status 

Rank (Government of Northwest Territories [GNWT] 2018a) 

There are seven wildlife species of conservation concern that have the potential to occur within 
the RAA (Table 7-1). Five of these species are also included on Schedule 1 of the SARA, and 
two are under consideration for listing under territorial species at risk legislation (Table 7-1).  
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Table 7-1: Wildlife Species of Conservation Concern that May Occur in the Regional 
Assessment Area 

Common Name Scientific Name COSEWIC Status1 SARA Status2 NWT Assessment3 

Caribou (Barren-
ground population) 

Rangifer tarandus 
groenlandicus 

Threatened No status Threatened 

Grizzly Bear Ursus arctos Special Concern Schedule 1 - 
Special Concern 

Special Concern 

Wolverine Gulo gulo Special Concern Schedule 1 - 
Special Concern 

Not at Risk 

Peregrine Falcon Falco peregrinus 
anatum/tundrius 

Not at Risk Schedule 1 - 
Special Concern 

No status 

Red-necked 
Phalarope 

Phalaropus lobatus Special Concern No status No status 

Rusty Blackbird Euphagus carolinus Special Concern Schedule 1 - 
Special Concern 

No status 

Short-eared Owl Asio flammeus Special Concern Schedule 1 - 
Special Concern 

No status 

NOTES: 
1  COSEWIC (Committee on the Status of Endangered Wildlife in Canada) Status—Endangered: facing imminent 

extirpation or extinction; Threatened: likely to become endangered if nothing is done to reverse the factors leading 
to its extirpation or extinction; Special concern: may become threatened or endangered because of a combination 
of biological characteristics and identified threats; Not at Risk: a species that has been evaluated and found to be 
not at risk of extinction given the current circumstances.  

2  SARA (Species at Risk Act) Status—Schedule 1 of the federal Species at Risk Act is the official list of wildlife 
species at risk in Canada. It includes species that are extirpated (extinct in Canada), endangered, threatened, and 
of special concern. Once a species is listed on Schedule 1, protection and recovery measures are developed and 
implemented. 

3  Species in the Northwest Territories currently listed, or under consideration for listing, under federal and territorial 
species at risk legislation, 2018 edition (GNWT 2018a) 

Based on range distributions and habitat suitability (the site is an active mine footprint) there is 
limited potential for the following species of conservation concern (including Schedule 1 species) 
to occur within the RAA; common nighthawk (Chordeiles minor), olive sided flycatcher (Contopus 
cooperi), Harris’s Sparrow (Zonotrichia querula), barn swallow (Hirundo rustica), bank swallow 
(Riparia riparia), horned grebe (Podiceps auratus), yellow rail (Coturnicops noveboracensis), 
gypsy cuckoo bumble bee (Bombus bohemicus), and transverse lady beetle (Coccinella 
transversoguttata). Therefore, potential effects on these species are not discussed further.  

Some of the species in Table 7-1 were assessed as part of the 1998 Comprehensive Study (DDMI 
1998c) and included in a list of focal species as part of the Wildlife Monitoring Program (DDMI 
2002) including peregrine falcon (Falco peregrinus anatum/tundrius), grizzly bear (Ursus arctos) 
and wolverine (Gulo gulo). Based on the results of the wildlife monitoring programs (e.g., analysis 
of grizzly bear habitat loss on East Island due to mining related activities, see Golder 2005, 2008b, 
2011, 2017d; DDMI 2009, 2012, 2013a) and existing mitigation measures (e.g., diligent waste 
management, strictly enforced speed limits, and immediate reporting of wildlife sightings on East 
Island); it is very unlikely that activities associated with the PKMW Project will add incremental 
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risk to grizzly bear and wolverine. As such, the residual effects on grizzly bear and wolverine are 
expected to be negligible relative to existing conditions and are not discussed further.  

There is potential for short-eared owl (Asio flammeus) and rusty blackbird (Euphagus carolinus) 
to occur within the RAA based on range distributions; however, the potential for activities 
associated with PKMW Project to affect these two species is considered very unlikely, based on 
existing conditions (the PDA is an active mine site) and mitigation measures currently in place to 
avoid and/or monitor active bird nests. As such, these two species are not discussed further.   

7.1.1.1 Barren-ground Caribou 

Barren-ground caribou (Rangifer tarandus groenlandicus) was selected as a key species of 
management concern to be assessed because of their ecological, social and economic 
importance to northern residents and Indigenous communities. Caribou (barren-ground 
population) are currently listed as threatened under the Species at Risk (NWT) Act (GNWT 2018a) 
and assessed as threatened by COSEWIC (2016). Caribou (barren-ground population) includes 
the Bathurst caribou herd that overlaps PKMW Project, and is currently not listed under Schedule 
1 of SARA. 

7.1.1.2 Peregrine Falcon 

There is potential for activities associated with the PKMW Project to affect peregrine falcon 
through contamination of prey species in aquatic ecosystems. The potential for project activities 
to affect rough-legged hawk and gyrfalcon is considered very unlikely based on existing conditions 
(the PDA is an active mine site), and a lack of a pathway for potential contaminants to adversely 
affect these two species. Therefore, potential effects on rough-legged hawk and gyrfalcon are not 
discussed further. 

Peregrine falcon, rough-legged hawk and gyrfalcon are also known to establish nests within open 
pit mine workings in the area (DDMI 2014). During infilling of the mine workings with water from 
Lac de Gras, there is potential to directly affect nesting habitat for raptors that are known to nest 
along pit walls or infrastructure (Golder 2011; Coulton et al. 2013; DDMI 2014). However, infilling 
of the mine workings with water was considered in the 1998 Comprehensive Study, where it was 
estimated that loss of lands with high to very high nest site potential was less than 1% within the 
LAA (DDMI 1998; CEAA 1999). Since the potential impact on raptors of infilling the mine workings 
with water during closure has already been assessed, potential project effects on raptor nesting 
habitat are not discussed further. 

7.1.1.3 Red-necked Phalarope 

There is potential for red-necked phalarope (Phalaropus lobatus) to occur within the RAA based 
on range distributions (COSEWIC 2014). Nesting habitats include mossy hummocks with grasses 
and sedges, emergent aquatic vegetation, and open freshwater, while avoiding areas of bare 
ground (i.e., mud) and dense shrub (Rubega et al. 2000; COSEWIC 2014).  
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Red-necked phalaropes pluck prey from the water, and emergent and shoreline vegetation, 
feeding primarily on larval flies and fly eggs, beetles, and spiders (COSEWIC 2014). There is 
potential for PKMW Project activities to affect red-necked phalarope through contamination of 
food sources in aquatic ecosystems.  

7.1.1.4 Aquatic and Migratory Birds (Waterfowl, Waterbirds) 

There is potential for PKMW Project activities to affect aquatic and migratory birds (e.g., 
waterfowl) through changes in water quality. The Wildlife Environmental Effects Report (DDMI 
1998c) predicted that habitat change and behavioural disturbance to waterfowl (e.g. white-fronted 
geese and northern pintail) from project activities would be restricted to the LAA and would not 
be expected to affect regional distributions. The Comprehensive Study Report (CEAA 1999) 
confirmed that potential residual effects on waterfowl, aquatic birds and shorebirds would not be 
expected to be measurable (negligible) on population parameters outside of the LAA, and that 
there would be no significant adverse effects, including cumulative effects. 

7.1.2 Regulatory and Policy Setting 

7.1.2.1 Territorial Requirements 

NWT Wildlife Act 

The NWT Wildlife Act is designed to protect wildlife in the Northwest Territories. Section 95 
requires that some projects develop a Wildlife Management and Monitoring Plan (WMMP) if there 
is potential to: (i) result in a significant disturbance to big game or other prescribed wildlife; (ii) 
substantially alter, damage or destroy habitat; (iii) pose a threat of serious harm to wildlife or 
habitat; or (iv) significantly contribute to cumulative impacts on a large number of big game or 
other 82 prescribed wildlife, or on habitat.  

In addition, under section 51 (1) no person shall, unless authorized by a licence or permit to do 
so, destroy, disturb or take (a) an egg of a bird; (b)the nest of a bird when the nest is occupied by 
a bird or its egg; or (c) the nest of a prescribed bird. 

Species at Risk (NWT) Act  

The Species at Risk (NWT) Act describes the processes to assess, list, protect and recover 
species at risk specifically in Northwest Territories. The Species at Risk (NWT) Act applies to any 
wild animal or plant species managed by the GNWT. It applies on both public and private lands, 
including private lands owned under a land claims agreement (GNWT 2017).  
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7.1.2.2 Federal Requirements 

Species at Risk Act 

The Government of Canada has implemented the SARA to protect wildlife species at risk in 
Canada; this applies to wildlife species listed on Schedule 1 of the SARA and their critical habitat 
(if applicable). SARA serves several purposes: to prevent the extirpation or extinction of wildlife 
species; to provide recovery strategies for species that are extirpated, endangered, and 
threatened because of human activity; and to manage species of special concern so they do not 
become threatened or endangered. 

Under SARA, it is prohibited to kill, harm, harass, capture or take individual species at risk (section 
32), or damage or destroy their residences (section 33). Critical habitat may be identified and 
designated as such for species at risk. Section 58 of SARA prohibits the destruction of critical 
habitat for all species at risk on federally regulated lands and on all lands if the species is aquatic 
or a migratory bird protected under the Migratory Bird Convention Act (MBCA).  

COSEWIC assesses and designates the status of species and recommends designation for legal 
protection under SARA. Species listed under COSEWIC only are not afforded legal protection 
under SARA. 

Migratory Birds Convention Act  

The purpose of the MBCA is to protect and conserve migratory bird populations and individuals 
and their nests within Canada. Section 6 of the Migratory Birds Regulations states that without a 
permit, the disturbance, destruction, or removal of a nest, egg, nest shelter, eider duck shelter, or 
duck box of a migratory bird, or possession of a migratory bird, carcass, skin, nest, or egg of a 
migratory bird are prohibited.  

7.1.2.3 Additional Guidance 

The draft Bathurst Caribou Range Plan (GNWT 2018b) and the Bathurst Caribou Range Plan, 
Supporting Report: Caribou Technical Information and Range Assessment (GNWT 2018c) were 
reviewed and considered for this assessment. The Diavik Mine occurs in the center of habitation 
as identified in the Range Plan as the core use area based on satellite collared caribou from 2015-
2017, coupled with traditional knowledge of important migratory, geographic, and habitat features 
(GNWT 2018b). The Range Plan includes an interim Cumulative Land Disturbance Framework, 
which has identified human-caused land disturbance thresholds for three tiers or risk categories 
to barren-caribou (high, moderate, low). The Diavik Mine occurs in Area 2, which has been 
assessed as having an estimated cumulative land disturbance status that is considered 
cautionary.  
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7.1.3 The Influence of Consultation and Engagement on the 
Assessment 

The following issues relevant to potential effects of the PKMW Project on wildlife and wildlife 
habitat were raised by participants in the Traditional Knowledge Panel Session #11 held May 10-
14, 2018 (Thorpe Consulting Services 2018), and Our Youth, Our Future: Monitoring Our Air, 
Water, Land and Fish (Thorpe Consulting Services 2019):  

• The decline and/or displacement of caribou herds that were once numerous near their 
communities 

• Concern about animals coming in contact with the PK  

Both of these potential effects are discussed as part of this assessment. 

7.1.4 Potential Effects, Pathways and Measurable Parameters 

Consistent with the 1998 Comprehensive Study (DDMI 1998b), the potential direct and indirect 
effects of the PKMW Project on wildlife include change in habitat, change in behavioural 
response, change in movement (i.e., blockage or deflection), change in mortality risk and change 
in health (Table 7-2). However, because all activities and additional works associated with the 
PKMW Project are located within the existing Diavik Mine footprint there is no additional loss of 
habitat, or change in movement or mortality risk for the wildlife species considered in this 
assessment (Table 7-2). 

This assessment is limited to assessing the potential effects of the PKMW Project during the 
closure and post-closure phases on selected wildlife species. Although the 1998 Comprehensive 
Study (DDMI 1998) used quantitative methods to assess change in habitat, movement and 
health/mortality risk (i.e., habitat mapping, modelling), this assessment used qualitative methods 
to assess these potential effects because the proposed project activities will occur within the 
existing mine footprint.  

The PKMW Project has the potential to result in a change in wildlife health for barren-ground 
caribou, aquatic and migratory birds (including red-necked phalarope), and peregrine falcon 
through changes in water quality within the infilled mine workings (Table 7-2). 
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Table 7-2:  Potential Effects, Effects Pathways and Measurable Parameters   

Potential 
Environmental Effect Effect Pathway  

Measurable Parameter(s) and 
Units of Measurement 

Change in Habitat • Direct loss or alteration of habitat through 
vegetation removal and ground disturbance. 

• Indirect loss or reduced habitat effectiveness 
from sensory disturbance during PKMW 
Project construction, operation and closure 
[i.e., within the zone of influence (ZOI)] 

• Change in area (ha) of suitable 
habitat available (quantitative)  

Change in Movement 
(blockage/deflection) 

• Alteration or blockage of wildlife movement 
due to physical barriers or sensory 
disturbance. 

• Increased energetic cost due to alteration in 
seasonal migration routes 

• Increase in existing right-of-way 
width (qualitative) 

• Intersections of the PKMW 
project with known wildlife 
movement corridors (e.g., 
riparian areas) (qualitative) 

Change in Mortality 
Risk 

• PKMW Project-related works and activities 
resulting in vehicle- collisions 

• Accidental loss in hazardous areas (e.g., 
airstrip, dikes, country rock storage areas) 

• Change in volume of traffic and 
number of personnel 
(qualitative) 

• Change in linear feature density 
(km/km2) as a correlate of 
access potential (quantitative) 

Change in Wildlife 
Health 

• During closure, infilling of mine workings 
prior to re-connection with Lac de Gras and 
dike breaching could result in increased 
exposure of caribou and other aquatic 
feeding wildlife (e.g., waterfowl) to chemical 
contaminants due to change in water quality 
(i.e., ingestion of drinking water, aquatic 
plants, and aquatic prey) 

• Change in water quality due to 
introduction of chemical 
contaminants 

• Assessed 
qualitatively/quantitatively 
based on results of surface 
water quality modelling and 
assessment (i.e., screening 
level analysis). 

7.1.5 Boundaries 

7.1.5.1 Spatial Boundaries 

The spatial boundaries of the assessment are the same boundaries as used in the 1998 
Comprehensive Study (DDMI 1998):  

• Project Development Area (PDA) – includes the estimated area (11.6 km2) of physical 
disturbance associated with the construction and operation of the Diavik Mine.   

• Local Assessment Area (LAA) – encompasses the area (805 km2) in which the PKMW 
Project effects (direct or indirect) are predicted to occur (Figure 7-1). The LAA encompasses 
the PDA. 

• Regional Assessment Area (RAA) – is the area that establishes the context for determining 
significance of project-specific effects. It is also the area within which potential cumulative 
effects—the residual effects from the PKMW Project in combination with those of past, 
present and reasonably foreseeable projects—are assessed. The RAA encompasses the 
PDA and the LAA and includes a total area of 13,865 km2 (Figure 7-1).  
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7.1.5.2 Temporal Boundaries 

Temporal boundaries for the assessment of potential effects of the PKMW Project are derived 
from the development schedule presented in Table 2-6, and include: 

• Construction: includes construction of the PK slurry pipeline from the Process Plant to mine 
workings beginning in 2021 (a five month duration) 

• Operations: includes deposition of fine and extra-fine processed kimberlite (EFPK) into mine 
workings and decanting porewater from the mine workings to the Process Plant or North 
Inlet beginning in 2021 (four to six years) 

• Closure: includes infilling the remainder of mine workings with a freshwater cap (six months 
to two years) beginning as early as 2026, and breaching the dikes to connect the pit lakes to 
Lac de Gras in 2029 or earlier  

• Post-closure: the period after the pit lakes are connected to Lac de Gras in 2029 or earlier 
(extended to 100 years for the purpose of this assessment) 

7.1.6 Residual Effects Characterization 

Criteria used to characterize project residual effects on wildlife are consistent with, but not 
identical to, the criteria used in the 1998 Comprehensive Study (DDMI 1998), and are provided in 
Table 7-3.  

Table 7-3: Characterization of Residual Effects on Caribou 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Direction The long-term trend of the 
residual effect 

Positive – a residual effect that moves measurable 
parameters in a direction beneficial to wildlife relative to 
baseline. 
Adverse – a residual effect that moves measurable 
parameters in a direction detrimental to wildlife relative to 
baseline. 
Neutral – no net change in measurable parameters for 
wildlife relative to baseline.  

Magnitude The amount of change in 
measurable parameters or 
the VC relative to existing 
conditions 

Negligible – no measurable change in wildlife and wildlife 
habitat measurable parameters 
Low – selected parameter changes by less than 1% from 
baseline conditions within impact area 
Moderate – selected parameter changes between 1% and 
10% from baseline conditions within impact area 
High – selected parameter changes by more than 10% from 
baseline conditions within impact area 

Geographic Extent  The geographic area in 
which a residual effect 
occurs  

PDA – residual effects are restricted to the PDA 
LAA – residual effects extend into the LAA 
RAA – residual effects interact with those of other projects in 
the RAA 
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Table 7-3: Characterization of Residual Effects on Caribou 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Frequency Identifies how often the 
residual effect occurs and 
how often during the project 
or in a specific phase 

Single event 
Multiple irregular event – occurs at no set schedule 
Multiple regular event – occurs at regular intervals  
Continuous – occurs continuously 

Duration 
 

The period of time required 
until the measurable 
parameter or the VC returns 
to its existing condition, or 
the residual effect can no 
longer be measured or 
otherwise perceived 

Short-term – residual effect restricted to construction phase 
only 
Medium-term – residual effect extends throughout 
construction and up to 10 years during operation, or 
throughout the operations phase alone 
Long-term – residual effect extends beyond 
decommissioning and abandonment  

Reversibility 
 

Pertains to whether a 
measurable parameter or the 
VC can return to its existing 
condition after the project 
activity ceases 

Reversible – the residual effect is likely to be reversed after 
activity completion and reclamation 
Irreversible – the residual effect is unlikely to be reversed 

Ecological Context Existing condition and trends 
in the area where residual 
effects occur 

Undisturbed – area is relatively undisturbed or not 
adversely affected by human activity  
Disturbed – area has been substantially previously 
disturbed by human development or human development is 
still present  

7.1.7 Significance Definition 

For the purposes of this assessment, significance has been defined consistent with the definition 
provided in the 1998 Comprehensive Study (DDMI 1998): 

“The definition of a significant adverse effect is an effect that has a high probability of a permanent 
or long-term effect of high magnitude, within the regional area, that cannot be technically or 
economically mitigated”. 

The only potential project effect that could possibly meet this sigificance defiintion is a change in 
wildlife health associated with water quality, which will be assessed qualitatively/quantitatively 
based on results of surface water quality modelling and assessment. Surface water quality for 
wildlife will be assessed against drinking water guidelines for human health and water quality 
guidelines applicable to fish.  
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7.2 EXISTING CONDITIONS FOR WILDLIFE 

7.2.1 Methods 

A review of existing data was completed to gather information on key wildlife species of concern 
and their habitat within the RAA. Specifically, existing information on wildlife was reviewed using 
the following sources: 

• Environmental Effects Report, Wildlife (DDMI 1998, DDMI 1998c, CEAA 1999) 
• Annual Wildlife Monitoring Reports (e.g., DDMI 2012, 2013; Golder 2005, 2008b, 2011, 

2017d) 
• Jay Project Baseline (DDMI 2014) (the wildlife study area boundary included Diavik) 
• Human and Wildlife Health Risk Assessment for the Jay Project (Dominion Diamond Ekati 

Corporation 2015) 
• Draft Bathurst Caribou Range Plan (GNWT 2018b) 
• Falcon nest occupancy and hatch success (Coulton et al 2013) 
• Traditional Knowledge (Thorpe Consulting Services Ltd. 2018, 2019) 

7.2.2 Overview 

Barren-ground Caribou 

The Diavik Mine occurs within the spring and fall migration routes of the Bathurst caribou herd 
where mining activity has been on-going since 2000. As of December 2018, mining activities have 
affected a total area of 11.62 km2 since 2000 (Golder 2018c). This represents 91.7% of the 
predicted landscape disturbance for the mine (DDMI 1998).  

Caribou have been monitored using aerial transects and telemetry since 1998. Based on satellite 
and GPS collar data collected over 20 years, most of the Bathurst caribou travelled west of Lac 
de Gras during the spring migration and east of Lac de Gras during the fall migration (Golder 
2017d). Very few caribou have been observed on East Island since mine construction (Golder 
2015a). 

Since 2015, the Bathurst caribou population has decreased by more than half, declining from 
approximately 20,000 to about 8,200 individuals in 2018 (Virgl et al. 2017; GNWT 2018b). 
Indigenous Elders have noted the decline and/or displacement of caribou herds that were once 
numerous near their communities. These changes are alarming to these Elders because caribou 
are an important source of past and current survival, sustenance, and cultural identity for all 
Indigenous groups (Thorpe Consulting Services Ltd 2019). 

In 2018, the number of caribou observed on East Island by mine staff ranged from 1 to 
approximately 85 animals. Larger groups of caribou (100-200) were observed during 2018 south 
of Lac de Gras (Golder 2018b). Long-term caribou movement paths generally correspond to the 
prediction made in the 1998 Comprehensive Study for the northern migration but not for the 
southern migration (DDMI 1998b; Golder 2017b). Year-to-year patterns have been variable since 
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1996, particularly for the southern migration. Overall, based on telemetry data, the presence of 
mining activity within and adjacent to Lac de Gras has had little influence on the large-scale 
movement and distribution of the Bathurst caribou herd in the region (Golder 2018c).  

Although there has been occasional natural mortality on East island (i.e., caribou found dead), 
there has been only one mine-related caribou mortality since 2000 (Golder 2018c). 

Raptors 

Nine species of raptors are known to occur in the RAA, including peregrine falcon, gyrfalcon 
(Falco rusticolus), merlin (Falco columbarius), rough-legged hawk (Buteo lagopus), northern 
harrier (Circus cyaneus), bald eagle (Haliaeetus leucocephalus), golden eagle (Aquila 
chrysaetos), short-eared owl (Asio flammeus), and snowy owl (Bubo scandiacus) (DDMI1998c).  
As part of the Wildlife Monitoring Program (WMP), raptors were monitored annually at the mine 
site as well as off-site from 1998 to 2010. In 2010, annual off-site monitoring was discontinued 
and DDMI now contributes to regional monitoring efforts (Golder 2017d). These surveys occur 
every five years, with the next survey scheduled for 2020 (Golder 2018c). Monitoring of nest use 
along pit walls continues on an annual basis.  

Although peregrine falcon anatum/tundrius are currently listed under Schedule 1 of SARA 
(Special Concern, 2012), a more recent national reexamination assessed them as Not at Risk 
(COSEWIC 2017). Populations have increased in the Northwest Territories as well, and surveys 
indicate a 58% increase in the number of occupied nesting territories from 1990/1995 to 
2010/2015 (GNWT 2018a). 

Peregrine falcon nest sites have been monitored for occupancy around the Diavik and Ekati Mines 
since 1995 (Golder 2011; Coulton et al. 2013). Between 6 and 19 sites were checked each year 
and occupancy rates ranged 63% to 94% during current operation of the Diavik Mine from 2003 
to 2010 (DDMI 2014). Coulton et al. (2013) found that hatch success of peregrine nests was not 
related to annual increases in mine footprint area and suggested that the patterns of nesting 
success were more likely related to natural factors operating at a regional scale. Three of eight 
mine workings surveyed at Ekati Mine in 2016 were found to have active nests present (ERM 
2017).  

Monitoring of the pit wall/mine infrastructure at the Diavik Mine has recorded previous raptor nests 
including one peregrine falcon nest that was observed near the Process Plant in 2013 (DDMI 
2013a). More recently, one peregrine falcon nest was identified at the Site Services Building as 
well as one rough-legged hawk nest at the A418 pit during the 2018 monitoring survey. During 
2018, there was also a potential but unconfirmed nesting site for rough-legged hawk at A154. No 
raptor incidents or mortalities were reported at Diavik Mine in 2018 (Golder 2018c). 
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Aquatic and Migratory Birds (Waterfowl, Waterbirds) 

Baseline wildlife studies completed as part of the 1998 Comprehensive Study (DDMI 1998) 
indicated that the Diavik Mine area potentially supports 84 species of birds. These species occur 
either as year-round residents, seasonal residents, seasonal migrants or occasional visitors. 
Seventeen species of waterfowl have been recorded in the Lac de Gras area as either migrants, 
summer residents or uncommon visitors (DDMI 1998). These include greater white-fronted goose 
(Anser albifrons), Canada goose (Branta canadensis), snow goose (Chen caerulescens), 
northern pintail (Anas acuta), green-winged teal (Anas carolinensis), mallard (Anas 
platyrhynchos), American wigeon (Anas americana), greater scaup (Aythya marila), long-tailed 
duck (Clangula hyemalis), black scoter (Melanitta americana), surf scoter (Melanitta perspicillata), 
white-winged scoter (Melanitta deglandi), common merganser (Mergus merganser), red-breasted 
merganser (Mergus serrator), horned grebe (Podiceps auritus), tundra swan (Cygnus 
columbianus), and trumpeter swan (Cygnus buccinator). White-fronted goose and northern pintail 
were the most common species (DDMI1998c) and were selected as key species for the 1998 
Comprehensive Study (DDMI 1998). 

Waterbird observations have been recorded in the Diavik Mine study area since 1996 (DDMI 
2013a). The abundance of waterbirds fluctuates in the Diavik Mine monitoring study area (410 to 
6,060 individuals of all species annually), but there is no increasing or decreasing trend observed 
over time (Golder unpublished data, in Dominion Diamond Ekati Corporation 2014).  

Ground-based presence surveys have been conducted at Diavik Mine since 1996 (DDMI 2013a). 
Waterfowl presence at the East Island shallow bays and mine-altered waterbodies (Map 2.1-13) 
has been surveyed daily for five weeks during peak migration (May and June) since 2001 (DDMI 
2013a). Based on results from the Wildlife Monitoring Program, waterfowl use shallow bays 
present at East Island and have been observed using mine-altered wetlands, particularly the 
North Inlet (DDMI 2012). In 2014, waterfowl monitoring was discontinued following review and 
agreement by Environment and Climate Change Canada. 

Piscivorous waterbirds (e.g., mergansers) may ingest potential metal contaminants in their fish 
prey. Baseline studies determined the average tissue metal concentrations of Arctic grayling 
(Thymallus arcticus), round whitefish (Prosopium cylindraceum), cisco (Coregonus artedii), and 
lake trout (Salvelinus namaychus) from Lac de Gras in 1997. Conservatively assuming that 
methylmercury comprises 100% of the total mercury in fish muscle, average mercury 
concentrations in all four large-bodied fish species sampled in Lac de Gras in 1997 exceeded the 
federal methylmercury guideline prior to development of the Diavik Mine. Average mercury 
concentrations in slimy sculpin (Cottus cognatus) collected in Lac de Gras in 2016 were below 
the federal methylmercury guideline (see Section 6.2.2.4). 
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7.3 PROJECT INTERACTIONS WITH WILDLIFE 

Potential interactions of the PKMW Project with wildlife were identified based on the previous 
environmental assessment (DDMI 1998), existing information related to historical and current 
wildlife interactions with the Diavik Mine, and professional judgment. Consistent with the 1998 
Comprehensive Study (DDMI 1998), potential effects of the PKMW Project during construction, 
operation, closure and post-closure include potential change in habitat, change in wildlife 
movement, as well as change in mortality risk and wildlife health. For this assessment, change in 
habitat includes indirect effects related to sensory disturbance, which was also assessed as 
behavioural response in the 1998 Comprehensive Study (DDMI 1998, DDMI1998c). 

Table 7-4 identifies, for each potential effect, the physical activities that might interact with the 
Wildlife and Wildlife Habitat VC and result in the identified environmental effect. These 
interactions are indicated by a check mark and are discussed in detail in Section 7.4, in the context 
of effects pathways, standard and project-specific mitigation/enhancement, and residual effects. 
A justification for no effect is provided in the following subsections. 

Table 7-4:  Project-Environment Interactions with Wildlife and Wildlife Habitat 

Physical Activities 

Environmental Effects 

Change 
in Habitat 

Change in 
Movement 

Change in 
Mortality 

Risk 

Change in 
Wildlife 
Health 

Construction 
Activity 1 - Construction of a slurry pipeline from processing 
plant to mine workings 

– – – – 

Operation 
Activity 1 - Deposition of fine PK and/or extra-fine PK to 
mine workings 

– – – – 

Activity 2 – Management (decanting) of PK porewater from 
mine workings 

– – – – 

Closure 
Activity 1 - Infilling of mine workings with water from Lac de 
Gras 

– – – –  

Activity 2 - Natural stabilization of water in pit lakes; 
monitoring of water quality in pit lakes prior to reconnection 
to Lac de Gras 

– – –  

Activity 3 - Breaching of dike(s) and mixing of pit lake 
water(s) with Lac de Gras 

– – –  

Post-closure 
Activity 1 - Ongoing monitoring in the pit lakes and Lac de 
Gras during ongoing interaction between deposited PK and 
lake water 

– – –  

NOTES: 
 = Potential interaction 
– = No interaction 
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7.3.1 Change in Habitat 

The PKMW Project is not predicted to result in any additional direct habitat loss during 
construction of the PK slurry pipeline(s) because it will be installed on previously disturbed lands 
that do not contain suitable habitat for caribou, waterfowl or species at risk considered in this 
assessment (i.e., within or adjacent to existing access routes and mined workings). During 
operations, closure and post-closure, there is no potential to directly affect wildlife habitat because 
these activities will not affect areas that contain terrestrial feeding habitat.   

The PKMW Project is not predicted to result in any measurable increase in sensory disturbance 
(i.e., noise, light) during construction and operation within or beyond the previously assessed LAA 
(DMMI 1998b) because installation of the pipeline will occur while operational mining (e.g., A21) 
and closure activities take place. In addition, existing equipment and personnel will be used, which 
will not result in an additional vehicles and human disturbance.   

Although some individuals of the Bathurst caribou herd continue to use East Island near the mine 
site (Golder 2018c), the estimated zone of influence (ZOI) around the Ekati-Diavik mines has 
been reported to vary from 11 to 14 km based on radio-collar and aerial survey data (Boulanger 
et al. 2012), which suggests there is low potential for caribou to interact with the PKMW Project. 
Furthermore, the construction of the PK slurry pipeline is planned to occur between June and 
September, which will avoid the peak spring and fall migration periods of the Bathurst caribou 
herd and reduce potential interactions with caribou.   

The PKMW Project is not predicted to result in changes in shoreline habitats for waterfowl and 
other wildlife species since project activities will not have significant residual effects on water 
levels in Lac de Gras (see Section 5.0).  

7.3.2 Change in Movement 

Although the construction and operation of the PK slurry pipeline might have the potential to 
temporarily alter caribou movement within the mine footprint, the potential effects are predicted 
to be negligible based on the presence of existing mine infrastructure as well as the lack of 
suitable caribou habitat and the relatively small number of caribou that use East Island during 
spring and fall migration (Golder 2018c) (i.e., limited potential for interaction with this project 
component). Furthermore, existing mitigation (DDMI 1998) implemented to reduce the potential 
effects of mining activities on barren-ground caribou movement will be applied to the PKMW 
Project including but, not limited to:   

• Installing above-ground pipelines to parallel existing infrastructure generally at heights below 
0.5 or above 2.0 (bottom -of pipe) and furnish pipelines within the 0.5 to 2.0 m range with 
granular ramps at least 20 m and spaced at strategic locations to facilitate passage of 
caribou and other large wildlife (DDMI 1998). 

• Temporarily suspending construction or mining activity when caribou safety is threatened 
and using appropriate herding techniques to remove caribou from hazardous areas before 
resuming activities. 
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As previously mentioned, there is also limited potential for the PK slurry pipeline to affect caribou 
movement within the mine footprint during construction because construction activities are 
planned outside of the spring and fall migration periods. 

7.3.3 Change in Mortality Risk 

There is limited potential for PKMW Project activities to result in increased mortality risk to wildlife 
(e.g., vehicle collisions with caribou or waterfowl) because there will be no additional vehicles or 
traffic on site during construction and operation and there are existing mitigation and monitoring 
programs in place to reduce mortality risk (DDMI 1998) including the Caribou Advisory Monitoring 
Program, which is designed to address potential interactions between caribou and mining 
activities. The success of the existing mitigation programs is indicated by the very low (one) mine-
related mortality event since 2000 (Golder 2018c).    

DDMI conducted field trials in early 2000 with temporary snow type fencing to assess its 
effectiveness as a mitigation measure for impacts to wildlife, particularly caribou, from interaction 
with potential hazards like open pits and the processed kimberlite containment facility (PKC 
Facility). DDMI decided, following the field trials, that wildlife fencing was not necessary, and could 
have increased mortality risk to caribou through entanglement and interaction with predators. 

7.3.4 Change in Health 

There is no potential for the PKMW Project to affect wildlife health during construction and 
operation because the FPK will be transported and deposited to the mine workings(s) using the 
slurry pipeline (i.e., not available for consumption by caribou and other wildlife species).  

Overall, with the application of project design features as well as existing mitigation and 
monitoring, the PKMW Project is not expected to result in a measurable change in habitat, sensory 
disturbance, change in movement, or increased mortality risk for barren-ground caribou, 
peregrine falcon or aquatic and migratory birds relative to existing conditions. As such, potential 
effects of the PKMW Project on barren-ground caribou, peregrine falcon or aquatic and migratory 
birds of these effects are not discussed further. 
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7.4 ASSESSMENT OF RESIDUAL ENVIRONMENTAL EFFECTS ON 
WILDLIFE 

The PKMW Project has potential to result in a change in wildlife health through consumption of 
surface water that may contain chemical contaminants (e.g., suspended sediment, metals, and 
nutrients).  

7.4.1 Analytical Assessment Techniques 

Potential effects of the PKMW Project on wildlife and wildlife habitat were assessed qualitatively 
and quantitatively. Qualitative assessments were conducted using a weight of evidence approach. 
This entailed using professional judgement based on an understanding of the potential effect and 
the likelihood of effectiveness of mitigation measures used under similar circumstances, 
supported by scientific literature and regulatory guidelines as available. Quantitative assessments 
were conducted whenever model predictions (e.g., water quality model output for various PK 
storage scenarios) and guidelines (e.g., Canadian Water Quality Guidelines for the Protection of 
Aquatic Life) and geographic information system (GIS) calculations of potentially affected habitat 
areas and volumes where available. For the assessment of potential effects on changes in pit 
lakes water quality on wildlife, the output from a two-dimensional, laterally-averaged 
hydrodynamic model (CE-QUAL-W2) developed by Golder Associates (Golder 2018) was used. 

7.4.2 Change in Health 

The assessment of change in wildlife health was assessed qualitatively using the analytical 
methods and quantitative results discussed in the assessment of potential effects on water quality 
(Section 4.0) and fish and fish habitat (Section 6.0). Change in health was assessed for barren-
ground caribou, aquatic and migratory birds (e.g., waterfowl) as well as peregrine falcon. 

7.4.2.1 Project Pathways 

The PKMW Project has the potential to affect wildlife health through a change in water quality 
within the pit lakes prior to re-connection with Lac de Gras as well as dike breaching and mixing 
of pit lake surface water with Lac de Gras during closure and post-closure. The change in water 
quality could result in a change in health for caribou as well as waterfowl and waterbirds through 
the ingestion of drinking water and increased exposure to metals and other contaminants in some 
species of prey and sediment, including sodium, sulfate, nitrate and nitrite as nitrogen, cadmium, 
copper, molybdenum, arsenic, nickel, selenium, silver, and zinc. The pathway for potential 
exposure of peregrine falcon is through ingestion of waterfowl prey. 
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7.4.2.2 Mitigation 

The proposed above-ground pipeline and physical activities required to transport and store PK 
into mined-out pits do not require any new mitigation measures to reduce potential effects on 
wildlife species. The PKMW Project will occur within the existing mine footprint where mitigation 
and monitoring are currently applied. The key existing mitigation measures that are applicable to 
this project are:  

• Water quality monitoring to assess potential changes in water concentrations of chemical 
constituents, which will reduce the potential risk to wildlife health 

• Wildlife monitoring to assess potential interactions of wildlife with potential contaminants   

The Interim Closure and Reclamation Plan (version 3.2; DDMI 2011) identifies mitigations to 
reduce potential effects on wildlife during closure including: 

• Removal of any observed wildlife from pit/dike area before infilling  
• Monitoring area for approaching wildlife during infilling  
• Employing deterrents such as herding as required  
• Excavating ramps into the pit walls that will remain as a shoreline 

There are a number of deterrents available for modifying behaviour and discouraging wildlife from 
approaching or gathering at a location (e.g., pit lakes during the infilling process). These 
deterrents include visual and sound-making devices such as gas-operated exploders, 
pyrotechnics, electronic noisemakers, bird distress calls, standing or pop-up effigies, eyespot 
balloons, and raptor models (University of Wisconsin 2019). If wildlife monitoring and water quality 
monitoring indicate a potential for adverse health effects on wildlife and use of the pit lakes by 
wildlife during the period of infilling and stabilization of water quality, then appropriate devices and 
regular wildlife dispersal patrol teams will be used to minimize wildlife access to pit lakes until 
water quality benchmarks are achieved. It will be important to establish a deterrent regime before 
wildlife establish a regular pattern of use, since regular habits are difficult to break once 
established (University of Wisconsin 2019). These same techniques can also be used to prevent 
peregrine falcons and other raptors from using pit walls for nesting prior to infilling of mine 
working(s) with water from Lac de Gras at closure. 

The Post-Closure Wildlife Effects Monitoring Program will be based on the operations monitoring 
programs and will be revised along with the monitoring frequency, as appropriate, to focus on any 
post-closure effects. Post-Closure maintenance requirements might include repairs to any erosion 
of dikes or shoreline and/or correction of identified wildlife hazards (DDMI 1998b). 

Traditional Knowledge Panelists express concern about animals coming in contact with EFPK 
and recommended that all of the EFPK from the PKC Facility also be put into the mine workings 
during closure and reclamation (Thorpe Consulting Services Ltd 2018). 
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7.4.2.3 Project Residual Effect  

Residual effects to wildlife are assessed on the basis that DDMI will not breach dikes to reconnect 
pit lakes to until water quality is below AEMP benchmarks for all parameters (as discussed in 
section 4.4.1.3). Based on the results of the water quality modelling (Golder 2018), the levels of 
potential contaminants in pit lake water prior to breaching are predicted to be very low. Water 
quality in pit lake surface water prior to breaching the dikes is anticipated to be below the AEMP 
benchmarks for eight of nine scenarios and therefore safe for people, fish and wildlife (see 
Sections 4.0 and 6.0). In a scenario where the AEMP benchmark for nitrite is marginally exceeded 
in surface water that would be accessible to wildlife (A21 scenario 4a), mitigations, such as 
deterrents, would be used to reduce access to wildlife during the time when pit lakes are isolated 
from Lac de Gras. As such, activities associated with the PKMW Project are not predicted to pose 
a direct or indirect health risk to barren-ground caribou, aquatic and migratory birds (e.g., 
waterfowl) or peregrine falcon.  

Based on the findings of the assessment residual effects to wildlife during closure are predicted 
to be negligible in magnitude and short term in duration, except for A21 4a which would be 
medium term in duration if AEMP benchmarks are exceeded for a longer period of time. During 
post-closure, residual effects are predicted to be negligible for scenarios where pit lakes are able 
to be reconnected to Lac de Gras. Post-closure effects are not assessed for scenario A21-4a 
because the pit lake would not meet the criteria for reconnection to Lac de Gras. 

Barren-ground Caribou 

Overall, PKMW Project residual effects on caribou health are predicted to be negligible in 
magnitude, medium-term in duration, as restricted to the period during pit infilling, following pit 
lake infilling, prior to and immediately following dike breaching and mixing of pit lake surface 
water(s) with Lac de Gras.   

Aquatic and Migratory Birds 

Overall, residual effects of the PKMW Project on aquatic and migratory bird (including red-necked 
phalarope) health are predicted to be negligible in magnitude, medium-term in duration, and 
restricted to the period during pit infilling, following pit lake infilling, prior to and immediately 
following dike breaching and mixing of pit lake surface water(s) with Lac de Gras.   

Peregrine Falcon  

Overall, project residual effects on peregrine falcon health are predicted to be negligible in 
magnitude, medium-term in duration, and restricted to the period following pit lake infilling, prior 
to and immediately following dike breaching and mixing of pit lake surface water(s) with Lac de 
Gras.  
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7.4.3 Summary of Project Residual Environmental Effects 

Residual effects of the PKMW Project on wildlife and wildlife habitat during closure and post-
closure are summarized in Table 7-5. At closure there is single event, medium-term adverse effect 
of negligible magnitude on wildlife health within the PDA during mine workings infilling and dike 
breaching because water quality in A21 (scenario 4a and possibly 3a) would exceed one or more 
AEMP benchmarks. Post-closure there is a continuous, long term adverse effect of negligible 
magnitude except for A21 scenarios 3a and 4a where the effects characterization would not be 
relevant if AEMP benchmarks are not met and the pits are not reconnected to the lake.   

Table 7-5: Project Residual Effects on Wildlife and Wildlife Habitat 

Residual Effect 

Residual Effects Characterization 

Project Phase 

D
irection 

M
agnitude 

G
eographic 
Extent 

D
uration 

Frequency 

R
eversibility 

Ecological and 
Socio-econom

ic 
C

ontext 

Change in Health  DC A N PDA ST S R D 

Change in Health DP A N LAA LT C R D 

KEY 
See Table 7-3 for detailed 
definitions 
Project Phase 
C: Construction 
O: Operation 
DC: Closure  
DC: Post-Closure 
Direction:  
P: Positive 
A: Adverse 
N: Neutral 
Magnitude:  
N: Negligible 
L: Low 
M: Moderate 
H: High 

 
Geographic Extent:  
PDA: Project Development Area 
LAA: Local Assessment Area  
RAA: Regional Assessment Area 
Duration:  
ST: Short-term;  
MT: Medium-term 
LT: Long-term 
 
N/A: Not applicable 

 
Frequency:  
S: Single event 
IR: Irregular event 
R: Regular event 
C: Continuous  
Reversibility:  
R: Reversible 
I: Irreversible  
Ecological/Socio-Economic 
Context:  
D: Disturbed 
U: Undisturbed 
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7.4.4 Accidents and Malfunctions 

This section evaluates the potential effects of two accident scenarios that have the potential to 
affect wildlife and wildlife habitat: 

• An uncontrolled release of PK from a PK slurry pipeline 
• An uncontrolled rock release resulting from geotechnical instability in a pit wall, once infilled 

with PK and water 

7.4.4.1 Uncontrolled Release of PK from a PK Slurry Pipeline  

An uncontrolled release of PK from a PK slurry pipeline could occur as a result of a rupture of the 
pipeline during routine operations, including failure of a pipeline connection or an impact from a 
vehicle. Pipeline failure could result in release of pipeline liquids to land or water and depending 
on the scale of the failure there is a potential for interaction with wildlife.  

DDMI will operate and maintain the proposed pipelines in accordance with all applicable industry 
standards, regulatory regulations and company standards. DDMI has a robust integrity 
management program in place that supports safe operation of these pipelines and includes 
regular pipeline maintenance and inspections, pipeline integrity management, pipeline pressure 
monitoring, emergency response planning and operational training. Measures for spill response 
are approved in the mine’s Spill Contingency Plan. All of the pipelines are located behind berms 
designed to prevent pipeline liquids from entering Lac de Gras or tributary streams to Lac de 
Gras. With the implementation of the above management practices, and regulatory and company 
standards, the likelihood of pipeline failure is very low. The design of this infrastructure, combined 
with the application of the Spill Contingency Plan, would reduce the likelihood of a PK spill 
resulting in adverse health effects on wildlife to near zero.  

With the implementation of the mitigation and response measures, potential residual effects on 
wildlife are anticipated to be local and reversible; therefore, the risk is remote (risk is acceptable; 
no additional risk mitigation required).  

7.4.4.2 Uncontrolled Rock Release and Destratification of Pit Lakes  

Destratification of pit lakes could result in release of contaminated water into Lac de Gras, and 
depending on the level of contamination, there is a potential for interaction with wildlife.  

At post-closure, the areas of the pit lakes behind the breached dikes are expected to form a stable 
stratified meromictic condition, with a permanently stagnant heavier lower monimolimnion 
underlying a lighter upper mixolimnion (DDMI 2011). An unforseeable event such as an 
uncontrolled rock release resulting from geotechnical instability in a pit wall could result in 
destratification of the pit lakes post-closure, although the likelihood of this type of event is 
considered very low (Golder 2018a).  
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Release of contaminated monimolimnion water from the bottom of the pit lakes could contaminate 
surface water used by wildlife. No significant effect to wildlife would be expected to occur due to 
elevated contaminant concentrations in pit lakes due to a destratification event. The predicted 
contaminant concentrations in the pit lakes are relatively close to the aquatic effects benchmark 
and would be quickly diluted in Lac de Gras. The volume of water in Lac de Gras is many orders 
of magnitude greater than the volume of water in the pit lakes and the wind generated currents 
on Lac de Gras would quickly disperse water entering the lake from the pit lakes. Although the 
effects on aquatic wildlife are likely to be localized and reversible, the consequence is considered 
moderate. 

With the implementation of the mitigation and response measures, potential residual effects on 
wildlife are anticipated to be local and reversible; therefore, the risk is remote (risk is acceptable; 
no additional risk mitigation required.  

7.4.4.3 Conclusion 

With the implementation of best practices, regulatory requirements, application of DDMI’s Spill 
Contingency Plan and the Emergency Response Plan, the potential residual effects related to 
accidents and malfunctions is local and reversible, of very low likelihood, and moderate 
consequence; therefore, risk is considered to be remote. The potential effect of accidents and 
malfunctions on wildlife is considered not significant. 

7.5 ASSESSMENT OF CUMULATIVE ENVIRONMENTAL EFFECTS 
ON WILDLIFE AND WILDLIFE HABITAT 

As described in Section 7.4, the PKMW Project has only a negligible magnitude potential adverse 
effect on wildlife health during closure and post-closure. As a result, there are no project residual 
effects that are likely to interact cumulatively with residual environmental effects from other 
physical activities (past, present and reasonably foreseeable). 

Further assessment of cumulative effects is therefore not warranted because the PKMW Project’s 
negligible effect on wildlife health does not interact cumulatively with other projects or activities.  
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7.6 DETERMINATION OF SIGNIFICANCE 

7.6.1 Significance of Project Residual Effects 

With mitigation and environmental protection measures, the residual environmental effects of the 
PKMW Project on wildlife health, including barren-ground caribou, peregrine falcon and aquatic 
and migratory birds, are predicted to be negligible and not significant.  

7.6.2 Significance of Cumulative Effects 

Since the PKMW Project has negligible residual environmental effects on wildlife health, it is not 
expected to interact cumulatively with other projects or activities. With mitigation and 
environmental protection measures, there are no residual environmental effects on wildlife 
(including barren-ground caribou, peregrine falcon and aquatic and migratory birds) that could 
contribute to cumulative effects.  

7.7 PREDICTION CONFIDENCE 

Confidence in the assessment of potential project-effects to wildlife due to potential changes in 
water quality in the mine workings is moderate to high because predictions of water indicate no, 
or marginal exceedance of aquatic benchmarks and DDMI’s commitment to isolate the pit lakes 
until the monitoring program shows that water quality in the pits meets AEMP benchmarks. 

Confidence in the assessment of potential effects to wildlife due to the accidental destratification 
of the pit lakes is moderate to high based on the conservatism of the assumptions and sensitivity 
analyses used in the water quality modeling conducted by Golder and the unlikelihood of the pit 
lakes destratifying due to wind generated currents. Destratification of the pit lakes due to 
accidental slumping of rock walls within the pit lakes is considered unlikely. 

Confidence in the assessment of potential cumulative effects is high because project-specific 
effects are likely to have a negligible magnitude effect and because there is no potential for 
temporal overlap between Ekati Mine projects and the PKMW Project. 

The assessment is based on good understanding of cause-effect relationships, using data 
pertinent to the project area and data from outside the project area. Confidence in the assessment 
of potential project-specific and cumulative effects to wildlife and wildlife habitat is increased by 
the prediction of only negligible magnitude effects to wildlife.  
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7.8 FOLLOW-UP AND MONITORING 

In addition to continuation of the on-going Wildlife Monitoring Program, DDMI will monitor: 

• Water quality in the pit lakes after the mine workings are filled to determine when and if 
water quality parameters meet aquatic effects benchmarks 

• Water quality, particularly TSS and TDS, in Lac de Gras at near-field, mid-field, and far-field 
areas during the breaching of the mine workings dikes 

7.9 SUMMARY OF COMMITMENTS 

The following commitments are intended to mitigate potential effects to wildlife, including barren-
ground caribou, aquatic birds and species at risk.  

• Any wildlife observed in the mine workings will be removed prior to pit lake infilling in 
accordance with applicable regulations. In the case of peregrine falcon nests on the pit 
walls, recommended minimum buffer distances in applicable guidelines will be followed until 
the birds have fledged and left the nests. 

• Water quality monitoring will be used to assess potential changes in water concentrations of 
chemical constituents 

• Wildlife monitoring to assess potential interactions of wildlife with potential contaminants 
• Wildlife deterrent techniques will be implemented as required to reduce interactions with 

contaminants, if necessary 
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8.0 ASSESSMENT OF POTENTIAL EFFECTS ON 
CULTURAL USE 

Cultural Use of the area has been identified as a valued component (VC) because of the potential 
for the PKMW Project to affect traditional activities, sites and resources important to Indigenous 
groups. Ongoing Indigenous engagement conducted by Diavik Diamond Mines Inc. (DDMI) and 
feedback provided during the Mackenzie Valley Environmental Impact Review Board (MVEIRB)’s 
scoping phase confirm that the area around Lac de Gras was and continues to be highly valued 
by Indigenous groups for cultural and traditional uses.   

This assessment assumes that the cultural use by Indigenous groups depends on the health and 
abundance of traditionally harvested species and the continued availability of and access to 
traditional use sites and areas. A review of information contained in the DDMI Traditional 
Knowledge (TK) Panel Session reports, publicly available literature, and the analysis of relevant 
environmental impact studies, concludes that the PKMW Project has the potential to affect 
traditional activities, sites and resources identified by Indigenous groups. 

The Cultural Use VC is informed by predicted residual effects from the Water Quality 
(Section 5.0), Fish and Fish Habitat (Section 6.0) and Wildlife and Wildlife Habitat (Section 7.0) 
VCs.  

8.1 SCOPE OF ASSESSMENT 

8.1.1 Regulatory and Policy Setting 

The assessment of potential effects of the PKMW Project on Cultural Use takes into consideration 
information regarding traditional land use (TLU) contained in the 1998 Comprehensive Study 
(DDMI, 1998), as well as conclusions provided in CEAA’s Comprehensive Study Report 
(CEAA1999). 

Section 111(1) of the Mackenzie Valley Resource Management Act (MVRMA) defines impact on 
the environment as …any effect on land, water, air or any other component of the environment, 
as well as on wildlife harvesting, and includes any effect on the social and cultural environment 
or on heritage resources. The MVRMA also provides guiding principles to the Review Board 
[MVEIRB] to have regard for “…the protection of the social, cultural and economic well-being of 
residents and communities in the Mackenzie Valley” during environmental assessments and “the 
conservation of well being and way of life of the aboriginal peoples of Canada and who use an 
area of the Mackenzie Valley”.  Section 115.1 states: “In exercising its powers, the Review Board 
[MVEIRB] shall consider any traditional knowledge and scientific information that is made 
available to it.” These principles require the consideration of impacts on culture and the 
incorporation of traditional knowledge into the assessment process.  
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Relevant guidelines include Guidelines for Incorporating Traditional Knowledge in Environmental 
Impact Assessment (MVEIRB 2005) and the status report for Cultural Impact Assessment 
Guidelines (MVEIRB 2009). The status report states that a cultural impact assessment 
“…involves looking at a development proposal for possible changes to the culture of people who 
use or value the land. It is the process used within environmental impact assessments to identify, 
predict and minimize any adverse cultural impacts of developments on people and places” 
(MVEIRB 2009).  

The PKMW Project is within the Wek’èezhìi Management Area as defined in the Tłı̨chǫ Land 
Claims and Self-Government Agreement, the asserted territory of the Akaitcho Dene First Nations 
(Chief Drygeese Territory) and includes the traditional use areas of the Kitikmeot Inuit and North 
Slave Métis. This report uses “community” to refer to Indigenous groups within the Tłı̨chǫ, 
Akaitcho, and far western Kitikmeot regions and includes Tłı̨chǫ communities Behchokǫ̀, , Whatì, 
Wekweètì and Gamètì, Akaitcho communities of Dettah, N’dilǫ, Łutsël K’é, the Kitikmeot 
communities of Kugluktuk and Bathurst Inlet, and the multi-cultural community of Yellowknife. 

8.1.2 The Influence of Consultation and Engagement on the 
Assessment 

DDMI initiated engagement with Indigenous groups in 1994, early in the planning phases for the 
original Diavik Diamonds Project. DDMI held numerous consultation meetings with potentially 
affected Indigenous groups to share project information, discuss preliminary findings of 
environmental baseline studies, and solicit TK related to the Diavik Diamonds Project (Diavik 
1998). DDMI facilitated site visits to the proposed mine site for potentially affected Indigenous 
groups and also funded the following TK studies: 

• "Weledeh Yellowknives Dene, A Traditional Knowledge study of Ek'ati." (Yellowknives Dene 
First Nation Elders Advisory Council 1997) 

• Habitat of Dogrib Traditional Territory: Place Names as Indicators of Bio-geographical 
Knowledge (Dogrib Renewable Resources Committee 1998) 

• Dogrib Traditional Knowledge: Relationship between Caribou Migration Patterns and the 
State of Caribou Habitat (Dogrib Renewable Resources Committee 1998a) 

• Final Report Community-Based Monitoring. Traditional Knowledge Study on Community 
Health, Community-Based Monitoring Study (Parlee and Łutsël K'e Dene First Nation 1998). 

• Final Report West Kitikmeot Slave Study. (West Kitikmeot Slave Study Society 2001) 
• Naonaiyaotit Traditional Knowledge Study (Kugluktuk Anogonaitit Association, n.d.) 

Information obtained through DDMI’s Indigenous engagement was incorporated into the 1998 
Comprehensive Study and TK information made available since the 1998 assessment up to the 
current environmental assessment was also considered.  

The 1998 Comprehensive Study discussed information on TLU in the area of the mine, potential 
effects on traditionally harvested resources and project design modifications to protect wildlife 
movement corridors and avoid sensitive areas (Diavik 1998). Information provided by DDMI was 
relied upon by the Canadian Environmental Assessment Agency (CEAA) in compiling their 
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Comprehensive Study Report. CEAA also considered TK information regarding potential effects 
submitted directly by Indigenous groups. CEAA’s Comprehensive Study Report determined that 
there are no significant adverse environmental effects associated with vegetation, wildlife and fish 
and that the Diavik Diamonds Project will not unduly interfere with hunting and fishing and other 
Aboriginal land uses assured under Treaties and Land Claims. The Comprehensive Study Report 
concluded that existing land uses had been adequately presented in Diavik’s environmental 
assessment and “that this proposed project does not significantly affect current land use in the 
area” (CEAA 1999).  

The Diavik Diamonds Project received regulatory approval from the federal Environment Minister 
on November 1, 1999. In 2001 the Diavik Environmental Agreement was concluded with Dogrib 
Treaty 11 Council (Tłı̨chǫ Government), Łutsël K’é Dene First Nation, Yellowknives Dene First 
Nation, North Slave Métis Alliance, Kitikmeot Inuit Association and federal and territorial 
governments. Under the Environmental Agreement, Diavik has established the Aquatics Effects 
Monitoring Program (AEMP) TK Study.,.  

Diavik has also sponsored TK Panel Sessions (EMAB 2012; EMAB 2012a; Thorpe Consulting 
2015, Thorpe Consulting 2016, Thorpe Consulting 2018, Thorpe Consulting 2019). The TK Panel 
Sessions included participation of Elders and knowledge holders from the five Indigenous groups 
party to the Environmental Agreement and addressed caribou monitoring, reclamation and mine 
closure, and options for management of PK. The TK Panel Session reports have been reviewed 
and the relevant observations, concerns and issues have been included in this assessment. 

8.1.3 Potential Effects, Pathways and Measurable Parameters 

This section provides context for how potential effects of the PKMW Project on cultural use were 
identified, how the PKMW Project might interact with cultural use (pathways), and what 
parameters will be used to measure changes to cultural use. The MVEIRB’s working definition of 
culture is “...a way of life, a system of knowledge, beliefs, values and behaviours passed down to 
each generation” (MVEIRB 2009). 

For the purposes of this assessment, cultural use is understood to encompasses various 
traditional activities, practices, sites, areas, and resources, including, but not limited to: 

• Hunting  
• Trapping  
• Fishing  
• Plant gathering 
• Use of trails and travelways, including navigation 
• Use of habitation areas (e.g., cabins, campsites, temporary shelters) 
• Use of cultural and spiritual sites and areas 

Cultural use also accounts for the conditions of use, seasonal cycles, inter-generational 
knowledge transmission, landforms and named places, and other factors that provide context, 
setting or understanding for the practice of cultural use activities.  
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Cultural use must be understood in the context of past and future use. Past cultural use 
information and information based on community members’ living memory situates contemporary 
activities and long-term observations of existing conditions. Future use pertains to the 
opportunities for generations of descendants of the Indigenous groups to continue to practice 
cultural traditions in a modern form. Framing traditional activities and practices in this way serves 
to acknowledge that cultural use—while having continuity with historic practices, traditions, or 
customs—is dynamic and changing. Conceived of in this way, cultural use situates long-standing 
cultural practices in a contemporary context. 

The PKMW Project can affect cultural use through a: 

• Change in availability of traditional resources for cultural use, affecting the availability of 
species relied upon to exercise cultural use activities (e.g., hunting, trapping, fishing, and 
plant gathering); 

• Change in access to traditional resources or areas for cultural use; or 
• Change in sites or areas for cultural use through the disruption or alteration of a traditional 

use site or location (e.g., habitation areas, trails and travelways, and cultural or spiritual 
practices sites and areas) 

Characterizing the effects of the PKMW Project on cultural use employs parameters that can be 
used to evaluate each type of predicted effect. Ideally, these parameters are measurable and 
quantifiable (e.g., availability of habitat for harvested species). However, some effects on cultural 
use lack defined parameters to measure effects and are therefore evaluated qualitatively based 
on comments received from Indigenous groups, past project experience and professional 
judgment. Potential effects, effects pathways and measurable parameters used to characterize 
and assess effects on cultural use are provided in Table 8-1. 

Table 8-1: Potential Effects, Effects Pathways and Measurable Parameters for Cultural Use  

Potential 
Environmental Effect Effect Pathway  

Measurable Parameter(s) and Units of 
Measurement 

Change in availability 
of resources for 
cultural use 

• Loss or alteration to traditionally used 
animal or fish species 

• Loss or alteration of habitat supporting 
traditionally used animal or fish species  

• Loss or alteration to availability of 
drinking water 

• Alteration of ecosystem health which 
could affect the availability of traditional 
resources  

• Perceived change in value of availability 
of traditional resources for cultural use 

• Change in availability of hunted 
species (information provided by 
wildlife) 

• Change in availability of fish species 
(information provided by fisheries) 

• Change in availability of drinking 
water (information provided by water 
quality)  

• Identification of change in resource 
from communities of traditional 
users 
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Table 8-1: Potential Effects, Effects Pathways and Measurable Parameters for Cultural Use  

Potential 
Environmental Effect Effect Pathway  

Measurable Parameter(s) and Units of 
Measurement 

Change in access to 
resources or areas for 
cultural use 

• Loss or alteration to access for potential 
use for harvesting, habitation, trails and 
travelways, and cultural activities (i.e., 
teaching, gathering, ceremony) 

• Restriction on ability to navigate to and 
through area for cultural use  

• An increase in hunting or fishing 
pressure by non-Aboriginal people has 
the potential to affect the availability of 
traditionally used species  

• Indirect effects on the experience of 
Indigenous peoples which adversely 
alter the perceived value of access to 
traditional resources for cultural use  

• Number of trails or travelways 
affected or no longer accessible 

• Areas (ha) with access restrictions 
• Identification of change in access 

from participating Indigenous groups 
• Qualitative evaluation of change in 

hunting and fishing pressure as a 
result of the PKMW Project and 
other planned developments  

Changes in sites or 
areas for cultural use 

• Loss or alteration of identified current 
use harvesting sites, habitation areas, 
cultural and sacred sites  

• Indirect effects on the experience of 
Indigenous peoples which adversely 
alter the perceived value of traditional 
use sites or areas 

• Number of or area (ha) of identified 
sites and areas affected 

• Identification of change in sites or 
areas from participating Indigenous 
groups 

• Identification of change in use of 
sites or areas from participating 
Indigenous groups 

As noted above in Section 8.1.2, the 1998 Comprehensive Study incorporated TK and TLU 
obtained through DDMI’s Indigenous engagement and available project specific TK studies. 
CEAA’s Comprehensive Study Report (CEAA 1999) considered available TK information, 
including information about potential effects shared by Indigenous groups, and concluded that 
there would be no significant adverse effects on current use of lands and resources for traditional 
purposes. Further, MVEIRB's Final Scope and Reasons for Decision notes the limited scale of 
the proposed development and has directed that the scope of the environmental assessment 
focus on a few pertinent valued components (VCs), namely Water Quality, Water Quantity, Fish 
and Fish Habitat and Wildlife and Wildlife Habitat (specifically caribou, aquatic and migratory 
birds, and species at risk). Consequently, the assessment on cultural use of the area will align 
with the Final Scope and Reasons for Decision and primarily consider potential effects on cultural 
use related to effects on these VCs  

Effects on other types of cultural use, such as plant gathering, use of trails and travel ways, use 
of habitation areas, and use of cultural and spiritual areas will not be considered in this 
assessment because there are no pathways for interaction with these forms of cultural use. The 
assessment of effects on cultural use will consider how traditional land users perceive the safety, 
quality, and health of Lac de Gras as required by the Final Scope and Reasons for Decision. 
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8.1.4 Boundaries 

8.1.4.1 Spatial Boundaries 

The spatial boundaries for cultural use were established in consideration of potential effects to 
traditional users in the Lac de Gras area provided by Indigenous groups in the DDMI TK Panel 
Session Reports. The spatial boundaries for cultural use are presented in Figure 8-1. 

The spatial boundaries defined for cultural use follow the spatial boundaries described for the 
wildlife and wildlife habitat assessment because there are demonstrable links between cultural 
use activities and the potential effects pathways described in the wildlife and wildlife habitat 
assessment (e.g., traditional hunting and change in wildlife health). The spatial boundaries for 
cultural use also align with spatial boundaries for wildlife and wildlife habitat because this is 
understood to represent the greatest extent of potential effects to the use of lands and resources 
by Indigenous groups. The spatial boundaries for cultural use also encompass the spatial 
boundaries for fish and fish habitat and therefore the extent of potential effects to traditional fishing 
are also captured within the cultural use spatial boundaries.  

While the cultural use spatial boundaries align with those of wildlife and wildlife habitat and fish 
and fish habitat, the assessment of effects on cultural use is not limited to the effects on resources; 
the assessment also considers information about cultural importance and experiential values, 
where that information has been provided by Indigenous groups.  

The spatial boundaries defined for cultural use are as follows:  

• Project Development Area (PDA) – includes the estimated area (11.6 km2) of physical 
disturbance associated with the construction and operation of the PKMW Project.   

• Local Assessment Area (LAA) – encompasses the area (805 km2) in which PKMW Project 
effects (direct or indirect) are predicted to occur (Figure 8-1). The LAA encompasses the 
PDA. 

• Regional Assessment Area (RAA) – is the area that establishes the context for determining 
significance of project-specific effects. It is also the area within which potential cumulative 
effects—the residual effects from the PKMW Project in combination with those of past, 
present and reasonably foreseeable projects—are assessed. The RAA encompasses the 
PDA and the LAA and includes a total area of 13,865 km2 (Figure 8-1). 

Indigenous groups may identify spatial boundaries in relation to their traditional lands or traditional 
territories; however, boundaries identified by various Indigenous groups often vary considerably. 
Aligning the cultural use boundaries with those of wildlife and wildlife habitat provides consistent 
boundaries throughout this Summary Impact Statement. 
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8.1.4.2 Temporal Boundaries 

Temporal boundaries for the assessment of potential effects of the PKMW Project are derived 
from the development schedule presented in Table 2-6, and include: 

• Construction: includes construction of the PK slurry pipeline from the Process Plant to mine 
workings beginning in 2021 (a five month duration) 

• Operations: includes deposition of fine and extra-fine processed kimberlite (EFPK) into mine 
workings and decanting porewater from the mine workings to the Process Plant or North 
Inlet beginning in 2021 (four to six years) 

• Closure: includes infilling the remainder of mine workings with a freshwater cap (six months 
to two years) beginning as early as 2026, and breaching the dikes to connect the pit lakes to 
Lac de Gras in 2029 or earlier  

• Post-closure: the period after the pit lakes are connected to Lac de Gras in 2029 or earlier 
(extended to 100 years for the purpose of this assessment) 

8.1.5 Residual Effects Characterization 

Cultural use is dependent on many factors, including healthy and accessible lands and resources 
(including animal and plant species), and sites such as trails, sacred areas, campsites, and 
harvesting areas. The assessment of residual effects considers change in the distribution, 
diversity and abundance of traditionally-used resources, and access to harvesting and cultural 
use sites and areas. Table 8-2 provides a description of the terms used to characterize residual 
effects. While the 1998 Comprehensive Study (DDMI, 1998) relied on information gathered 
through Diavik’s Indigenous engagement program and presented sufficient information about 
existing land uses, it did not define or assess residual effects for cultural use. Consequently, the 
present assessment provides residual effects characterizations that align with current EA practice. 

Table 8-2: Characterization of Residual Effects on Cultural Land Use 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Direction 
 

The long-term trend of the 
residual effect 

Positive – a residual effect that moves measurable 
parameters in a direction beneficial to cultural use relative to 
baseline. 
Adverse – a residual effect that moves measurable 
parameters in a direction detrimental to cultural use relative 
to baseline. 
Neutral – no net change in measurable parameters for the 
cultural use relative to baseline.  
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Table 8-2: Characterization of Residual Effects on Cultural Land Use 

Characterization Description 
Quantitative Measure or 

Definition of Qualitative Categories 

Magnitude 
 

The amount of change in 
measurable parameters or 
the VC relative to existing 
conditions 

Negligible – no measurable change to the ability to 
undertake cultural use activities  
Low – effect will increase the effort necessary to conduct 
cultural use activity but will not reduce the ability to conduct 
cultural use activities   
Moderate – effect will reduce the ability to conduct cultural 
use activities  
High – effect will severely impair the ability to conduct 
cultural use activities  

Geographic Extent  
 

The geographic area in 
which a residual effect 
occurs  

PDA – residual effects are restricted to the PDA 
LAA – residual effects extend into the LAA 
RAA – residual effects interact with those of other projects in 
the RAA 

Frequency 
 

Identifies how often the 
residual effect occurs and 
how often during the project 
or in a specific phase 

Single event 
Multiple irregular event – occurs at no set schedule 
Multiple regular event – occurs at regular intervals  
Continuous – occurs continuously 

Duration 
 

The period of time required 
until the measurable 
parameter or the VC returns 
to its existing condition, or 
the residual effect can no 
longer be measured or 
otherwise perceived 

Short-term – residual effect restricted to construction phase 
only 
Medium-term – residual effect extends throughout 
construction and up to 10 years during operation, or 
throughout the operations phase alone 
Long-term – residual effect extends beyond 
decommissioning and abandonment  

Reversibility 
 

Pertains to whether a 
measurable parameter or the 
VC can return to its existing 
condition after the project 
activity ceases 

Reversible – the residual effect is likely to be reversed after 
activity completion and reclamation 
Irreversible – the residual effect is unlikely to be reversed 

Ecological and 
Socio-economic 
Context 
.  

Existing condition and trends 
in the area where residual 
effects occur 

Undisturbed – area is relatively undisturbed or not 
adversely affected by human activity  
Disturbed – area has been substantially previously 
disturbed by human development or human development is 
still present  
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8.1.6 Significance Definition 

Under the Mackenzie Valley Resource Management Act, there is a requirement to make a 
determination of significance for residual environmental effects on cultural use. The lack of laws, 
policies, management plans or standard industry practice regarding thresholds for effects on 
cultural use makes choosing and applying significance thresholds challenging. The subjective 
nature of describing and understanding the importance of effects on cultural use of lands and 
resources for traditional purposes means that selected thresholds might not evenly apply across 
Indigenous groups and circumstances. Indigenous groups themselves may have differing views 
on the meaning of significance that reflect oral history traditions and holistic understandings of 
natural phenomena.  

Given these considerations, a significant adverse effect on cultural use is defined as a long-term 
loss of availability of traditional use resources or access to lands relied on for cultural use practices 
or cultural use sites and areas, such that cultural use is critically reduced or eliminated within the 
RAA. This may include disruption to cultural use activities and practices where biological 
resources or physical sites are not significantly affected in the RAA. 

8.2 EXISTING CONDITIONS FOR CULTURAL USE 

8.2.1 Methods 

The description of existing conditions for cultural use relies on information regarding Indigenous 
groups and TLU provided in the 1998 Comprehensive Study, the Comprehensive Study Report, 
information shared by Indigenous participants in the DDMI TK Panel Reports, information 
contained in other TK reports and studies commissioned by DDMI, and a review of publicly 
available literature containing information about cultural use by potentially affected Indigenous 
groups. In addition, government databases and Indigenous group websites were reviewed to 
obtain current information about Indigenous group location, demographics, governance 
structures, and political affiliation.  

DDMI acknowledges that TK and Inuit Qaujimajatuqangit (IQ) are the intellectual property of 
Indigenous groups and knowledge holders; DDMI is committed to protecting the confidentiality of 
TK and IQ information and respects the terms of use for each of the documents reviewed. TK 
Panel Session reports and Fish Monitoring reports have been released to DDMI by participating 
Indigenous groups for use in project planning and the regulatory process. Confidential TK studies 
or those stipulating one-time use were excluded from the review of publicly available documents.  
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8.2.2 Indigenous Groups  

8.2.2.1 Tłı̨chǫ Government  

The Tłı̨chǫ Government comprises a group of Dene communities in the Northwest Territories. It 
has the power to create and enforce laws of its own making and possesses a constitution. It was 
preceded by the Dogrib Treaty 11 Council, a body representing the communities of Behchokǫ̀, 
Whatì, and Gamètì (ATNS 2011). In 2002, the Dogrib people adopted the word ‘Tłı̨chǫ’ as an 
identifier, which means ‘dogrib’ in the Dene language. Tłı̨chǫ Government is headquartered in 
Behchokǫ̀. Tłı̨chǫ Government has a total population of approximately 2,850, distributed among 
four communities: Behchokǫ̀ (pop. 1,950), Whatì (pop. 497), Gamètì (pop. 278), and Wekweetì 
(pop. 129). Its governance structure includes an annual open forum for citizens to discuss policy 
directions; the Tłı̨chǫ Assembly, which includes a Grand Chief, a Chief from each of the four 
Tłı̨chǫ Community Governments as well as two representatives from each Tłı̨chǫ community 
(Tłı̨chǫ Government 2019); and the Chief’s Executive Council, headed by a Grand Chief elected 
by Tłı̨chǫ citizens and a Chief from each of the four Community Governments. 

8.2.2.2 Lutsel K'e Dene First Nation 

Łutsël K'e Dene First Nation (Band No. 764) is a Denesoline community located near the mouth 
of the Snowdrift River on the eastern end of Great Slave Lake. The people of Łutsël K’é Dene 
First Nation are descendants of Dene that adhered to Treaty 8 at Fort Resolution in 1900. The 
community of Łutsël K’é is located approximately 225 kilometers south of the the Diavik Mine. 
There is no road access to the community, however, there is regular air service from Yellowknife, 
and an annual sealift from Hay River. Travel to other communities on Great Slave lake is possible 
by boat in the summer and snowmobile in the winter (GNWT 2019). Łutsël K’é Dene First Nation 
is a recognized First Nation under the Indian Act and a Designated Authority under the Northwest 
Territories Municipal and Community Affairs (GNWT 2019). Łutsël K'e Dene First Nation is 
governed under a custom electoral system with a Chief and six councilors. Łutsël K'e Dene First 
Nation is a member of the Akaitcho Territory Government. 

As of 2016, Łutsël K’é Dene First Nation had a registered population of 300 (INAC 2019). The 
main languages spoken are Denesoline and English. The community is served by an RCMP 
detachment, a healthcare centre, the Łutsël K’é Co-op, and a post office. Łutsël K’é Dene School 
provides public education from K-12 (Weitzner 2006). 

8.2.2.3 Kitikmeot Inuit Association 

The Kitikmeot Inuit Association (KIA) is a non-governmental organization with head offices in 
Cambridge Bay, Nunavut. The KIA actively engages in business development and represents the 
political sensibilities of Inuit people in the region. The the affected communities of Kugluktuk, with 
a population of 1,491, as well as Bathurst Inlet, a seasonal Inuit community known as the 
traditional birthing place for the Bathurst caribou herd, are considered to be in the western 
Kitikmeot Region. The larger Kitikmeot Regionencompasses the southern and eastern parts of 

https://en.wikipedia.org/wiki/Great_Slave_Lake
https://en.wikipedia.org/wiki/Chipewyan_language
https://en.wikipedia.org/wiki/English_language
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Victoria Island. It is home to several communities, parks, and a bird sanctuary). Politically, the 
Kitikmeot Region is one of three census divisions and has four electoral districts. It supports a 
predominantly Inuit population, with a total population of 6,543 (Statistics Canada 2017). 

8.2.2.4 North Slave Métis Alliance 

The North Slave Métis Alliance (NSMA) is a non-profit organization that represents Aboriginal 
rights-bearing Métis people of the Great Slave Lake area, Northwest Territories, who practice 
traditional activities, including hunting, fishing, and gathering, in the region north and east of Great 
Slave Lake (NSMA 2019a). It was registered as a non-profit society in 1996, and focuses on 
negotiating a comprehensive claim in the North Slave Region of NWT (NSMA 2012). The NSMA 
administrative offices are located in Yellowknife, and employ staff and a Board of Directors (NSMA 
2019a). The NSMA has a Lands Department which is mandated to protect the environment while 
facilitating and preserving Métis territorial interests (NSMA 2019b). The NSMA is active in 
community outreach and capacity building, and among other activities, has sponsored a family 
travel program aimed at enhancing monitoring capacity near the Gahcho Kue Diamond Mine 
(NSMA 2019b). 

8.2.2.5 Yellowknives Dene First Nation 

Yellowknives Dene First Nation (Band No. 763) are a primarily Dogrib-speaking Dene group 
(Yellowknives Dene First Nation 2019). They are historically associated with regions that range 
between Coppermine and Yellowknife River, to Great Slave Lake and into the Barren Grounds of 
the Northwest Territories. Descendants of the Yellowknives Dene First Nation were signatories of 
Treaty 8 at Fort Resolution in 1900 (Gillespie 2012). The communities of Yellowknives Dene First 
Nation are located at Dettah, which lies on the northern shore of Great Slave Lake approximately 
5 km east of Yellowknife, and N’dilo, located at the north end of Latham Island adjacent to 
Yellowknife.  

As of March 2019, Yellowknives Dene First Nation has a registered population of 1,589 (CIRNAC 
2019). Yellowknives Dene First Nation is governed under a custom electoral system by two Chiefs 
and ten councilors. Yellowknives Dene First Nation are members of the Akaitcho Territory 
Government (Akaitcho Treaty 8 2019).  

8.2.3 Availability of Traditional Resources for Cultural Use 

Indigenous knowledge holders offered views regarding use of traditional resources, including 
animals, fish, traditionally used lands and bodies of water. As noted by one Indigenous participant, 
“We live off the meat of the caribou and the fish” (Thorpe Consulting 2016). Lac de Gras was 
named as an important source of fish and drinking water, and Indigenous participants in the 
Aquatic Effects Monitoring Program (AEMP) TK Study were satisfied with the state of the lake, in 
terms of the quality of its waters and fish, and were comfortable drinking water and eating fish 
that originate there (Thorpe Consulting 2019). Participants also noted that the “…status of the fish 
and water in Lac de Gras adjacent to the Diavik Mine is good and better than expected, particularly 
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given the proximity to industrial activity” (Thorpe Consulting 2019). Having access to traditional 
resources such as wildlife and fish is important to Indigenous groups and an area such as 
Nàk’ooɂaa (the Narrows) between Ek’ati and [Nàk’ooɂaatı] Lac du Sauvage is considered to be 
an important area for wildlife (Thorpe Consulting 2016).   

Water 

Access to clean, healthy water is of primary importance to Indigenous groups engaged on the 
project. As one participant noted, “Besides caribou, water is the most important resource to the 
Dene people… the water in these rock crevices [near eskers] is the best—it is really clean and 
cold. Even in the middle of the summer you will find good water in there” (Golder 2014). 
Indigenous uses for water include transportation, drinking, fishing, cleaning, and preparing hides 
and other materials (Golder 2014).  

Indigenous participants of various TK studies noted that the quality of water at Lac de Gras was 
historically and continues to be high. One participant from the 2019 AEMP study, speaking about 
Lac de Gras, commented, “Yeah, the water still tastes great. It is pure water, and this is a huge 
lake. It has really good water, so I hope it stays the same forever, because it is a huge lake and 
it also goes to all of our only water source” (Thorpe Consulting 2019). Other study participants 
have said, “The water at Ek’ati is good. It tastes good; we do not have to add anything to make it 
taste better. It is almost like ice water” (Golder 2014), and still others have indicated that Lac de 
Gras is a valued water resource (Golder 2014). For participants of the West Kitikmeot Slave 
Study, water quality in Inuit traditional territory has remained largely unchanged (SENES 
Consultants Ltd. 2007). For others still, the water has its own social life, and that is reflected in 
the way it looks and tastes: “For me, I think the water is happy because it is still fresh… It has not 
been destroyed by anything, even though the mine is here. I feel like the water is fresh. If I was 
coming every year, it might be a different answer maybe” (Thorpe Consulting 2019). 

Indigenous groups also noted that water is deserving of respect – it has global importance, and a 
clean supply must be preserved for future generations (Thorpe Consulting 2016). One TK panelist 
remarked that the “...most important subject I see today is the water. Because without water we 
cannot survive, neither will animals” (Thorpe Consulting 2018). With regard to the PKMW Project, 
the TK panelists recognized the importance of water to all life and questioned how water quality 
might be affected by contact with PK (Thorpe Consulting 2018). One TK panelist asked: “Once 
the PK product and the water is being mixed in the underground chambers, I wonder what the 
water quality would be like?” (Thorpe Consulting 2018). Another remarked, “We are talking about 
the importance of the water. This is our land. That our land won’t be so disturbed that we’ll have 
it forever and we are not talking for ourselves, we are talking for our future, that we would always 
have the water clean” (Thorpe Consulting 2015).  
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Wildlife 

Access to healthy caribou herds is a prime concern for Indigenous groups in the Lac de Gras 
region. Indigenous participants in the AEMP TK Study identified caribou as an important species 
for traditional use for many Indigenous groups in the Lac de Gras region (Thorpe Consulting 
2018). Some of these same participants observed caribou trails and commented that there were 
lots of caribou at the Narrows (Thorpe Consulting 2018). As stated in TK Panel Session #9 
“Concern for caribou is particularly personal for the TK Panel members who told of the close 
relationship between people and caribou and how northerners have long depended on caribou 
for cultural, spiritual, and economic well-being as well as for subsistence purposes” (Thorpe 
Consulting 2016). Study participants made statements such as “caribou is the most important 
animal to the Dene; they cannot survive without caribou” (Golder 2014). Numerous Indigenous 
groups respect and rely heavily on caribou for survival, as it forms an important part of the diet 
(Golder 2014). TK Panel Session #1 described the close relationship between people and 
caribou, noting that caribou is at the center of life in many stories of their history (SENES 
Consultants 2012). While valued as a nutrient source, caribou are also utilized for their antlers, 
which is used to make medicine and tools, and their hides, which are formed into clothing (SENES 
Consultants 2012a). 

Indigenous groups reported caribou presence near Lac de Gras. The Narrows between Lac de 
Gras and Lac du Sauvage and the Lac du Sauvage esker were identified as caribou migration 
routes (Golder 2014). One panelist from Session #2 stated that “Diavik Diamond Mine sits right 
in the middle of the great caribou migration path, right in the centre… They don’t migrate further 
east or further west… That’s why the caribou are always up at Lac de Gras during the summer, 
sometime in early or late July” (SENES Consultants 2012). Caribou use of the Narrows between 
Lac de Gras and Lac du Sauvage was expected to increase as the animals attempt to avoid active 
mining operations (Golder 2014). Other study participants point to Lac de Gras as important 
resting and grazing areas for the migrating caribou, one that falls in the middle of a spring 
migration route. TK Panel Session #1 noted there were always caribou around Lac de Gras and 
Łutsël K'e in the months of August through November (SENES Consultants 2012a). Participants 
in the West Kitikmeot Slave Study noted that the eastern part of NWT is a migratory and wintering 
region for the Bathurst caribou herd (SENES Consultants 2008). 

Indigenous groups noted that caribou herds are traditionally managed by a system governed by 
traditional laws dictating how to treat caribou and maintain the relationship between people and 
caribou (SENES Consultants 2012a). Participants described caribou herds as families, ones 
made up of leaders and followers, and all with various roles (SENES Consultants 2012a). As a 
result, caribou ‘leaders’, were not frequently hunted, as they are considered important to herd 
maintenance (SENES Consultants 2012a; Thorpe Consulting 2016). Caribou harvest traditionally 
occurred in spring or fall, with cows being taken during rutting season; however, this has changed 
in response to declining caribou populations (SENES Consultants 2012a). 
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With regard to the PKMW Project, Indigenous participants registered a number of concerns about 
caribou related to traditional knowledge. Caribou are understood to possess sharp senses and 
are sensitive to noise, dust, pollution or contaminants (Thorpe Consulting 2016). Participants in 
the TK Panel noted caribou have sensitive feet and cannot easily walk over rocky areas, instead 
preferring sandy regions, such as the top of eskers (SENES Consultants 2012a). Increased noise 
resulting from the project is a concern, as it was noted by TK panelists that caribou “spook easily 
and stress changes behavior and taste of meat” (Thorpe Consulting 2016). Another TK panelist 
when describing how the caribou have started to come back to Ekati said “…[i]t takes them time 
to deal with the noise” (Thorpe Consulting 2018). The TK Panel also noted concerns with caribou 
safety near and in open pits and on roads (Thorpe Consulting 2018). When discussing the 
presence of caribou at mine sites, one panelist noted that caribou enjoy being around people and 
might associate the project area with a form of protection from predators such as grizzly bears 
and wolves (SENES Consultants 2012a). 

Fish 

Fish are an important food source for many Indigenous groups engaged on the PKMW Project. 
As noted in the West Kitikmeot Slave Study, “Virtually all Indigenous households (91%) in the 
NWT consume meat and fish harvested from the land… all community residents in Łutsël K’é 
consume meat and fish harvested from the land” (SENES Consultants 2008). A number of study 
participants are reliant on fish to provide dietary variety, with one participant indicating, “Next to 
caribou, fish was and remains one of the most important food sources for the Métis. It is an 
important source of food for people and their dogs; almost every Métis owns a fish net” (Golder 
2014). Panel members from TK Session #8 indicated that Lac de Gras has “good spawning 
habitat” for fish (Thorpe Consulting 2015). Panel members in Session #2 described Dene laws to 
show respect for fish, including the proper disposal of fish bones (SENES Consultants 2012a). 

8.2.4 Access to Traditional Resources or Areas for Cultural Use 

Travel by land and water continues to be an important activity for Indigenous groups in the region. 
Indigenous groups have historically travelled seasonally throughout the region to harvest 
traditional resources and access cultural sites and areas. Indigenous participants in the Ekati Jay 
Project Traditional Land Use and Traditional Knowldege baseline study noted use of trails that 
originated from Great Slave Lake and led to Lac de Gras, as well as those which led to the Lac 
du Sauvage Narrows (Golder 2014). Some study participants traditionally traveled into the 
barrenlands using four main trails that lead north to the Lockhart River at Tha Gai Kué [MacKay 
Lake] and Tla K’ai Kué [Aylmer Lake] (Golder 2014). Trails that led north from Great Slave Lake, 
around the Yellowknife River and the Cameron River, through Artillery Lake, the Beaulieu River, 
and McKinley River were also used (Golder 2014). Other participants access barrenlands using 
several traditional trails stemming from Great Slave Lake (Golder 2014).  

In order to assist with navigating the landscape, some knowledge holders used stone markers to 
mark key harvesting places (fishing, hunting or gathering), and designate travel routes and burials 
(Golder 2014; SENES Consultants 2012a). As well, other traditionally used markers, such as 
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trees, rocks, fences, were employed to best direct caribou movements for Indigenous needs, 
including moving them out of areas to be avoided (SENES Consultants 2012a; Thorpe Consulting 
2016). 

Fish are highly valued as a traditional resource, and for many Indigenous participants, “Lac de 
Gras is known as a good source of large, old, fat fish” (Golder 2014). Other study participants 
have also identified Lac de Gras as an important source of fish (Golder 2014). Fish are a 
nutritional resource and Lac de Gras is a destination for Indigenous groups, including a participant 
who identified “the Narrows between Lac de Gras and Lac du Sauvage as the best area to find 
fish” (Golder 2014). Lac de Gras is also a source of wildlife, and has traditionally been an 
important source of caribou (Golder 2014). 

8.2.5 Cultural Use Sites or Areas 

Indigenous groups engaged on the PKMW Project are highly reliant on caribou, fish, and clean 
water supplies, as well as trails and travelways that permit access to these traditional resources. 
Such traditional activities are practiced in a variety of cultural use sites and areas, some of which 
have been identified in the TK studies. With regard to caribou hunting, “The island where the 
Diavik Mine is now located and another island to the west are together known as Ek’ati Ndi and 
were traditionally used to camp, hunt caribou, fish, and cache meat and furs” (Golder 2014). 
Hunters follow the caribou, and Indigenous groups have noted that the mine is located in the 
middle of a caribou migration path and caribou end up at Lac de Gras in the summer (early to late 
July) and like the island because of the soft ground (SENES Consultants 2012a). 

Indigenous participants in the AEMP TK Study noted that the Narrows is an important crossing 
area for caribou and would have been a site of past traditional use (Thorpe Consulting 2019). As 
noted by an Indigenous participant, “The land around the North Inlet is where we get tons 
of…caribou, it is a pretty nice little lush area so the land around the North Inlet gets used a lot” 
(Thorpe Consulting 2019). Other knowledge holders identified the island that houses Diavik Mine 
as Ɂek’adı, and adjacent Lac de Gras as Ɂek’atı (SENES Consultants 2012a). The island is 
described as very important because it provides shelter for caribou and their calves. It is also 
described as good caribou habitat because the island is mostly composed of muskeg and esker. 
Young caribou do well there because of the relative safety of the island (SENES Consultants 
2012a). It was also noted that Dene people have hunted caribou there (ibid). 

Lac de Gras has a number of traditional names, including Fat Lake in English, Ɂek’atı in Dene; 
Kwèka’tı̀ in Tłı̨chǫ; “Tahikpak” in Inuinaqtun; Łuecho Kúé or Łuezáné in Dënesųłiné; and François 
Beaulieu Lake by Métis (SENES Consultants 2012). The Dene have traditionally referred to it as 
“Ti Cho, meaning ‘large lake’. The western most peninsula of the large island in the Lac de Gras 
is translated to mean “pointing in the direction of Great Slave Lake” (Golder 2014). The lake has 
been identified as a central and important location for the study participants due to the presence 
of caribou in the late summer and early fall, when they are the most wanted (Golder 2014). The 
Lac de Gras Narrows is an important traditional resource area, one where wildlife, birds, and fish 
can be harvested (Golder 2014).  
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Traditional hunting areas in the Narrows between Ek’ati (Lac de Gras) and Nòdixati (Lac du 
Sauvage) have been identified by study participants (Golder 2014), while Contwoyto Lake has 
been described as a traditional gathering place for Inuit and Dene (SENES Consultants 
2012a:10). This same area has value for many Indigenous groups, and is understood as a place 
where “People camped near areas where caribou, fish, and water were available such as at the 
Lac du Sauvage and Lac de Gras Narrows (known traditionally as ‘standing willow place’), on 
small bays along the shore, and on islands with channels where swift currents kept the water 
open in winter. Islands are a preferred camp location because they offer protection against insects 
and predators, especially bears, and are a good location to hunt migrating caribou” (Golder 2014). 
Study participants noted that although the Narrows are an important place for hunting and fishing, 
the Dene people did not camp there, as it was understood as dangerous for children and camping 
was considered disrespectful to the many animals that use the area (Golder 2014; Thorpe 
Consulting 2016).  

In the Ek’ati mine area, study participants identified markers for burials and noted how eskers 
were utilized as gravesites (Golder 2014). 

8.3 PROJECT INTERACTIONS WITH CULTURAL USE 

Table 8-3 identifies, for each potential effect, the physical activities that might interact with cultural 
use and result in the identified environmental effect. These interactions are indicated by check 
mark and are discussed in detail in Section 8.4, in the context of effects pathways, standard and 
project-specific mitigation, and residual effects. A justification for no effect is provided in the sub-
sections following the table.  

Table 8-3: Project-Environment Interactions with Cultural Land Use Post Closure - TLU 

Physical Activities 

Environmental Effects 

Change in 
availability of 
resources for 
cultural use 

Change in 
access to 

resources or 
areas for 

cultural use 

Change in sites 
or areas for 
cultural use 

Construction 

Activity 1 - Construction of a slurry pipeline from 
processing plant to mine workings 

– – – 

Operation 

Activity 1 - Deposition of fine PK and/or extra-fine PK to 
mine workings 

– – – 

Activity 2 – Management (decanting) of PK porewater 
from mine workings 

– – – 
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Table 8-3: Project-Environment Interactions with Cultural Land Use Post Closure - TLU 

Physical Activities 

Environmental Effects 

Change in 
availability of 
resources for 
cultural use 

Change in 
access to 

resources or 
areas for 

cultural use 

Change in sites 
or areas for 
cultural use 

Closure 

Activity 1 - Infilling of mine workings with water from Lac 
de Gras 

  – 

Activity 2 - Natural stabilization of water in pit lakes; 
monitoring of water quality in pit lakes prior to 
reconnection to Lac de Gras 

  – 

Activity 3 - Breaching of dike(s) and mixing of pit lake 
water(s) with Lac de Gras 

   

Post-closure 

Activity 1 - Ongoing monitoring in the pit lakes and Lac de 
Gras during ongoing interaction between deposited PK 
and lake water 

   

NOTES: 
 = Potential interaction 
– = No interaction 

No effects on cultural use are predicted for physical activities associated with construction and 
operations. This is due to the fact that project activities will take place largely within the PDA which 
is comprised of the existing mine. No additional habitat loss is expected because the PK slurry 
pipeline(s) will be constructed on previously disturbed lands within the existing PDA. Existing 
personnel and equipment will be used and therefore, there will be no additional effects from 
vehicles or human disturbance. Noise and light emissions are not expected to increase during 
construction or operations beyond levels assessed in the 1998 Comprehensive Study. FPK will 
be transported and deposited into the mine workings using the slurry pipeline and therefore no 
opportunities for wildlife to come into contact with FPK. Consequently, the wildlife and wildlife 
habitat assessment predicts that there will be no measurable change in wildlife habitat, sensory 
disturbance, change in movement patterns, or increased mortality risk for barren-ground caribou, 
peregrine falcon or aquatic and migratory birds during construction and operations phases of the 
PKMW Project. 

Similarly, there are no potential interactions that will affect fish or fish habitat during operations 
because mine workings will remain isolated from Lac de Gras  
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8.3.1 Analytical Assessment Techniques 

The assessment of residual environmental effects on cultural use presents project interactions 
and pathways, mitigation measures and residual effects for each potential project effect on 
cultural use. 

Cultural use depends on the conditions for traditional activities and practices being present, that 
is, that traditional resources are available to be harvested and lands are accessible including 
sites, such as harvesting areas. The effects assessment considers change in the distribution, 
diversity and abundance of traditionally used resources, access to those resources and areas, 
and changes to the sites and areas themselves. The assessment of the PKMW Project effects on 
cultural use considers the conclusions from the wildlife and wildlife habitat, fish and fish habitat, 
and water quality assessments where they apply to the potential project effect on cultural use. 
Information gathered from TK Panel Sessions and other project documents (including TK Studies 
completed for the Diavik Diamonds Project) is also considered where potential interactions have 
been identified by Indigenous groups in relation to the PKMW Project. Information from publicly 
available sources was also considered where Indigenous groups have identified potential 
pathways on other development projects that could occur on the project. This assessment 
acknowledges that Indigenous groups may choose not to practice traditional activities or use 
traditional sites and areas near the PKMW Project for various cultural, aesthetic, or spiritual 
reasons and this is also considered. 

8.3.2 Change in Availability of Traditional Resources for Cultural Use 

8.3.2.1 Project Pathways 

The PKMW Project has the potential to affect the availability of traditional resources for cultural 
use during closure and post-closure. Loss or alteration of traditionally used animals and fish could 
result from ingestion of contaminated water through changes in pit lake water quality. Loss of fish 
could occur through a change in the suitability of the pit lakes for fish and reduction in total fish 
habitat. Loss or alteration of drinking water for cultural use could occur through change to water 
quality in Lac de Gras. Finally, potentially affected Indigenous groups could identify perceived 
change in value of availability of traditional resources for cultural use.  

These potential pathways have also been identified by Indigenous groups engaged on the PKMW 
Project. The Final Scope and Reasons for Decision states that feedback provided by Indigenous 
groups indicated “that Lac de Gras was and continues to be highly valued by Indigenous groups 
for cultural and traditional uses” (PR #40) (MVEIRB 2019). During the scoping phase conducted 
by MVEIRB, Indigenous groups commented that the whole area was used for traditional activities 
like fishing (PR #34). 

Indigenous groups engaged on the PKMW Project identified potential effects to caribou as a 
concern, expressing concerns about effects on caribou health and safety of caribou. In TK Panel 
Session #1, members noted potential impacts to caribou related to the mine such as injury from 
road traffic or rock piles, ingestion of toxic waste, and contaminated water (SENES Consultants 
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2012a). Other concerns included increased animal attractants from the camp and that a ban on 
hunting or loss of caribou leads to a loss in cultural practices and knowledge (ibid). Indigenous 
participants in TK Panel #11 questioned whether the water in the mine workings would be safe 
for caribou to drink and voiced concerns about caribou drinking contaminated water (Thorpe 
Consulting 2016). Indigenous participants on TK Panel #11 also debated whether caribou should 
be encouraged to return to the Lac de Gras area; participants were divided, with some advocating 
for deterrence of caribou from the area, and others in favour of facilitating the return of caribou 
after mine closure (Thorpe Consulting 2016).  

Indigenous participants in the AEMP TK Study stated they observed more cysts and worms in 
fish caught in Lac de Gras and that this may be a result of effects from the mine (Thorpe 
Consulting 2019). Other participants noted the potential impact of unsafe ponds on wildlife and 
birds (Thorpe Consulting 2016). TK Session #11 panelists also voiced concerns about keeping 
caribou away from the mine workings until it was known that the water was safe to consume 
(Thorpe Consulting 2018). Due to the importance of fish as a food source and traditional use 
resource, the TK Panelists in Session #11 voiced concerns about PK coming into contact with 
fish and fish habitat in Lac De Gras and wondered how that could impact fish gills and ingestion 
(Thorpe Consulting 2018). They also asked for clarification regarding PK contaminants post-
closure, prompting DDMI to perform PK toxicological tests (Thorpe Consulting 2018). Panel 
members in Session #11 indicated they had been told that PK is non-toxic, but concerns remained 
about the duration of monitoring the environmental effects of PK after the mine has been closed 
(Thorpe Consulting 2018). 

Contamination in the mine area remains a concern for Indigenous participants, especially as 
related to water. Additionally, the stability of the open pits and underground areas are a primary 
concern (Thorpe Consulting 2018). TK Panel #8 members expressed concerns about the quality 
of water within dikes post-mine closure. One participant noted that people were unlikely to 
consume the water from such affected areas, but thought that it would be prudent to continue to 
monitor the water quality and educate youth in the area (Thorpe Consulting 2015). Other Panel 
members were concerned about specific fish life-cycle needs, advising that the presence of algae 
on shorelines be monitored in the event of its abundance signaling a lack of oxygen for fish 
(Thorpe Consulting 2015). Panelists also shared concerns regarding the long-term plan of mine 
workings, and how they would be filled and whether they would support fish habitat (Thorpe 
Consulting 2015). 

TK Panel members in Session #11 expressed concern over nutrient loading in water and 
discussed ways to minimize the suspension of PK and ensure it remained on the bottom of the 
mine workings, suggesting the process needs to be carefully monitored (Thorpe Consulting 2018). 
Concerns with impacts to water generally were also identified and it was observed that the hamlet 
of Kugluktuk utilizes water that originates in Lac de Gras, so contamination is possible (Thorpe 
Consulting 2018). 
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TK Panel members raised concern over the possible effects of wind on mixing the PK once the 
dikes were connected to Lac de Gras. Other members commented on how climate change has 
changed wind patterns and that winds are now stronger than they once were (Thorpe Consulting 
2018). One member concluded, “We may want to have a clearer understanding of the prevailing 
winds… so we might be able to predict the water disturbance within those pit areas” (Thorpe 
Consulting 2018). 

Indigenous participants also expressed concerns about the possible effects of PK on Lac de Gras, 
including rendering it a ‘dead lake’. TK Panelists discussed sediments at the lake bottom that 
would contain contaminants and suggested ways to minimize the suspension of PK. There was 
a general consensus among participants that fish go where food and nutrients can grow, and for 
some species, such as ling cod and sculpin, that can be very deep (Thorpe Consulting 2018). 
Other panelists had additional concerns with minnows that might feed on the bottom and microbes 
that would mix with Lac de Gras. 

TK Panel members in Session #11 generally agreed that the PK slimes (EFPK) should be 
disposed of underground, which is understood as safer than above ground (Thorpe Consulting 
2018).  Members raised concerns that caribou, birds, geese, ground squirrels, grizzly bears, 
wolves and ducks could become enmired in the PK slimes on the surface (Thorpe Consulting 
2018).  Other participants noted that their knowledge of PK was limited, and further testing was 
required before making decisions about how best to handle it (Thorpe Consulting 2018). 

8.3.2.2 Mitigation 

DDMI had proposed mitigation measures for wildlife and wildlife habitat, fish and fish habitat that 
will serve to avoid or reduce effects to the distribution, diversity and abundance of animals and 
fish; these measures will also help mitigate effects to the availability of traditional resources for 
current use. 

Wildlife and wildlife habitat (Section 6.4.2.2): 

• Water quality monitoring to assess potential changes in water concentrations of chemical 
constituents, which will reduce the potential risk to wildlife health 

• Wildlife monitoring to assess potential interactions of wildlife with potential contaminates   

Fish and fish habitat (Section 5.4.2.2): 

• Covering the PK and porewater in each mine working with a freshwater cap sufficient to 
establish stratification of pit lakes over a period of 100 years 

• Not breaching the dikes to connect the pit lakes to Lac de Gras until monitoring shows that 
water constituents in pit lakes are below Canadian Water Quality guidelines for the 
Protection of Aquatic Life (CCME 2019) and/or the Aquatic Environmental Monitoring 
Program (AEMP) Effects Benchmarks (Golder 2017a) 
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Additionally, mitigation measures included in the Interim Closure and Reclamation Plan Closure 
and Reclamation Plan [ICRP] (DDMI 2011) will reduce potential effects on wildlife during closure 
including: 

• Remove any observed wildlife from pit/dike areas before infilling in accordance with 
applicable guidelines and/or regulations  

• Monitor area for approaching wildlife during infilling  
• Employ deterrents as required to reduce risks to wildlife  

The wildlife and wildlife habitat assessment also identifies strategies for modifying behavior and 
discouraging wildlife from approaching or gathering at pit lakes during the infilling process 
(Section 6.4.2.2).  

During the TK Panel Sessions 1, 2, 8, 9 and 11, potentially affected Indigenous groups 
recommended a number of possible mitigation measures that would help avoid or reduce effects 
to availability of traditional resources for cultural use. These relate to sharing information with the 
TK Panel and involving Indigenous groups in decision-making, protecting the health and vialbiltiy 
of animal and fish populations that may be affected by PKMW Project activities, and monitoring 
of wildlife, fish and water post-closure. Specifics about these recommendations can be found on 
the PK Panel Sessions noted above. 

8.3.2.3 Project Residual Effects  

As noted in Section 7.2.3, Indigenous groups engaged on the project identified an interest in 
traditionally harvested resources, including caribou, waterfowl, fish and water bodies in the area 
of Lac de Gras and have expressed concern that project activities could affect the safety, quality, 
and health of traditional resources. Residual project effects were assessed for change in wildlife 
health (Section 7.4.2), change in fish mortality and change in fish habitat (Section 6.4.2 and 6.4.3) 
and change in water quality (Section 4.4). Residual effects to the distribution, diversity and 
abundance of wildlife and fish, and effects to water quality could have a consequent effect on the 
availability of traditionally resources for cultural use. 

The wildlife and wildlife habitat assessment (Section 7) considers potential effects to wildlife 
health through a change in water quality within the pit lakes prior to re-connection with Lac de 
Gras as well as mixing of pit lake surface water(s) with Lac de Gras at closure and post-closure. 
Residual effects to wildlife are assessed on the basis that DDMI does not proceed with depositing 
PK to mine workings under scenarios where: lake stratification is not established or maintained; 
or, AEMP benchmarks are exceeded. (as discussed in section 4.4.1.3) 

The PKMW Project is not predicted to pose a direct or indirect health risk to barren-ground 
caribou, aquatic and migratory birds (e.g., waterfowl) or peregrine falcon because the levels of 
potential contaminants in water are expected to be very low and the waters in Lac de Gras are 
predicted to be safe for people, fish and wildlife. The wildlife and wildlife habitat assessment 
concludes that residual effects on wildlife health are predicted to be negligible in magnitude, short 
in duration, and restricted to a single event associated with pit lake infilling. Following closure and 
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infilling of mine workings, waterfowl and water birds are expected to resume the use of these 
areas of Lac de Gras. 

The fish and fish habitat assessment (Section 6) considers residual effects that may result in an 
increase in fish mortality and a loss of fish habitat. The PKMW Project could result in an increase 
in fish mortality through killing fish impinged on intake pump screens or entrained in pumps when 
pumping water from Lac de Gras into the mine workings during closure as well as through chronic 
or acute toxicological effects to fish due to changes in water quality. With the installation of fish-
screens on the pump intakes, the number of fish dying from entrapment as water is pumped into 
the mine workings is predicted to be very small and only a tiny fraction of juvenile fish entering 
the fish population in the year that pumping is to occur. Toxicological effects from deposition of 
PK into the mine workings is not expected to have residual effects on fish in the pit lakes or in Lac 
de Gras. This is because the pit lakes are expected to become permanently stratified such that 
there is no mixing of PK or porewater with freshwater. As well, fish will be prevented from entering 
the pit lakes until monitoring shows that water quality parameters are acceptable. Further, no 
measurable effect on fish survival growth or health in Lac de Gras is predicted because no 
contamination of the lake from the pit lakes is expected. Any contamination of Lac de Gras that 
might occur would be diluted within the LAA to the extent that any change in concentrations would 
not be measurable. Overall, the fish and fish habitat assessment concludes that change in fish 
mortality will be negligible in magnitude, limited to the LAA, short-term to long-term in duration, 
and restricted to a single event.   

The PKMW Project could result in a loss of fish habitat by changing the suitability of the pit lakes 
for fish and by reducing the total habitat available to fish if the pit lakes are never reconnected to 
Lac de Gras. As mentioned above, the pit lakes are expected to become stratified where water 
quality in the top 40m is below AEMP benchmarks and therefore suitable fish habitat. If the pit 
lakes were not to be connected to Lac de Gras post-closure, effects on fish habitat are predicted 
to be negligible because the potential loss of habitat in Lac de Gras would be very small (<1%) 
and any net loss of habitat would be offset by new habitat creation, enhancement, or restoration 
projects. Overall, the fish and fish habitat assessment concludes that change in fish habitat due 
to infilling of the mine workings would be low in magnitude, limited to the LAA, medium term in 
direction, and restricted to a single event. Change in fish habitat due to not connecting the pit 
lakes to Lac de Gras would be negligible in magnitude, limited to the LAA, long-term in duration, 
continuous. 

The water quality assessment (Section 4.0) considers residual effects that could result in a 
change in water quality over time in Lac de Gras due to changes in water quality in the flooded 
mine works. Constituents in pit lakes A418 and A154 (scenarios 2a, 3a and 4a) and A21 
(scenarios 2a and 4a) are anticipated to be below AEMP benchmarks for all scenarios is surface 
waters. In pit lake A21 scenario 3a, nitrate is anticipated to exceed the AEMP benchmarks for a 
short duration.  However, for pit lakes A418 and A154 (all scenarios) and A21 (scenario 2a and 
4a), no residual Project effects on the aquatic environment within the pit lakes are predicted during 
closure and post-closure. For pit lake A21 (scenario 3a) modelling predicts an adverse high 
magnitude effect of moderate duration within the PDA during closure and post-closure. Based on 
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the modelling and the significance definition developed by CEAA (1999), with application of 
mitigation and environmental protection measures, the residual environmental effects on water 
quality are predicted to be not significant for the pit lakes (A418, A154 and A21) for all scenarios 
of PK deposition modelled.   

Residual effects on wildlife, fish, and water have the potential to affect the activities that are 
supported by these resources, including hunting, fishing, and cultural use of water. Overall, the 
residual effects of the PKMW Project on the availability of traditional resources for cultural use 
are predicted to be negligible in magnitude. PKMW Project activities will be restricted to the PDA 
for the existing mine therefore no additional terrestrial habitat loss and no additional sensory 
disturbances are expected. During closure and post-closure, water quality parameters will be 
monitored and are not expected to affect the health of wildlife or fish. With mitigation and 
environmental planning measures, residual effects on wildlife and fish will not pose a threat to the 
long-term persistence and viability of species relied upon for cultural use in the RAA.  

However, appropriate conditions for current use entail more than the availability of traditional 
resources and this assessment acknowledges that Indigenous groups may choose not to pursue 
cultural use activities near the mine site for a variety of personal, practical, aesthetic, and spiritual 
reasons. Participants of the TK Panel Studies and the TLU studies also indicated concerns with 
perceived effects of further development on wildlife, birds, fish, and water quality. Indigenous TK 
Panel #2 Participants also expressed concern about hunting in the area after mine closure and 
wondered if eating caribou from the area could make people sick or cause cancer (SENES 
Consultants 2012a).  

The TK Panel Sessions have been an effective forum for Indigenous groups to bring forward their 
perceptions about the safety, quality, and health of Lac de Gras. As noted in Section 7.2.2, 
Indigenous participants in the recent AEMP TK study found the health of the fish and the quality 
of the water in Lac de Gras to be good overall and better than expected close to the existing mine. 
One participant stated: “It was really nice to see with my own eyes that the fish and water here 
are healthy instead of reading reports… We share the same lifestyles, we use the fish, and the 
weather and things aren’t different for us. It is nice to see the fish and water are healthy” (Thorpe 
Consulting 2019). Indigenous participants indicated that after a tour of the underground mine 
workings helped allay fears about containment of PK (Thorpe Consulting 2018).  

The residual adverse effects of the PKMW Project on the availability of traditional resources for 
cultural use are predicted to be adverse, negligible in magnitude, limited to the LAA, short-term, 
and reversible.  
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8.3.3 Change in Access to Resources or Areas for Cultural Use 

8.3.3.1 Project Pathways 

The PKMW Project has the potential to affect access to traditional resources or areas for cultural 
use during closure and post-closure activities. Since project activities will be restricted to the 
existing mine footprint, terrestrial habitat or sites will not be disturbed outside the PDA. No effects 
on wildlife habitat are predicted that could result in an effect on access to traditional resources or 
areas.  Loss or alteration to access to fishing areas for cultural use could occur through a reduction 
in littoral habitat in Lac de Gras and the Coppermine River, and through a reduction in total fish 
habitat. Potentially affected Indigenous groups could also identify perceived change in value of 
access to traditional resources for cultural use. 

These potential pathways have also been identified by Indigenous groups engaged on the PKMW 
Project. The Final Scope and Reasons for Decision states that feedback provided by Indigenous 
groups indicated “that Lac de Gras was and continues to be highly valued by Indigenous groups 
for cultural and traditional uses”(PR # 40) (MVEIRB 2019). During the scoping phase conducted 
by MVEIRB, Indigenous groups commented that the whole area was used for traditional activities 
like fishing (PR #34). As noted above in Section 7.2.4, Indigenous groups explained that Lac de 
Gras is known as a good source of fish and the Narrows was noted as an especially good area 
to fish. Apart from the Narrows, Indigenous groups engaged on the PKMW Project have not 
identified specific fishing sites or areas on Lac de Gras where access might be impeded or altered 
by the project. However, this assessment adopts a conservative approach and assumes that there 
is the potential for fishing sites or areas used by Indigenous groups to occur within the LAA. 

8.3.3.2 Mitigation  

Mitigation for change in access to resources or areas for cultural use are the same as the 
mitigations identified for fish habitat noted above in Section 7.4.2.2 and are not repeated here for 
brevity.  

8.3.3.3 Project Residual Effect 

As noted in Section 7.2.4, Indigenous groups engaged on the PKMW Project have identified Lac 
de Gras as an important area for past and current traditional use. Lac de Gras is on an important 
travel route from Yellowknife to the barrenlands and it is identified as a reliable place for caribou 
and fish. The Narrows between Lac de Gras Lac du Sauvage is described as the best area to find 
fish (Golder 2014). The fish and fish habitat assessment considers potential effects to fish habitat 
through changes in littoral habitat, change in habitat in the Coppermine River, and change in total 
habitat area for fish which could also result in a residual effect on access to fishing areas for 
cultural use. 
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As presented in section 5.0, if rates of withdrawal of water from Lac de Gras for infilling of mine 
workings are are consistent with those of the ICRP, infill of the mine workings under the PKMW 
Project will take less time, and will require less water than in scenarios where no PK is deposited 
in mine workings. Therefore, PK deposition will have effects on the volume and outflow of Lac de 
Gras of lesser magnitude and shorter duration than those associated with the current ICRP.   

To reduce the potential for residual effects on access to fishing areas for cultural use, withdrawal 
rates that are protective of the aquatic environment will be established in discussion with 
regulators for the PKMW Project.  

If the pit lakes are not ultimately connected to Lac de Gras, total habitat area for fish would 
decrease by <1% from the pre-mine area of Lac de Gras and there would be a relatively small 
decrease in the total area of spawning, nursery, rearing and foraging habitat for large-bodied fish. 
DDMI has committed to a no-net-loss plan and any loss of fish habitat would be offset by habitat 
creation, enhancement, or restoration projects. 

Overall, the fish and fish habitat assessment concludes that change in fish habitat due to infilling 
of the mine workings would be low in magnitude, limited to the LAA, medium-term in direction, 
and restricted to a single event. Change in fish habitat due to not connecting the pit lakes to Lac 
de Gras would be negligible in magnitude, limited to the LAA, long-term in duration, continuous.  

However, appropriate conditions for current use entail more than the availability of traditional 
resources and this assessment acknowledges that Indigenous groups may choose not to pursue 
cultural use activities near the PKMW Project for a variety of personal, practical, aesthetic, and 
spiritual reasons. Participants of the TK Panel Studies and the TLU studies also indicated 
concerns with perceived effects of further development on wildlife, birds, fish, and water quality. 
Indigenous TK Panel #2 Participants also expressed concern about hunting in the area after mine 
closure and wondered if eating caribou from the area could make people sick or cause cancer 
(SENES Consultants 2012b:22).  

The TK Panel Sessions have been an effective forum for Indigenous groups to bring forward their 
perceptions about the safety, quality, and health of Lac de Gras. As noted in Section 7.2.2, 
Indigenous participants in the recent AEMP TK study found the health of the fish and the quality 
of the water in Lac de Gras to be good overall and better than expected close to the existing mine. 
(Thorpe Consulting 2019:79). Two of the goals identified by Indigenous participants for the AEMP 
TK study are: “land and water that allows for traditional use,” and “final landscape guided by 
traditional knowledge.” DDMI acknowledges that TK and future use may inform decisions about 
final landscape, including wildlife movement routes, final contours and surface textures (SENES 
Consulting Ltd., 2012b:1). 

The residual adverse effects of the PKMW Project on the access to traditional resources or areas 
for cultural use are predicted to be adverse, negligible in magnitude, limited to the LAA, short-
term to long-term in duration, and reversible.  
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8.3.4 Changes in Sites or Areas for Cultural Use 

8.3.4.1 Project Pathways  

The PKMW Project is not predicted to have direct or indirect effects on sites or areas for cultural 
use. Project activities will be restricted to the existing mine footprint, terrestrial habitat or sites will 
be disturbed outside the PDA. Indigenous groups have identified the Narrows between Lac de 
Gras and Lac du Sauvage as an important area for harvesting traditional resources (Golder 
2014:3-5). The Narrows is within the LAA, but a considerable distance from the PKMW Project 
and will not be affected by project activities. The North Inlet was also identified as a caribou 
harvesting area and a site that gets a lot of use. The North Inlet is the main water collection area 
for the Diavik Mine. Water is collected here and then pumped to the water treatment plant before 
being released to Lac de Gras. Effects of water collection for water treatment was previously 
assessed for the Diavik Diamonds Project. There will be no additional disturbance to the North 
Inlet from PKMW Project activities.  

Since there are no pathways that interact directly or indirectly with sites or areas for cultural use, 
no further assessment of PKMW Project effects is warranted. 

8.3.5 Summary of Project Residual Environmental Effects 

Table 8-4 summarizes the residual environmental effects on cultural use of the areas for closure 
and post-closure activities. 

Table 8-4: Project Residual Effects on Cultural Land Use 

Residual Effect 

Residual Effects Characterization 

Project Phase 

D
irection 

M
agnitude 

G
eographic 
Extent 

D
uration 

Frequency 

R
eversibility 

Ecological and 
Socio-econom

ic 
C

ontext 

Change in 
Availability of 
Traditional 
Resources for 
Cultural Use 

DC/DP A N LAA ST-LT S R D 

Change in access to 
resources or areas 
for cultural use 

DC/DP A N LAA ST-LT S R D 
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Table 8-4: Project Residual Effects on Cultural Land Use 

KEY 
See Table 8-2 for detailed definitions 

Project Phase 
C: Construction 
O: Operation 
DC/DP: Closure and Post-Closure 

Direction:  
P: Positive 
A: Adverse 
N: Neutral 

Magnitude:  
N: Negligible 
L: Low 
M: Moderate 
H: High 

 
Geographic Extent:  
PDA: Project Development Area 
LAA: Local Assessment Area  
RAA: Regional Assessment Area 

Duration:  
ST: Short-term;  
MT: Medium-term 
LT: Long-term 
 
N/A: Not applicable 

 
Frequency:  
S: Single event 
IR: Irregular event 
R: Regular event 
C: Continuous  

Reversibility:  
R: Reversible 
I: Irreversible  

Ecological/Socio-Economic 
Context:  
D: Disturbed 
U: Undisturbed 

8.3.6 Accidents and Malfunctions 

Two potential accident and malfunction scenarios are assessed: 1) the potential rupture of a PK 
slurry pipeline between the processing facility and the pits during operations and closure phases; 
and 2) the potential destratification of the pits during the post-closure phase. Potential effects to 
cultural use would occur as a result of effect on the resources upon which Indigenous groups rely 
for tradtitional activities and practices. Effects of an accident or malfunction related to the two 
scenarios above may have effects on cultural use to the extent that there are effects on water, 
animals or fish used traditionally by Indigenous groups. Therefore, availability of resources for 
cultural use and access to resources or areas for cultural use from these scenarios are assessed 
below with reference to the water quality, wildlife and wildlife habitat, and fish and fish habitat 
accidents and malfunctions assessments. As the project activities will take place entirely within 
the existing mine PDA, no effects from accidents and malfunctions are expected to cultural use 
sites and areas.. 

8.3.6.1 Potential Effects due to Rupture of PK Slurry Pipeline 

An uncontrolled release of PK from a PK slurry pipeline could occur as a result of a rupture of the 
pipeline during routing operations, including failure of a pipeline connection or an impact from a 
vehicle. DDMI will operate and maintain the proposed pipelines in accordance with all applicable 
industry standards, regulatory regulations and company standards. DDMI has a robust integrity 
management program in place that supports safe operation of these pipelines and includes 
regular pipeline maintenance and inspections, pipeline integrity management, pipeline pressure 
monitoring, emergency response planning and operational training. Measures for spill response 
are approved in the mine’s Spill Contingency Plan. All three PK slurry pipelines will be constructed 
within the water containment infrastructure (i.e., berms, collection ditches) already built for the 
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Diavik Mine. This infrastructure, combined with the response measures, would reduce the 
likelihood of a PK spill from entering any fish-bearing waters to near zero.  In the event that the 
PK did reach Lac de Gras, measurable effects to fish are expected to be short in duration and 
localized (Section 6.4.5.1).  Similarly, with the implementation of the mitigation and response 
measures, potential residual effects on wildlife are anticipated to be local and reversible 
(Section 7.4.4.1). No potential effect to cultural use are therefore predicted for this scenario. 
Therefore effects on the availalbilty of resources for cultural use and access to sites and areas 
for cultural use from this scenario are also anticipated to be local and reversible. 

8.3.6.2 Uncontrolled Rock Release and Destratification of Pit Lakes  

Further description of an uncontrolled rock release within a pit once filled with PK and water was 
previously described in Golder (2018), provided in response to WLWB IR#1 on November 6, 
2018. An uncontrolled rock release would result in mixing of waters and disruption of meromictic 
conditions. Golder (2018) describes this type of event as unlikely to occur.  Destratification of pit 
lakes could result in release of contaminated water into Lac de Gras, and depending on the level 
of contamination, there is a potential interaction with wildlife (Section 7.4.4.2). With the 
implementation of the mitigation and response measures, potential residual effects on wildlife are 
anticipated to be local and reversible. The only water quality parameter predicted to exceed 
aquatic effects benchmarks in this unlikely scenio is nitrite (Section 6.4.5.2). No significant effect 
to fish in Lac du Gras would be expected to occur due to elevated nitrite concentrations in the pits 
due to a destratification event. Therefore effects on the availalbilty of resources for cultural use 
and access to sites and areas for this scenario are also anticipated to be local and reversible. 

8.4 ASSESSMENT OF CUMULATIVE ENVIRONMENTAL EFFECTS 
ON CULTURAL LAND USE 

Indigenous participants in the TK Panel Session remarked that the fact that there are four mine 
operations located in a relatively small area represents a unique situation and expressed 
concerns about cumulative effects on caribou migration. Indigenous participants stressed the 
need to consider the entire environment because it is valued by Indigenous people as a whole: 
land, water, animals, air, plants and people (SENES Consultants 2012b). Indigenous participants 
in TK Panel Session #11 commented generally about how climate change makes predicting what 
will happened in the future more difficult. Indigenous groups advocated that TK and traditional 
solutions that consider the interconnection of land, animals and water should be used (Thorpe 
Consulting 2016, 2019). DDMI was also encouraged to work with Ekati Mine to develop caribou 
monitoring plans (Thorpe Consulting 2016, 2019). 

PKMW Project residual effects on the availability of traditional resources for current use or on 
access to traditional resources for current use are unlikely to interact cumulatively with residual 
environmental effects from other physical activities (past, present and reasonably foreseeable). 
The PKMW Project is predicted to only have negligible effects on cultural use during closure and 
post-closure activities; these effects will not pose a threat to the long-term persistence and viability 
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of species relied upon for cultural use in the RAA, or change fish habitat that would result in loss 
of access to fishing areas for cultural use. 

The wildlife and wildlife habitat assessment concludes that are no cumulative effects on wildlife 
and wildlife habitat because the PKMW Project has a negligible effect on wildlife does not interact 
cumulatively with other projects or activities. 

The Fish and Fish Habitat VC assessment concludes that withdrawal of water from Lac de Gras 
has the potential to interact cumulatively with withdrawal from one or more Operations at the Ekati 
Mine (e.g., Sable Pit, Fox Pit; DDEC ICRP version 3.0). To reduce the potential for cumulative 
effects, withdrawal rates for the PKMW Project that are protective of the aquatic environment, and 
consider other operations within the Lac de Gras watershed, will be established in discussion with 
regulators..  

However, appropriate conditions for current use entail more than the availability of traditional 
resources and this assessment acknowledges that Indigenous groups may choose not to pursue 
cultural use activities near the mine site for a variety of personal, practical, aesthetic, and spiritual 
reasons.  

Further assessment of cumulative effects on cultural use is not warranted because there are no 
residual effects on availability of traditional resources for current use or on access to traditional 
resources or areas for current use that are likely to interact cumulatively with other projects or 
activities.   

8.5 DETERMINATION OF SIGNIFICANCE 

8.5.1 Significance of Project Residual Effects 

The definition of significant adverse effects on cultural use is provided in 7.1.6. The determination 
of significance for assessment of residual environmental effects on cultural use provided here 
considers relies on information about TLU provided in the 1998 Comprehensive Study, CEAA’s 
Comprehensive Study Report, information shared by Indigenous participants in the DDMI TK 
Panel Reports, information contained in other TK reports and studies commissioned by DDMI, 
and a review of publicly available literature containing information about cultural use by potentially 
affected Indigenous groups. Significance determinations for related biophysical and socio-
economic VC assessments, the ecological and socio-economic context of the project area, past 
project experience and professional judgment are also considered. 

With the application of mitigation measures described above, the effects of the PKMW Project on 
cultural use will not result in the long-term loss of availability of traditional resources for cultural 
use or access to traditional resources or areas, such that cultural use is critically reduced or 
eliminated within the RAA. As a result, overall effects on cultural use are predicted to be not 
significant. 
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8.5.2 Significance of Cumulative Effects 

Since the PKMW Project has negligible residual environmental effects on availability of traditional 
resources for cultural use or access to traditional resources or areas, the PKMW Project does not 
interact cumulatively with other projects or activities. With mitigation and environmental protection 
measures, there are no residual environmental effects on cultural use that could contribute to 
cumulative effects.  

8.6 PREDICTION CONFIDENCE 

Prediction confidence in the assessment of effects on cultural use is moderate to high. This 
prediction confidence assignment reflects the available information regarding Indigenous groups 
and TLU in the 1998 Comprehensive Study, CEAA’s Comprehensive Study Report, information 
shared by Indigenous participants in the DDMI TK Panel Reports, information contained in other 
TK reports and studies commissioned by Diavik, and a review of publicly available literature 
containing information about cultural use by potentially affected Indigenous groups. Prediction 
confidence also reflects the understanding of applicable mitigation measures, and reliance on 
assessments of other VCs of relevance to cultural use. Given the qualitative and subjective nature 
of assessing cultural use, the views of Indigenous groups may differ from the findings of this 
assessment. 

8.7 FOLLOW-UP AND MONITORING 

DDMI has developed the Interim Closure and Reclamation Plan, which include relevant follow-up 
and monitoring plans (DDMI 2011). Additionally, Indigenous participants TK Panel Session #11 
requested the opportunity to review any changes to the PKC closure plan (Thorpe Consulting 
2018). 

8.8 SUMMARY OF COMMITMENTS 

In addition to the commitments described for wildlife and wildlife habitat (Section 6.9), fish and 
fish habitat (Section 5.9) and surface water quality (Section 4.9) that will serve to avoid or reduce 
potential effects to cultural use, the following mitigation and monitoring will be undertaken:  

• DDMI will continue to engage with potentially affected Indigenous groups through the TK 
Panel Sessions and other engagement activities to better understand Indigenous 
perceptions about the safety, quality, and health of Lac de Gras and identify practical 
strategies to address these concerns. 

• Water quality will be monitored to assess potential changes in concentrations of chemical 
constituents in comparison to acceptable criteria 

• Wildlife monitoring will assess potential interactions of wildlife with potential contaminants   
• Cover the PK and porewater in each mine working with a freshwater cap such that water 

quality in the top 40 m meets AEMP benchmarks 
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• Breach dikes to connect the pit lakes to Lac de Gras once monitoring shows that water 
constituents in pit lakes are below Canadian Water Quality guidelines for the Protection of 
Aquatic Life (CCME 2019) and/or the Aquatic Environmental Monitoring Program (AEMP) 
Effects Benchmarks (Golder 2017a) 

• Remove any observed wildlife from pit/dike areas before infilling in accordance with 
applicable guidelines / regulations 

• Monitor area for approaching wildlife during infilling  
• Employ deterrents as required to reduce risks to wildlife  
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9.0 SUMMARY OF MANAGEMENT PLANS 

Diavik Diamond Mines Inc. has been developing and improving its management plans as an 
ongoing aspect of operations at Diavik Mine. The following plans include mitigations, actions and 
responsibilities associated with minimizing effects of the Diavik Mine on the environment. These 
plans are required under various authorizations and are regularly reviewed with input from 
stakeholders, and approved by regulators in accordance with a schedule specific to each 
regulatory authorization.  

• Ammonia Management Plan 
• Contingency Plan 
• Waste Rock Management Plan 
• Sewage Treatment Plan Operations Plan 
• Hazardous Materials Management Plan 
• Waste Management Plan 
• Water Management Plan 
• Land Use Management Plan 
• Wildlife Monitoring and Management Plan 
• North Inlet Water Treatment Plant Operations Plan 
• Processed Kimberlite Containment Facility Plan 
• Interim Closure and Reclamation Plan 
• Environmental Air Quality Monitoring and Management Plan 
• Engagement Plan 
• Incinerator Management Plan 
• Hydrocarbon Impacted Materials Management Plan 
• Solid Waste and Landfill Management Plan 
• Dust Management Plan 
• Waste Rock Storage Area – North Country Rock Pile Interim Closure and Reclamation Plan 
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10.0 SUMMARY AND CONCLUSIONS 

The Summary Impact Statement (SIS) presents an assessment of the effects of the Processed 
Kimberlite to Mine Workings (PKMW) Project on the environment, including an assessment of the 
cumulative effects and effects of accidents and malfunctions. The following is summarized from 
the assessment of the PKMW Project on the specific aspects of the environment that the 
Mackenzie Valley Environmental Impact Review Board required to be assessed. 

10.1 RESIDUAL EFFECTS TO VALUED COMPONENTS  

10.1.1 Water Quality 

Closure and post-closure of the PKMW Project has the potential to affect the quality of water in 
the pit lakes and Lac de Gras. Potential changes to water quality is the primary pathway of effects 
to three of the four Valued Components (VC)s assessed, Fish and Fish Habitat, Wildlife and 
Wildlife Habitat, and Cultural Use.  

There will be no interactions between water quality and the PKMW Project during construction 
and operations of the PKMW Project. At closure and post-closure, constituents of surface water 
and water at 40 m depth in pit lakes A418 and A154 are anticipated to be below Diavik Mine’s 
Aquatic Effects Monitoring Program (AEMP) benchmarks in all modelled scenarios (scenarios 2a, 
3a and 4a). For pit lake A21, scenario 2a, constituents are predicted to be below the AEMP 
benchmarks at the surface and at 40 m depth. In scenario 3a, concentrations of three constituents 
are predicted to exceed the AEMP benchmarks at 40 m depth while none are predicted to exceed 
AEMP benchmarks in surface waters. In scenario 4a, the concentration of one constituent (nitrite) 
is predicted to marginally exceed the AEMP benchmark in both surface water and water at 40m 
depth. The nitrite exceedance in surface waters will be of short duration (maximum concentration 
of 0.062 mg/L, 3% above AEMP benchmark).  

Modelling indicates that high concentrations of total dissolved solids (TDS) in the bottom layer of 
the pit lake(s) will provide stable meromixis over the 100-year simulation period in pit lakes A418 
and A154 but may break down after approximately 50 years in A21. The breakdown of meromixis 
and full mixing in A21 is a result of the shallower depth of water cover in A21 relative to A418 and 
A154. 

For pit lakes A418 and A154, modelling predicts a neutral effect of negligible magnitude (in 
relation to AEMP benchmarks) within the PDA during closure and post-closure for a continual 
period of time within a disturbed area (pit lake) following reconnection with Lac de Gras under the 
three scenarios (2a, 3a and 4a). Given that no adverse effects to pit lakes are anticipated, it is 
expected there will be no adverse effects to Lac de Gras.  

For pit lake A21 modelling results for scenario 2a predicts a neutral effect of negligible magnitude 
within the PDA during closure and post-closure. Modelling results for scenario 4a predict an 
adverse effect of negligible magnitude within the PDA during closure and post-closure. Given that 
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negligible adverse effects to the pit lake are anticipated, it is expected there will be no adverse 
effects to Lac de Gras. 

Modelling results for pit lake A21 scenario 3a predict residual effects on the aquatic environment, 
with an adverse effect of high magnitude for moderate duration within the PDA during closure and 
post-closure. Given that an adverse effect to pit lake A21 for scenario 3a is anticipated, there is 
the potential that an adverse effect to Lac de Gras could occur. 

10.1.2 Water Quantity 

As part of closure and post-closure DDMI is proposing to infill mine workings with freshwater from 
Lac de Gras. Infilling of mine workings is included in Diavik Mine’s Interim Closure and 
Reclamation Plan (ICRP; version 4.0). Depositing PK into mine workings prior to infilling with 
water will reduce the void space within these mine workings and correspondingly the volume of 
water needed to fill them.  

Infilling of mine workings with freshwater has the potential to result in adverse effects to the 
volume and outflow of Lac de Gras. Assuming freshwater withdrawal rates for the PKMW Project 
are consistent with those of the ICRP, infill of the mine workings under the PKMW Project will take 
less time, and will require less water than in scenarios where no PK is deposited in mine workings. 
Therefore, PK deposition will have effects on the volume and outflow of Lac de Gras of lesser 
magnitude and shorter duration than those associated with the current ICRP.   

10.1.3 Fish and Fish Habitat 

The PKMW Project has the potential to change the availability and quality of fish habitat and the 
health of fish in Lac de Gras, the Coppermine River and the Narrows through potential changes 
to water quality and changes in water levels in Lac de Gras during pit infilling.  

The PMKW Project is not expected to affect fish health during closure because fish will not have 
access to pit lakes post infilling until water quality meets applicable criteria. For deposition 
scenarios where pit lake water quality meets AEMP benchmarks for surface water quality (A418 
and A154 and A21-2a and 3a), breaching dikes is expected to result in a re-colonization of the pit 
lakes by fish.  This is not expected to result in measurable residual effect to fish survival, growth, 
or health of fish in Lac de Gras because pit lakes will only become accessible after applicable 
criteria are met. 

Potential residual effects to littoral and river habitats, and fish or fish eggs in Lac du Gras or the 
Coppermine River due to filling of the mine workings with water is expected to be low to negligible. 
Water withdrawal rates and time periods as established by regulators is expected to protect the 
majority of littoral habitat in the lake, habitat used by various fish species for spawning, rearing, 
and egg incubation at various times of the year. 

With mitigation and environmental protection measures, the residual environmental effects of the 
PKMW Project on fish and fish habitat are predicted to be not significant. 
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10.1.4 Wildlife  

The PKMW Project has the potential to affect wildlife health through a change in water quality 
within the pit lakes prior to re-connection with Lac de Gras as well as dike breaching and mixing 
of pit lake surface water with Lac de Gras during closure and post-closure. The change in water 
quality could result in a change in health for caribou as well as waterfowl and waterbirds through 
the ingestion of drinking water and increased exposure to metals and other contaminants in some 
species of prey and sediment.  

Residual effects of the PKMW Project to wildlife and wildlife habitat – specifically barren-ground 
caribou, aquatic and migratory birds and peregrine falcon during closure are predicted to be 
negligible. Post-closure there is a continuous, long-term adverse effect of negligible magnitude 
on wildlife health within the local assessment area because of potential water quality changes 
associated with the following A21 scenarios: scenarios A21-4a, A21-3a and A21-4a in 40 m water 
cap. Scenario A21-2a is demonstrated as acceptable. 

With mitigation and environmental protection measures, the residual environmental effects of the 
PKMW Project on wildlife health, including barren-ground caribou, peregrine falcon and aquatic 
and migratory birds, are predicted to be not significant. 

10.1.5 Cultural Use 

The assessment has assumed that the cultural land use by Indigenous groups depends on the 
health and abundance of traditionally harvested species and the continued availability of and 
access to traditional use sites and areas. The PKMW Project can affect cultural use by: changing 
the availability of traditional resources for cultural use; changing access to traditional resources 
or areas for cultural use; or changing sites or areas for cultural use through the disruption or 
alteration of traditional use sites or locations. 

Residual effects on wildlife, fish, and water have the potential to affect the activities that are 
supported by these resources, including hunting, fishing, and cultural use of water. Overall, the 
residual effects of the PKMW Project on the availability of traditional resources for cultural use 
are predicted to be negligible in magnitude. PKMW Project activities will be restricted to the PDA 
for the existing mine therefore no additional terrestrial habitat loss and no additional sensory 
disturbances are expected. During closure and post-closure, water quality parameters will be 
monitored and are not expected to affect the health of wildlife or fish. With mitigation and 
environmental planning measures, residual effects on wildlife and fish will not pose a threat to the 
long-term persistence and viability of species relied upon for cultural use in the RAA. 

Overall effects on cultural use are predicted to be not significant. 
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10.2 CUMULATIVE EFFECTS 

Cumulative effects on water quality have the potential to occur as a result of mine discharges 
upstream in Lac du Sauvage at Ekati Mine and the mixing of the pit lake surface water(s) at Ekati 
Mine (Jay Operation) and Diavik Mine with surface water in Lac de Gras following dike breaching. 

No cumulative effects are anticipated to interact with water quality during the closure phase of the 
PKMW Project, given that the dikes will not be breached at this time. Past, present, and future 
activities at Ekati Mine, including the Jay Operation, are anticipated to have environmental effects 
that overlap with those of the PKMW Project during the post-closure phase.  

During post-closure, pit lakes A418 and A154 (scenarios 2a, 3a and 4a) and pit lake A21 (scenario 
2a) have potential to interact cumulatively with other projects. The PKMW Project’s contribution 
to cumulative effects will result in a neutral effect of negligible magnitude within the PDA, and 
there will be no adverse effects to Lac de Gras. 

Scenarios 3a and 4a of A21 will not interact cumulatively with other projects, as they don’t meet 
the criteria for reconnecting to Lac de Gras. 

With mitigation and environmental protection measures, significant adverse cumulative effects on 
water quality in the pit lakes are not anticipated, and on that basis, it is assumed that significant 
adverse effects on water quality in the RAA (including Lac de Gras) would also be not significant. 

Withdrawal of water from Lac de Gras has the potential to interact cumulatively with withdrawal 
from one or more Operations at the Ekati Mine (e.g., Sable Pit, Fox Pit; DDEC ICRP version 3.0). 
To reduce the potential for cumulative effects, withdrawal rates for the PKMW Project that are 
protective of the aquatic environment, and consider other operations within the Lac de Gras 
watershed, will be established in discussion with regulators.  

Potential cumulative effects to fish and other aquatic biota are not expected to occur due to 
potential changes in Lac de Gras water quality for scenarios involving A418 and A154 and 
scenarios 2a and 3a of A21 because all water quality parameters in the upper 40 m of the pit will 
meet AEMP benchmarks. Therefore, the potential for water quality in Lac de Gras to be altered 
is negligible and the potential effect to fish and other biota would be negligible and not significant. 

The PKMW Project is predicted to have negligible residual environmental effects on wildlife 
health. As a result, the project is not expected to interact cumulatively with other projects or 
activities, and cumulative effects are determined to be not significant.  

The effects of the PKMW Project on the availability of traditional resources for current use or on 
access to traditional resources for current use are unlikely to interact cumulatively with residual 
environmental effects from other physical activities. The PKMW Project is predicted to have 
negligible effects on cultural use during closure and post-closure activities; these effects will not 
pose a threat to the long-term persistence and viability of species relied upon for cultural use in 
the RAA, or change fish habitat that would result in loss of access to fishing areas for cultural use. 
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No assessment of cumulative effects on cultural use was conducted because there are no 
residual effects on availability of traditional resources for current use or on access to traditional 
resources or areas for current use that are likely to interact cumulatively with other projects or 
activities 

10.3 EFFECTS OF ACCIDENTS AND MALFUNCTIONS 

Two accident and malfunction scenarios were assessed, an uncontrolled rock release resulting 
from geotechnical instability in a pit wall once filled with PK and water, and an uncontrolled release 
of PK from a PK slurry pipeline. With the implementation of best practices, regulatory 
requirements, application of DDMI’s Spill Contingency Plan and the Emergency Response Plan, 
the potential residual effects related to a pipeline rupture for all VCs is considered to be localized, 
short in duration and reversible, of very low likelihood, and low to moderate consequence. The 
risk of a pipeline rupture is considered remote and the effect not significant. 

An uncontrolled rock release into a pit filled with PK and water could result in destratification of 
pit lakes and low oxygen conditions. This event could result in release of contaminants into Lac 
de Gras. The predicted contaminant concentrations in the pit lakes are relatively close to the 
aquatic effects benchmark and would be quickly diluted in Lac de Gras. With the implementation 
of best practices, regulatory requirements, application of DDMI’s Spill Contingency Plan, potential 
residual effects on water quality, wildlife, fish and cultural use are anticipated to be localized, 
reversible, of low likelihood of short duration and of low to moderate consequence. The risk is 
considered remote (risk is acceptable; no additional risk mitigation required) and the effect is 
considered not significant. 

10.4 TRANSBOUNDARY EFFECTS 

Based on the assessment of effects of the PKMW Project on the environment of Lac de Gras, 
including the Narrows and the outlet to the Coppermine River, there are no effects that extend 
beyond the Mackenzie Valley. The PKMW will have negligible effects on cultural use of the area 
by Indigenous groups, including those groups from outside of the Mackenzie Valley. Effects to 
cultural use will not pose a threat to the long-term persistence and viability of species relied upon 
for cultural use in the assessment area, or change fish habitat that would result in loss of access 
to fishing areas for cultural use by these groups.  
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Suite 200 - 2920 Virtual Way Vancouver, BC, V5M 0C4 Canada  
     

T: +1 604 296 4200   +1 604 298 5253 
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Golder Associates Ltd. (Golder) has simulated hydrodynamic and water quality model scenarios for  
Diavik Diamond Mine Inc. (DDMI) to understand and plan for conditions in three pit lakes that will be formed at the 
closure of the Diavik Diamond Mine. Model results have been presented in memoranda and submissions to 
regulatory reviewers in response to information requests. A subset of these results is relevant to the Summary 
Impact Statement that is being submitted by DDMI to the Mackenzie Valley Environmental Impact Review Board 
(MVEIRB), and those results are presented as part of that submission. The purpose of this technical 
memorandum is to provide additional information that links the model results to the original documents that 
describe the model inputs, assumptions, limitations and other relevant information that should be considered 
when reviewing or interpreting the model results. 

The linkage between model results and documentation is provided in Table 1 for four sets of model results that 
are submitted as part of the Summary Impact Statement. Readers are asked to refer to the original documentation 
for contextual information to support interpretation of model results. 

Table 1: Summary of Previous Documents Describing Model Results 

Reference Title Description Submission Link 

Golder 
(2018) 

Diavik Mine – Water Quality 
Modelling of A418, A154 and 
A21 Mined Out Pits. Golder 
2 November 2018. 

Preliminary water quality 
modelling to respond to 
WLWB Information Request of 
31 August 2018. 

DDMI Response to 
WLWB IR –  
6 November 2018. 
Attachment-1. 

Link to 
Golder 
(2018) 

Golder 
(2019) 

Sensitivity Analysis – EMAB-
14. 

Sensitivity Analysis results 
provided for the WLWB 
Technical Session in response 
to EMAB-14 recommendation. 

DDMI Response to 
Reviewer Comments – 
8 January 2019. 

Link to 
Golder 
(2019) 

TECHNICAL MEMORANDUM 
DATE  13 May 2019 GOLDER REFERENCE No. 19117819-1771-TM-Rev0-4000 

  WORK PLAN No. 624 Rev. 0 

  DIAVIK PO No. Pending 

TO  Gord Macdonald 
Diavik Diamond Mines (2012) Inc. 

FROM  Shadi Dayyani and Jerry Vandenberg EMAIL Shadi_Dayyani@golder.com; 
Jerry_Vandenberg@golder.com 

SUMMARY IMPACT STATEMENT WATER QUALITY MODEL RESULTS  

http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20DDMI%20Response%20to%20WLWB%20Information%20Request%20-%20Nov%206_18.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20DDMI%20Response%20to%20WLWB%20Information%20Request%20-%20Nov%206_18.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20DDMI%20Response%20to%20WLWB%20Information%20Request%20-%20Nov%206_18.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20Technical%20Session%20-%20DDMI%20Sensitivity%20Analysis%20Results%20-%20Jan%2011_19.zip
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20Technical%20Session%20-%20DDMI%20Sensitivity%20Analysis%20Results%20-%20Jan%2011_19.zip
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20Technical%20Session%20-%20DDMI%20Sensitivity%20Analysis%20Results%20-%20Jan%2011_19.zip


Gord Macdonald Reference No.  19117819-1771-TM-Rev0-4000 

Diavik Diamond Mines (2012) Inc. 13 May 2019 
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Reference Title Description Submission Link 

Golder 
(2019a) 

Water Quality Modelling of 
A418 Mined Out Pit – 
Scenarios 2a, 3a and 4a. 

Water quality modelling results 
for A418 with revised input 
conditions as defined at 
WLWB Technical Session for 
Scenarios 2a, 3a and 4a. 

DDMI Response to 
WLWB Technical 
Session IRs of  
23 January 2019. 

Link to 
Golder 
(2019a) 

Golder 
(2019b) 

Water Quality Modelling of 
A418 (corrected) A154 and 
A21 Mined Out Pits – 
Scenarios 2a, 3a and 4a. 

Water quality modelling results 
A418 (corrected from Golder 
2019a)) and including results 
for A154 and A21 for 
Scenarios 2a, 3a and 4a. 

DDMI Response to 
MVEIRB IR#1 for a 
Summary Impact 
Statement (SIS) of  
25 April 2019. 

Not yet 
available 

 

Closure 
Should you have any questions about the model results or original documents, please contact the undersigned. 

Golder Associates Ltd. 

 

 

 

 

Shadi Dayyani, Ph.D. Jerry Vandenberg, M.Sc., P.Chem. 
Water Quality Modeller Principal, Senior Environmental Chemist 
 
SD/JV/cr 

 
https://golderassociates.sharepoint.com/sites/104548/project files/6 deliverables/issued/1771-tm-rev0-4000-sis modelling results/19117819-1771-tm-rev0-4000-sis modelling results 
13may_19.docx 

 

http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20Technical%20Session%20-%20DDMI%20Response%20to%20IRs%20-%20Feb%2011_19.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20Technical%20Session%20-%20DDMI%20Response%20to%20IRs%20-%20Feb%2011_19.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20WL%20Amendment%20-%20PK%20to%20Mine%20Workings%20-%20Technical%20Session%20-%20DDMI%20Response%20to%20IRs%20-%20Feb%2011_19.pdf
CRyu
ORIGINAL SIGNED

CRyu
ORIGINAL SIGNED



Appendix Table B-1     Water Quality Modelling Scenarios
Scenario 2a

Fine PK Surface Base of Pit Base of 
Underground

Initial Porewater 
Surface 

(masl) (masl) (masl) (decant water level masl)
A418 258 200 -220 263 416
A154 207 120 -120 212 416
A21 331 203 N/A 336 416

Scenario 3a

Fine PK Surface Base of Pit Base of 
Underground

Initial Porewater 
Surface 

(masl) (masl) (masl) (decant water level masl)
A418 311 200 -220 316 416
A154 257 120 -120 262 416
A21 365 203 N/A 370 416

Scenario 4a

Fine PK Surface Base of Pit Base of 
Underground

Initial Porewater 
Surface 

(masl) (masl) (masl) (decant water level masl)
A418 258 200 -220 273 416
A154 207 120 -120 222 416
A21 331 203 N/A 346 416

Pit Scenario 2a Scenario 3a Scenario 4a
A418 24.5 33.1 41.7
A154 18.9 21.2 26.7
A21 36.4 62.2 81.4

Pit Scenario 2a Scenario 3a Scenario 4a
A418 0.012 0.026 0.04
A154 0.0035 0.0073 0.016
A21 0.032 0.073 0.1

Final Flooded 
Level, Lake 
Elevation

Pit

Initial Conditions in the Pit Lake (TDS mg/L)

Initial Conditions in the Pit Lake (Tracer mg/L)

Pit
Final Flooded 

Level, Lake 
Elevation

Pit
Final Flooded 

Level, Lake 
Elevation
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Appendix Table B-2     Comparison of Water Chemistry used as Basis for Assumption of Future Porewater Chemistry from PK Deposited to Mine Workings

Parameter Unit Benchmark Average 
25th%tile of 

PK Pore 
Water Data

75th%tile of 
PK Pore 

Water Data

Number of 
Samples Average 25th%tile of PK 

Pore Water Data

75th%tile of PK 
Pore Water 

Data

Number of 
Samples

Calcium mg/L - 209 15 413 55 133 12 150 27
Chloride mg/L 120 149 89 156 53 148 92 127 25
Fluoride mg/L 0.12 0.14 0.0 0.0 53 0.4 <0.4 <0.4 25
Magnesium mg/L - 412 19 677 55 241 13 191 27
Potassium mg/L - 166 49 290 55 117 41 135 27
Sodium mg/L 52 155 61 235 55 115 56 131 27
Sulfate mg/L 100 2315 112 4283 53 1327 57 969 25
Phosphate, Ortho mg/L-P - 0.059 <0.065 <0.13 53 0.065 0.033 0.131 25
Phosphorus mg/L - 0.065 < 0.01 < 0.035 55 0.035 <0.003 <0.035 27
Aluminum μg/L 87 153 21 93 55 172 24 80 27
Antimony μg/L 33 5.4 4.6 6.5 55 5.8 5.0 6.9 27
Arsenic μg/L 5 3.0 2.2 3.7 55 3.0 2.3 3.7 27
Barium μg/L 1000 449 124 438 55 452 72 432 27
Beryllium μg/L - 0.27 < 0.02 < 0.08 55 0.24 <0.08 <0.08 27
Boron μg/L 1500 56 44 73 55 51 38 70 27
Cadmium μg/L 0.1 0.92 0.28 1.18 55 0.78 0.2 1.18 27
Cobalt μg/L - 5.6 0.52 7.35 55 1.6 0.4 2.3 27
Copper μg/L 2 8.6 3.0 11.8 55 7.5 2.5 7.7 27
Iron μg/L 300 234 18 171 55 97 15 76 27
Lead μg/L 1 0.88 0.16 0.79 55 0.65 0.14 0.56 27
Lithium μg/L - 3.8 2.1 5.2 55 2.9 1.4 4.0 27
Manganese μg/L - 82 11 116 55 31 6 38 27
Molybdenum μg/L 73 504 213 679 55 452 155 562 27
Nickel μg/L 25 189 8.8 267.1 55 78 5 90 27
Selenium μg/L 1 18 1.8 27.5 55 5 <0.2 2 27
Silicon μg/L 2100 2605 <700 3880 55 2000 <200 <2000 27
Silver μg/L 0.25 0.41 <0.004 0.314 55 0.24 <0.05 0.27 27
Strontium μg/L 30000 6701 < 1000 12510 55 4306 500 5118 27
Sulfur μg/L - 782981 43195 1382000 55 474037 30575 364900 27
Thallium μg/L 0.8 0.65 0.26 0.72 55 0.5 0.25 0.46 27
Tin μg/L 73 7.3 3.1 9.4 55 5.2 1.7 5.7 27
Titanium μg/L - 1.8 < 0.2 < 2.0 55 2.0 <2 <2 27
Uranium μg/L 15 1.1 0.061 1.099 55 0.7 0.0 0.1 27
Vanadium μg/L - 1.9 0.64 2.34 55 1.1 0.5 1.5 27
Zinc μg/L 30 348 15 321 55 130 10 113 27

Notes:  1
2
3
4

5

6 DDMI is not confident in the in situ slimes/slurry results and for the current modelling have assumed a 
slimes/slurry pore water quality of 0.24ug/L based on results for the saturated zone of in situ PK.

In situ PKC Beach Pore Water1 In situ PKC Beach Pore Water2

Saturated Only

Data from Moncur and Smith (2014) - assumed as basis for modelling pore water quality in Golder (2018) 
Results summary for only samples from (1) with saturated conditions
Results summary for only samples from (1) with un-saturated conditions
Results from direct sampling of PK slurry as discharged to the PKC - 1 sample from each of 2009, 2012, 
2013.
In situ  slimes samples were collectedin 2009, 2010 and 2011  from piezometers installed at depths from 
10-75 ft beneath the water surface at the PKC Reclaim barge
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Appendix Table B-2     Comparison of Water Chemistry used as Basis for Assumption of Future Porewater Chemistry from PK Deposited to Mine Workings

Parameter Unit Benchmark

Calcium mg/L -
Chloride mg/L 120
Fluoride mg/L 0.12
Magnesium mg/L -
Potassium mg/L -
Sodium mg/L 52
Sulfate mg/L 100
Phosphate, Ortho mg/L-P -
Phosphorus mg/L -
Aluminum μg/L 87
Antimony μg/L 33
Arsenic μg/L 5
Barium μg/L 1000
Beryllium μg/L -
Boron μg/L 1500
Cadmium μg/L 0.1
Cobalt μg/L -
Copper μg/L 2
Iron μg/L 300
Lead μg/L 1
Lithium μg/L -
Manganese μg/L -
Molybdenum μg/L 73
Nickel μg/L 25
Selenium μg/L 1
Silicon μg/L 2100
Silver μg/L 0.25
Strontium μg/L 30000
Sulfur μg/L -
Thallium μg/L 0.8
Tin μg/L 73
Titanium μg/L -
Uranium μg/L 15
Vanadium μg/L -
Zinc μg/L 30

Average 25th%tile of PK 
Pore Water Data

75th%tile of PK 
Pore Water 

Data

Number of 
Samples Average Data Range Number of 

Samples Average
25th%tile 

of PK Pore 
Water Data

75th%tile of 
PK Pore 

Water Data

Number of 
Samples

282 87 437 28 12 1.6 - 21 3 11 8 13 23
145 84 186 29 63 33 - 86 3 39 31 43 23
0.4 <0.4 <0.4 29 0.14 <0.1 - 0.17 2 0.059 0.056 0.063 6
578 126 968 28 7.2 2.2 - 16 3 27 21 33 23
213 127 297 28 138 66 - 176 3 56 42 68 23
194 89 264 28 85 43 - 109 3 54 46 63 23
3088 679 4887 29 208 59 - 329 3 197 162 234 23
0.065 0.033 0.131 29 0.031 <0.1 - 0.09 2 0.032 0.06 0.13 23
0.10 <0.01 0.063 28 0.035 <0.035 - <0.035 2 0.039 <0.035 <0.035 18
134 18 140 28 0.14 <0.2 - 0.0054 3 2.8 <0.2 1.7 23
5.1 4.2 6.1 28 18 5.2 - 28 3 2.7 0.9 4.3 23
3.1 2.2 3.5 28 5.9 1.6 - 11 3 4.8 3.1 6.1 23
446 150 434 28 155 81 - 264 3 51 43 58 23
0.25 <0.25 <0.25 28 0.59 <0.03 - 0.59 3 3.3 <0.03 0.2 23
61 47 74 28 71 48 - 105 3 30 <0.2 50 23

1.06 0.62 1.1 28 0.2 0.082 - 0.3 3 0.51 0.13 0.72 23
9.4 2.5 9.8 28 0.19 0.17 - 0.2 3 0.15  <0.01 0.16 23
9.8 4.2 13.8 28 2.6 <0.07 - 3.8 3 1.0 0.4 1.1 23
366 32 310 28 1.4 <0.2 - 3.8 3 63 2 31 23
1.09 0.38 0.83 28 0.51 0.068 - 1 3 0.28 0.02 0.23 23
4.6 2.5 6.9 28 5.0 5 - 5 1 - 0 0 0
131 21 173 28 0.34 <0.07 - 0.92 3 6.1 1.9 7.9 23
555 320 683 28 242 189 - 278 3 385 330 430 23
296 69 380 28 2.5 1.4 - 4.3 3 10 6 13 23
23 8 34 28 0.72 0.72 - 0.72 1 0.5 0.08 0.58 22

3245 2386 4432 28 2781 2300 - 2300 3 1626 864 1182 23
0.55 0.0 0.38 28
8753 2446 12705 28 298 0.56 - 840 3 349 284 389 23

1080890 255600 1691750 28 92090 78180 - 106000 2 54820 47730 66130 7
0.8 0.32 0.89 28 0.16 <0.006 - 0.25 3 0.11 <0.07 0.06 23
9.3 4.9 11.0 28 4.1 0.38 - 11 3 1.6 0.0 2.1 23
2.0 <2 <2 28 0.25 <0.2 - 0.34 3 1.1 0.0 0.3 23
1.6 0.3 2.0 28 0.2 0.058 - 0.45 3 0.56 0.01 0.8 17
2.6 1.5 3.0 28 1.4 <0.03 - 2.8 3 1.3 0.0 2.1 23
557 64 418 28 2.5 7.4 - 7.4 3 136 1 13 23

Note 6 Note 6

In situ PKC Beach Pore Water3

Un-saturated Only "Fresh" PK Slurry4 In situ Slimes
Sampled from PKC barge5
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Appendix Table B-3     Lac de Gras Water, PK and Slimes Pore Water Input Chemistry and Surface Water Quality Benchmarks

Parameter Unit
Surface Water Quality 

Benchmark (a)

Assumed PK Pore 
Water Concentrations 

(f)

Assumed Slime Pore 
Water Concentrations 

(g)

Average Observed 
Concentrations at 

AEMP Sites: MF3-1 & 
MF3-2 (h)

Average Observed 
Concentrations at 

AEMP Sites: MF3-3 & 
MF3-4 (h)

Maximum Predicted 
Concentration at MF3-

1 & MF3-2 (i)

Maximum Predicted 
Concentration at  MF3-

3 & MF3-4 (i)

Major Ions
Calcium mg/L - 12 11 2.6 1.6 2.7 2.7
Chloride mg/L 120 63 39 3.5 2.2 6.0 5.2
Fluoride mg/L 0.12 0.14 0.059 0.034 0.031 0.023 0.023
Magnesium mg/L - 7.2 27 1.2 1 1.7 1.6
Potassium mg/L - 138 56 1.1 0.88 1.8 1.8
Sodium mg/L 52 (b) 85 54 3.1 1.7 3.5 3.4
Sulfate mg/L 100 (c) 208 197 3.9 3.3 7.6 6.5
Nutrients
Nitrite as nitrogen mg/L 0.06 0.59 0.59 0.00078 0.00055 - -
Nitrate as nitrogen mg/L 3 17 17 0.055 0.015 0.19 0.11
Ortho Phosphate mg/L - 0.031 0.032 0.0016 0.00078 0.0043 0.0038
Phosphorus mg/L - 0.035 0.039 0.0036 0.0032 0.0057 0.0052
Trace Elements
Aluminum μg/L 87 (b) 0.14 2.8 6.3 3.3 56 40
Antimony μg/L 33 (b) 18 2.7 0.033 0.022 - -
Arsenic μg/L 5 5.9 4.8 0.28 0.23 0.58 0.49
Barium μg/L 1000 (c) 155 51 3.5 2.3 11 9.7
Beryllium μg/L - 0.59 3.3 0.005 0.005 0.12 0.11
Boron μg/L 1500 71 30 2.9 2.5 - -
Cadmium μg/L 0.1 (d) 0.2 0.51 0.0028 0.0025 0.047 0.041
Cobalt μg/L - 0.19 0.15 0.017 0.018 0.1 0.086
Copper μg/L 2 2.6 1.0 0.59 0.61 0.74 0.63
Iron μg/L 300 1.4 63 4.1 3.5 78 53
Lead μg/L 1 0.51 0.28 0.0033 0.0043 0.053 0.045
Lithium μg/L - 5.0 - 2 1.7 - -
Manganese μg/L - 0.34 6.1 3.3 1.9 8.8 6.8
Molybdenum μg/L 73 242 385 0.88 0.28 5.9 5.0
Nickel μg/L 25 2.5 10 0.77 0.92 1.6 1.4
Selenium μg/L 1 0.72 0.5 0.02 0.02 0.26 0.2
Silicon μg/L 2100 (b) 2781 1626 186 28 - -
Silver μg/L 0.1 0.24 0.24 0.0025 0.0025 0.074 0.067
Strontium μg/L 30000 (e) 298 349 35 15.6 58 55
Sulfur μg/L - 92090 54820 1571 1268 - -
Thallium μg/L 0.8 0.16 0.11 0.0011 0.0012 - -
Tin μg/L 73 (b) 4.1 1.6 0.011 0.026 - -
Titanium μg/L - 0.25 1.1 0.51 0.28 - -
Uranium μg/L 15 0.2 0.56 0.12 0.096 0.85 0.61
Vanadium μg/L - 1.4 1.3 0.1 0.052 1.3 0.91
Zinc μg/L 30 2.5 136 0.21 0.36 0.87 0.77

Notes:

e) Based on results from HydroQual (2009) and Pacholski (2009). See text for more information.
f) Results from direct sampling of PK slurry as discharged to the PKC - 1 sample from each of 2009, 2012, 2013.
g) In situ slimes samples were collectedin 2009, 2010 and 2011  from piezometers installed at depths from 10-75 ft beneath the water surface at the PKC Reclaim barge
h) DDMI (2017a)

HydroQual. 2009. Aquatic Toxicity Assessment on Strontium. Reported prepared for Golder Associates Ltd., Calgary, AB, by HydroQual Laboratories Ltd., Calgary, AB. 8 May 2009.

- = benchmark not available.
a) AEMP Design Plan Version 5.0 (DDMI 2017a); Table 5.3-1.
b) See AEMP Design Plan Version 5.0, Appendix B for description.
c) BCMOE (2013).
d) See Appendix IV.1 in DDMI (2007) and BCMOE (2001) for description.

Golder Associates Ltd. 2015. Jay Project Compendium of Supplemental Water Quality Modelling. Prepared for Dominion Diamond Ekati Corporation. Yellowknife, NT, Canada. April 2015.

i) Golder (2015)
Sources:

DDMI. 2017a. Diavik Diamond Mine – Aquatic Effects Monitoring Program – AEMP Design Document, Version 1.0. Yellowknife, NT. April 2018.
DDMI. 2007. Diavik Diamond Mine – Aquatic Effects Monitoring Program – AEMP Design Document, Version 2.0. Yellowknife, NT. December 2007.
BCMOE. 2013. A Compendium of Working Water Quality Guidelines for British Columbia. Retrieved on 13 May 2013.
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Appendix Table B-4     Predicted Water Quality for an Unanticipated Event Causing Fully Mixed Conditions in A21 Pit Lake

Parameters Unit Benchmark Maximum 
Concentration

Year of Max 
Concentration

Maximum 
Concentration

Year of Max 
Concentration

Maximum 
Concentration

Year of Max 
Concentration

Calcium mg/L - 2.1 15 2.5 9 2.7 0
Chloride mg/L 120 4.5 15 6.6 9 8.4 0
Fluoride mg/L 0.12 0.035 15 0.037 9 0.042 0
Magnesium mg/L - 1.2 15 2.4 9 1.7 0
Potassium mg/L - 6.2 15 9.6 9 15 0
Sodium mg/L 52 4.9 15 7.9 9 10 0
Sulfate mg/L 100 11 15 22 9 25 0
Nitrite as nitrogen mg/L 0.06 0.024 15 0.054 9 0.062 0
Nitrate as nitrogen mg/L 3 0.66 15 1.5 9 1.7 0
Ammonia_N mg/L 4.7 0.12 15 0.23 9 0.26 0
Phosphate, Ortho mg/L - 0.002 15 0.0036 9 0.0039 0
Phosphorus mg/L - 0.0044 15 0.0063 9 0.0065 0
Aluminum μg/L 87 3.3 99 3.3 99 3.2 100
Antimony μg/L 33 0.72 15 0.95 9 1.9 0
Arsenic μg/L 5 0.45 15 0.69 9 0.81 0
Barium μg/L 1000 8.3 15 11 9 18 0
Beryllium μg/L - 0.028 15 0.18 9 0.065 0
Boron μg/L 1500 5.2 15 6.9 9 9.6 0
Cadmium μg/L 0.1 0.0102 15 0.035 9 0.023 0
Cobalt μg/L - 0.025 15 0.032 9 0.036 0
Copper μg/L 2 0.68 15 0.71 9 0.81 0
Iron μg/L 300 3.5 99 6.1 9 3.5 100
Lead μg/L 1 0.024 15 0.04 9 0.057 0
Lithium μg/L - 1.8 15 - - 2.0 0
Manganese μg/L - 1.9 99 2.1 9 1.9 100
Molybdenum μg/L 73 9.8 15 29 9 25 0
Nickel μg/L 25 0.98 15 1.4 9 1.1 0
Selenium μg/L 1 0.048 15 0.074 9 0.093 0
Silicon μg/L 2100 136 15 226 9 313 0
Silver μg/L 0.25 0.012 15 0.024 9 0.027 0
Strontium μg/L 30000 27 15 44 9 45 0
Sulfur μg/L - 4833 15 7843 9 10668 0
Thallium μg/L 0.8 0.0073 15 0.013 9 0.017 0
Tin μg/L 73 0.18 15 0.28 9 0.44 0
Titanium μg/L - 0.28 99 0.32 9 0.28 100
Uranium μg/L 15 0.10 15 0.12 9 0.11 0
Vanadium μg/L - 0.103 15 0.17 9 0.19 0
Zinc μg/L 30 0.44 15 6.6 9 0.58 0
Bold indicates concentrations is exceeding benchmark
Year 2028 = Year 0

Scenario 2a 
(85 m Water Cap)

Scenario 3a 
(51 m Water Cap)

Scenario 4a 
(85 m Water Cap)
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Appendix Table B-5     Predicted Water Quality for an Unanticipated Event Causing Fully Mixed Conditions in A418 Pit Lake 

Parameters Unit Benchmark Maximum 
Concentration

Year of Max 
Concentration

Maximum 
Concentration

Year of Max 
Concentration

Maximum 
Concentration

Year of Max 
Concentration

Calcium mg/L - 3.2 91 3.7 47 3.3 91
Chloride mg/L 120 7.1 91 9.5 47 7.5 91
Fluoride mg/L 0.12 0.04 91 0.042 47 0.041 91
Magnesium mg/L - 1.5 91 3.2 47 1.6 91
Potassium mg/L - 9.5 91 13 47 10.3 91
Sodium mg/L 52 8.2 91 12 47 8.6 91
Sulfate mg/L 100 17 91 29 47 18 91
Nitrite as nitrogen mg/L 0.06 0.037 91 0.076 47 0.04 91
Nitrate as nitrogen mg/L 3 1.1 91 2.2 47 1.2 91
Ammonia_N mg/L 4.7 0.17 91 0.31 47 0.18 91
Phosphate, Ortho mg/L - 0.0034 91 0.0054 47 0.0036 91
Phosphorus mg/L - 0.0055 91 0.0078 47 0.0057 91
Aluminum μg/L 87 6.3 0 6.2 0 6.1 0
Antimony μg/L 33 1.1 91 1.3 47 1.2 91
Arsenic μg/L 5 0.63 91 0.92 47 0.66 91
Barium μg/L 1000 13 91 16 47 14 91
Beryllium μg/L - 0.041 91 0.25 47 0.044 91
Boron μg/L 1500 7.1 91 9.0 47 7.5 91
Cadmium μg/L 0.1 0.015 91 0.048 47 0.016 91
Cobalt μg/L - 0.027 91 0.036 47 0.028 91
Copper μg/L 2 0.71 91 0.75 47 0.73 91
Iron μg/L 300 4.1 0 7.7 47 4.0 0
Lead μg/L 1 0.035 91 0.053 47 0.038 91
Lithium μg/L - 2.2 - - 47 2.2 91
Manganese μg/L - 3.2 0 3.3 0 3.2 0
Molybdenum μg/L 73 16 91 41 47 17 91
Nickel μg/L 25 0.87 91 1.5 47 0.88 91
Selenium μg/L 1 0.064 91 0.095 47 0.067 91
Silicon μg/L 2100 347 91 442 47 361 91
Silver μg/L 0.25 0.017 91 0.033 47 0.018 91
Strontium μg/L 30000 51 91 72 47 53 91
Sulfur μg/L - 7176 91 10707 47 7663 91
Thallium μg/L 0.8 0.011 91 0.018 47 0.012 91
Tin μg/L 73 0.26 91 0.37 47 0.28 91
Titanium μg/L - 0.51 0 0.54 47 0.5 0
Uranium μg/L 15 0.12 91 0.15 47 0.12 91
Vanadium μg/L - 0.18 91 0.26 47 0.19 91
Zinc μg/L 30 0.35 91 9.0 47 0.36 91
Bold indicates concentrations is exceeding benchmark
Year 2028 = Year 0

Scenario 2a 
(158 m Water Cap)

Scenario 3a 
(105 m Water Cap)

Scenario 4a 
(158 m Water Cap)
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Appendix Table B-6     Predicted Water Quality for an Unanticipated Event Causing Fully Mixed Conditions in A154 Pit Lake (Year 100)

Parameters Unit Benchmark Maximum 
Concentration

Year of Max 
Concentration

Maximum 
Concentration

Year of Max 
Concentration

Maximum 
Concentration

Year of Max 
Concentration

Calcium mg/L - 2.9 91 3.2 47 2.9 89
Chloride mg/L 120 5.3 91 6.4 47 5.4 89
Fluoride mg/L 0.12 0.037 91 0.038 47 0.038 89
Magnesium mg/L - 1.4 91 2.1 47 1.4 89
Potassium mg/L - 5.3 91 7.0 47 5.6 89
Sodium mg/L 52 5.7 91 7.3 47 5.8 89
Sulfate mg/L 100 10 91 16 47 11 89
Nitrite as nitrogen mg/L 0.06 0.019 91 0.038 47 0.02 89
Nitrate as nitrogen mg/L 3 0.57 91 1.1 47 0.6 89
Ammonia_N mg/L 4.7 0.1 91 0.17 47 0.11 89
Phosphate, Ortho mg/L - 0.0025 91 0.0035 47 0.0026 89
Phosphorus mg/L - 0.0046 91 0.0057 47 0.0046 89
Aluminum μg/L 87 6.3 0 6.3 0 6.2 0
Antimony μg/L 33 0.59 91 0.67 47 0.62 89
Arsenic μg/L 5 0.46 91 0.6 47 0.47 89
Barium μg/L 1000 8.2 91 9.7 47 8.5 89
Beryllium μg/L - 0.023 91 0.13 47 0.024 89
Boron μg/L 1500 5.0 91 5.9 47 5.2 89
Cadmium μg/L 0.1 0.009 91 0.025 47 0.0094 89
Cobalt μg/L - 0.022 91 0.026 47 0.022 89
Copper μg/L 2 0.65 91 0.67 47 0.66 89
Iron μg/L 300 4.1 0 5.9 47 4.1 0
Lead μg/L 1 0.019 91 0.028 47 0.02 89
Lithium μg/L - 2.1 91 - - 2.1 89
Manganese μg/L - 3.3 0 3.3 0 3.2 0
Molybdenum μg/L 73 8.4 91 20 47 8.9 89
Nickel μg/L 25 0.82 91 1.1 47 0.83 89
Selenium μg/L 1 0.042 91 0.057 47 0.043 89
Silicon μg/L 2100 267 91 312 47 272 89
Silver μg/L 0.25 0.0099 91 0.017 47 0.01 89
Strontium μg/L 30000 43 91 53 47 44 89
Sulfur μg/L - 4,410 91 6,056 47 4,579 89
Thallium μg/L 0.8 0.006 91 0.0094 47 0.0062 89
Tin μg/L 73 0.14 91 0.19 47 0.15 89
Titanium μg/L - 0.51 0 0.52 47 0.51 0
Uranium μg/L 15 0.12 91 0.13 47 0.12 89
Vanadium μg/L - 0.14 91 0.18 47 0.15 89
Zinc μg/L 30 0.28 91 4.5 47 0.28 89
Bold indicates concentrations is exceeding benchmark
Year 2028 = Year 0

Scenario 2a Scenario 3a Scenario 4a 

C:\Users\jolowe\Desktop\TEMP\4_WQ_AEMP_Unanticipated_Mixing_V3.xlsm
A154

7



Appendix Table B-7     Predicted Maximum Concentrations in the Surface Water (Top Section and at 40m) of A418 Pit Lake over 100-year Period after Closure 
(Cumulative Effects)

Top Section at Depth of 40 m 
Below Surface Top Section at Depth of 40 m 

Below Surface Top Section at Depth of 40 m 
Below Surface

Calcium mg/L - 2.8 2.8 2.9 2.9 3.1 3.1
Chloride mg/L 120 6.7 6.7 7.1 7.1 8.2 8.2
Fluoride mg/L 0.12 0.024 0.024 0.025 0.025 0.027 0.027
Magnesium mg/L - 1.7 1.7 2.1 2.1 1.9 1.9
Potassium mg/L - 3.5 3.5 4.3 4.3 7.2 7.2
Sodium mg/L 52 4.6 4.6 5.3 5.3 6.8 6.8
Sulfate mg/L 100 10.1 10.1 12.7 12.7 15.6 15.6
Nitrate as nitrogen mg/L 3 0.4 0.4 0.63 0.63 0.85 0.85
Ammonia_N mg/L 4.7 0.092 0.092 0.122 0.122 0.151 0.151
Phosphate, Ortho mg/L - 0.0046 0.0046 0.005 0.005 0.0053 0.0053
Phosphorus mg/L - 0.006 0.006 0.0065 0.0065 0.0068 0.0068
Aluminum μg/L 87 56 56 56 56 56 56
Arsenic μg/L 5 0.64 0.64 0.7 0.7 0.79 0.79
Barium μg/L 1000 13 13 14 14 17 17
Beryllium μg/L - 0.13 0.13 0.17 0.17 0.14 0.14
Cadmium μg/L 0.1 0.048 0.048 0.055 0.055 0.053 0.053
Cobalt μg/L - 0.1 0.1 0.11 0.11 0.11 0.11
Copper μg/L 2 0.76 0.76 0.77 0.77 0.81 0.81
Iron μg/L 300 78 78 78 78 78 78
Lead μg/L 1 0.058 0.058 0.062 0.062 0.071 0.071
Manganese μg/L - 8.8 8.8 8.8 8.8 8.8 8.8
Molybdenum μg/L 73 8.9 8.9 14.0 14.0 15.4 15.4
Nickel μg/L 25 1.6 1.6 1.7 1.7 1.6 1.6
Selenium μg/L 1 0.26 0.26 0.26 0.26 0.27 0.27
Silver μg/L 0.25 0.077 0.077 0.079 0.079 0.081 0.081
Strontium μg/L 30,000 61 61 65 65 67 67
Uranium μg/L 15 0.85 0.85 0.85 0.85 0.85 0.85
Vanadium μg/L - 1.3 1.3 1.3 1.3 1.3 1.3
Zinc μg/L 30 0.89 0.89 2.7 2.7 0.94 0.94
Bold indicates concentrations is exceeding benchmark

Scenario 4a
(158 m Water Cap)

Parameters Unit Benchmark

Scenario 2a 
(158 m Water Cap)

Scenario 3a 
(105 m Water Cap)
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Appendix Table B-8     Predicted Maximum Concentrations in the Surface Water (Top Section and at 40m) of A154 Pit Lake over 100-year Period after Closure 
(Cumulative Effects)

Top Section at Depth of 40 m 
Below Surface Top Section at Depth of 40 m 

Below Surface Top Section at Depth of 40 m 
Below Surface

Calcium mg/L - 2.7 2.7 2.8 2.8 2.9 2.9
Chloride mg/L 120 6.2 6.2 6.3 6.3 6.9 6.9
Fluoride mg/L 0.12 0.023 0.023 0.024 0.024 0.025 0.025
Magnesium mg/L - 1.7 1.7 1.8 1.8 1.8 1.8
Potassium mg/L - 2.3 2.3 2.5 2.5 4.0 4.0
Sodium mg/L 52 3.8 3.8 4.0 4.0 4.9 4.9
Sulfate mg/L 100 8.3 8.3 9.0 9.0 10.8 10.8
Nitrate as nitrogen mg/L 3 0.25 0.25 0.31 0.31 0.46 0.46
Ammonia_N mg/L 4.7 0.073 0.073 0.081 0.081 0.10 0.10
Phosphate, Ortho mg/L - 0.0044 0.0044 0.0045 0.0045 0.0047 0.0047
Phosphorus mg/L - 0.0058 0.0058 0.0059 0.0059 0.0061 0.0061
Aluminum μg/L 87 56 56 56 56 56 56
Arsenic μg/L 5 0.6 0.6 0.61 0.61 0.66 0.66
Barium μg/L 1000 12 12 12 12 14 14
Beryllium μg/L - 0.12 0.12 0.14 0.14 0.13 0.13
Cadmium μg/L 0.1 0.047 0.047 0.049 0.049 0.049 0.049
Cobalt μg/L - 0.1 0.1 0.1 0.1 0.1 0.1
Copper μg/L 2 0.74 0.74 0.75 0.75 0.77 0.77
Iron μg/L 300 78 78 78 78 78 78
Lead μg/L 1 0.054 0.054 0.055 0.055 0.06 0.06
Manganese μg/L - 8.8 8.8 8.8 8.8 8.8 8.8
Molybdenum μg/L 73 6.8 6.8 8.2 8.2 9.7 9.7
Nickel μg/L 25 1.6 1.6 1.6 1.6 1.6 1.6
Selenium μg/L 1 0.26 0.26 0.26 0.26 0.26 0.26
Silver μg/L 0.25 0.075 0.075 0.076 0.076 0.077 0.077
Strontium μg/L 30,000 59 59 60 60 62 62
Uranium μg/L 15 0.85 0.85 0.85 0.85 0.85 0.85
Vanadium μg/L - 1.3 1.3 1.3 1.3 1.3 1.3
Zinc μg/L 30 0.88 0.88 1.37 1.37 0.9 0.9
Bold indicates concentrations is exceeding benchmark

Scenario 4a
(209 m Water Cap)

Parameters Unit Benchmark

Scenario 2a 
(209 m Water Cap)

Scenario 3a 
(159 m Water Cap)
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Appendix Table B-9     Predicted Maximum Concentrations in the Surface Water (Top Section and at 40m) of A21 Pit Lake over 100-year Period after Closure 
(Cumulative Effects)

Top Section at Depth of 40 m 
Below Surface Top Section at Depth of 40 m 

Below Surface Top Section at Depth of 40 m 
Below Surface

Calcium mg/L - 3.0 3.0 3.3 4.8 3.6 3.6
Chloride mg/L 120 7.0 7.0 8.5 16 11 11
Fluoride mg/L 0.12 0.027 0.027 0.029 0.041 0.035 0.035
Magnesium mg/L - 1.8 1.8 2.8 5.4 2.2 2.2
Potassium mg/L - 6.0 6.0 8.7 25 16 16
Sodium mg/L 52 5.9 5.9 8.2 20 12 12
Sulfate mg/L 100 12.9 12.9 20.8 55 27 27
Nitrate as nitrogen mg/L 3 0.63 0.63 1.32 4.2 1.8 1.8
Ammonia_N mg/L 4.7 0.132 0.132 0.22 0.59 0.29 0.29
Phosphate, Ortho mg/L - 0.0047 0.0047 0.0058 0.0106 0.0066 0.0066
Phosphorus mg/L - 0.0061 0.0061 0.0075 0.013 0.0083 0.0083
Aluminum μg/L 87 40 40 40 40 40 40
Arsenic μg/L 5 0.66 0.66 0.84 1.7 1.0 1.0
Barium μg/L 1000 14.3 14 16.5 33 25 25
Beryllium μg/L - 0.13 0.13 0.25 0.56 0.16 0.16
Cadmium μg/L 0.1 0.046 0.046 0.064 0.12 0.058 0.058
Cobalt μg/L - 0.09 0.09 0.092 0.11 0.097 0.097
Copper μg/L 2 0.69 0.69 0.72 0.92 0.83 0.83
Iron μg/L 300 53 53 53 53 53 53
Lead μg/L 1 0.059 0.059 0.07 0.13 0.093 0.093
Manganese μg/L - 6.8 6.8 6.8 6.8 6.8 6.8
Molybdenum μg/L 73 12.5 12.5 27.5 80 30 30
Nickel μg/L 25 1.4 1.4 1.8 2.6 1.5 1.5
Selenium μg/L 1 0.21 0.21 0.23 0.3 0.25 0.25
Silver μg/L 0.25 0.072 0.072 0.079 0.11 0.085 0.085
Strontium μg/L 30,000 63 63 75 121 80 80
Uranium μg/L 15 0.61 0.61 0.61 0.61 0.61 0.61
Vanadium μg/L - 0.92 0.92 0.94 1.01 0.95 0.95
Zinc μg/L 30 0.82 0.82 5.76 18 0.95 0.95
Bold indicates concentrations is exceeding benchmark

Scenario 4a
(85 m Water Cap)

Parameters Unit Benchmark

Scenario 2a 
(85 m Water Cap)

Scenario 3a 
(51 m Water Cap)
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Appendix Table B-10     Predicted Maximum Concentrations in the Surface Water (Top Section and at 40m) of A418 Pit Lake over 100-year Period after 
Closure (Project-Specific Effects)

Top Section at Depth of 40 m 
Below Surface Top Section at Depth of 40 m 

Below Surface Top Section at Depth of 40 m 
Below Surface

Calcium mg/L - 2.7 2.7 2.8 2.8 3.0 3.0
Chloride mg/L 120 4.2 4.2 4.7 4.7 5.8 5.8
Fluoride mg/L 0.12 0.035 0.035 0.036 0.036 0.038 0.038
Magnesium mg/L - 1.2 1.2 1.6 1.6 1.4 1.4
Potassium mg/L - 2.8 2.8 3.6 3.6 6.5 6.5
Sodium mg/L 52 4.1 4.1 4.8 4.8 6.4 6.4
Sulfate mg/L 100 6.5 6.5 9.1 9.1 12 12
Nitrite as nitrogen mg/L 0.06 0.0081 0.0081 0.016 0.016 0.024 0.024
Nitrate as nitrogen mg/L 3 0.26 0.26 0.5 0.5 0.72 0.72
Ammonia_N mg/L 4.7 0.064 0.064 0.094 0.094 0.12 0.12
Phosphate, Ortho mg/L - 0.0019 0.0019 0.0024 0.0024 0.0028 0.0028
Phosphorus mg/L - 0.004 0.004 0.0044 0.0044 0.0048 0.0048
Aluminum μg/L 87 6.3 6.3 6.3 6.3 6.3 6.3
Antimony μg/L 33 0.25 0.25 0.3 0.3 0.74 0.74
Arsenic μg/L 5 0.35 0.35 0.41 0.41 0.5 0.5
Barium μg/L 1000 5.3 5.3 6.1 6.1 9.5 9.5
Beryllium μg/L - 0.012 0.012 0.056 0.056 0.028 0.028
Boron μg/L 1500 3.8 3.8 4.2 4.2 5.6 5.6
Cadmium μg/L 0.1 0.0053 0.0053 0.012 0.012 0.011 0.011
Cobalt μg/L - 0.019 0.019 0.021 0.021 0.024 0.024
Copper μg/L 2 0.62 0.62 0.62 0.62 0.67 0.67
Iron μg/L 300 4.1 4.1 4.9 4.9 4.1 4.1
Lead μg/L 1 0.0096 0.0096 0.014 0.014 0.024 0.024
Lithium μg/L - 2.1 2.1 - - 2.1 2.1
Manganese μg/L - 3.3 3.3 3.3 3.3 3.3 3.3
Molybdenum μg/L 73 3.9 3.9 9.1 9.1 11 11
Nickel μg/L 25 0.79 0.79 0.91 0.91 0.84 0.84
Selenium μg/L 1 0.029 0.029 0.036 0.036 0.048 0.048
Silicon μg/L 2100 218 218 239 239 289 289
Silver μg/L 0.25 0.0055 0.0055 0.0087 0.0087 0.012 0.012
Strontium μg/L 30000 38 38 43 43 45 45
Sulfur μg/L - 2698 2698 3461 3461 5183 5183
Thallium μg/L 0.8 0.003 0.003 0.0046 0.0046 0.0073 0.0073
Tin μg/L 73 0.061 0.061 0.084 0.084 0.17 0.17
Titanium μg/L - 0.51 0.51 0.52 0.52 0.51 0.51
Uranium μg/L 15 0.12 0.12 0.12 0.12 0.12 0.12
Vanadium μg/L - 0.12 0.12 0.14 0.14 0.15 0.15
Zinc μg/L 30 0.24 0.24 2.0 2.0 0.3 0.3
Bold indicates concentrations is exceeding benchmark

Scenario 4a
(158 m Water Cap)Parameters Unit Benchmark

Scenario 2a 
(158 m Water Cap)

Scenario 3a 
(105 m Water Cap)
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Appendix Table B-11     Predicted Maximum Concentrations in the Surface Water (Top Section and at 40m) of A154 Pit Lake over 100-year Period after 
Closure (Project-Specific Effects)

Top Section at Depth of 40 m 
Below Surface Top Section at Depth of 40 m 

Below Surface Top Section at Depth of 40 m 
Below Surface

Calcium mg/L - 2.7 2.7 2.7 2.7 2.8 2.8
Chloride mg/L 120 3.7 3.7 3.8 3.8 4.4 4.4
Fluoride mg/L 0.12 0.035 0.035 0.035 0.035 0.036 0.036
Magnesium mg/L - 1.2 1.2 1.3 1.3 1.3 1.3
Potassium mg/L - 1.5 1.5 1.8 1.8 3.3 3.3
Sodium mg/L 52 3.4 3.4 3.6 3.6 4.4 4.4
Sulfate mg/L 100 4.6 4.6 5.4 5.4 7.2 7.2
Nitrite as nitrogen mg/L 0.06 0.0028 0.0028 0.0051 0.0051 0.01 0.01
Nitrate as nitrogen mg/L 3 0.11 0.11 0.18 0.18 0.32 0.32
Ammonia_N mg/L 4.7 0.045 0.045 0.053 0.053 0.072 0.072
Phosphate, Ortho mg/L - 0.0017 0.0017 0.0018 0.0018 0.0021 0.0021
Phosphorus mg/L - 0.0037 0.0037 0.0038 0.0038 0.0041 0.0041
Aluminum μg/L 87 6.3 6.3 6.3 6.3 6.3 6.3
Antimony μg/L 33 0.095 0.095 0.11 0.11 0.32 0.32
Arsenic μg/L 5 0.3 0.3 0.32 0.32 0.37 0.37
Barium μg/L 1000 4.0 4.0 4.2 4.2 5.9 5.9
Beryllium μg/L - 0.007 0.007 0.019 0.019 0.014 0.014
Boron μg/L 1500 3.1 3.1 3.2 3.2 4.0 4.0
Cadmium μg/L 0.1 0.0035 0.0035 0.0054 0.0054 0.006 0.006
Cobalt μg/L - 0.017 0.017 0.018 0.018 0.019 0.019
Copper μg/L 2 0.6 0.6 0.6 0.6 0.62 0.62
Iron μg/L 300 4.1 4.1 4.3 4.3 4.1 4.1
Lead μg/L 1 0.0051 0.0051 0.0061 0.0061 0.011 0.011
Lithium μg/L - 2.0 2.0 - - 2.1 2.1
Manganese μg/L - 3.3 3.3 3.3 3.3 3.3 3.3
Molybdenum μg/L 73 1.7 1.7 3.2 3.2 4.7 4.7
Nickel μg/L 25 0.78 0.78 0.81 0.81 0.8 0.8
Selenium μg/L 1 0.022 0.022 0.024 0.024 0.031 0.031
Silicon μg/L 2100 195 195 201 201 227 227
Silver μg/L 0.25 0.0033 0.0033 0.0042 0.0042 0.0063 0.0063
Strontium μg/L 30000 36 36 37 37 39 39
Sulfur μg/L - 1887 1887 2096 2096 3020 3020
Thallium μg/L 0.8 0.0017 0.0017 0.0021 0.0021 0.0036 0.0036
Tin μg/L 73 0.025 0.025 0.031 0.031 0.075 0.075
Titanium μg/L - 0.51 0.51 0.51 0.51 0.51 0.51
Uranium μg/L 15 0.12 0.12 0.12 0.12 0.12 0.12
Vanadium μg/L - 0.11 0.11 0.11 0.11 0.12 0.12
Zinc μg/L 30 0.22 0.22 0.71 0.71 0.24 0.24
Bold indicates concentrations is exceeding benchmark

Scenario 4a
(209 m Water Cap)Parameters Unit Benchmark

Scenario 2a 
(85 m Water Cap)

Scenario 3a 
(159 m Water Cap)
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Appendix Table B-12     Predicted Maximum Concentrations in the Surface Water (Top Section and at 40m) of A21 Pit Lake over 100-year Period after 
Closure (Project-Specific Effects)

Top Section at Depth of 40 m 
Below Surface Top Section at Depth of 40 m 

Below Surface Top Section at Depth of 40 m 
Below Surface

Calcium mg/L - 1.7 1.8 2.3 4.0 2.7 2.7
Chloride mg/L 120 2.2 2.8 5.7 14 8.4 8.4
Fluoride mg/L 0.12 0.031 0.032 0.036 0.047 0.042 0.042
Magnesium mg/L - 1.0 1.1 2.2 4.9 1.7 1.7
Potassium mg/L - 1.0 2.3 7.8 24 15 15
Sodium mg/L 52 1.7 2.5 6.6 18 10 10
Sulfate mg/L 100 3.5 5.5 18 52 25 25
Nitrite as nitrogen mg/L 0.06 0.0012 0.0067 0.043 0.14 0.062 0.062
Nitrate as nitrogen mg/L 3 0.032 0.19 1.2 4.1 1.8 1.8
Ammonia_N mg/L 4.7 0.042 0.062 0.2 0.57 0.26 0.26
Phosphate, Ortho mg/L - 0.00081 0.0011 0.003 0.0083 0.0039 0.0039
Phosphorus mg/L - 0.0032 0.0035 0.0057 0.011 0.0065 0.0065
Aluminum μg/L 87 3.3 3.3 3.3 3.3 3.3 3.3
Antimony μg/L 33 0.041 0.21 0.77 2.5 1.9 1.9
Arsenic μg/L 5 0.24 0.29 0.6 1.5 0.81 0.81
Barium μg/L 1000 2.5 3.9 9.7 27 18 18
Beryllium μg/L - 0.0056 0.011 0.15 0.48 0.065 0.065
Boron μg/L 1500 2.6 3.2 6.0 14 9.6 9.6
Cadmium μg/L 0.1 0.0027 0.0046 0.028 0.089 0.023 0.023
Cobalt μg/L - 0.018 0.02 0.029 0.055 0.036 0.036
Copper μg/L 2 0.61 0.63 0.69 0.9 0.81 0.81
Iron μg/L 300 3.5 3.5 5.6 11 3.5 3.5
Lead μg/L 1 0.0048 0.0096 0.033 0.10 0.057 0.057
Lithium μg/L - 1.7 1.7 - - 2.0 2.0
Manganese μg/L - 1.9 1.9 2.0 2.2 1.9 1.9
Molybdenum μg/L 73 0.53 2.8 23 77 25 25
Nickel μg/L 25 0.92 0.93 1.3 2.2 1.1 1.1
Selenium μg/L 1 0.021 0.027 0.063 0.16 0.093 0.093
Silicon μg/L 2100 31 57 187 561 313 313
Silver μg/L 0.25 0.0027 0.005 0.02 0.061 0.027 0.027
Strontium μg/L 30000 16 19 38 91 45 45
Sulfur μg/L - 1360 2219 6523 18931 10668 10668
Thallium μg/L 0.8 0.0014 0.0028 0.011 0.034 0.017 0.017
Tin μg/L 73 0.03 0.068 0.23 0.71 0.44 0.44
Titanium μg/L - 0.28 0.28 0.31 0.38 0.28 0.28
Uranium μg/L 15 0.096 0.097 0.12 0.16 0.11 0.11
Vanadium μg/L - 0.053 0.065 0.14 0.36 0.19 0.19
Zinc μg/L 30 0.36 0.38 5.4 17 0.58 0.58
Bold indicates concentrations is exceeding benchmark

Scenario 4a
(85 m Water Cap)Parameters Unit Benchmark

Scenario 2a 
(85 m Water Cap)

Scenario 3a 
(51 m Water Cap)
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Appendix Figure B-1    A418 Countour Plots

Scenario 2a (Development Case, 158 m Water Cap) Scenario 3a (105 m Water Cap) Scenario 4a (Development Case, 158 m Water Cap)
Tracer Plots

TDS Plots
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Appendix Figure B-2     A418 TDS Timeseries
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Appendix Figure B-3    A154 Countour Plots

Scenario 2a (A154, 209 m Water Cap) Scenario 3a (A154 159 m Water Cap) Scenario 4a (A154 , 209 m Water Cap)
Scenario 2a (Development Case, 150 m Water Cap)

TDS Plots
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Appendix Figure B-4     A154 TDS Timeseries
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Appendix Figure B-5    A21 Countour Plots

Scenario 2-a (A21 , 85 m Water Cap) Scenario 3-a (A21, 51 m Water Cap) Scenario 4-a (A21 , 85 m Water Cap)
Tracer Plots

TDS Plots
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Appendix Figure B-6     A21 Tracer Timeseries
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Appendix Figure B-7     A418, Instantaneous Fully Mixed Tracer Concentration
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Appendix Figure B-8    A154, Instantaneous Fully Mixed Tracer Concentration
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Appendix Figure B-9     A21, Instantaneous Fully Mixed Tracer Concentration
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Appendix Figure B-10    Predicted Daily Maximum Concentrations in the A418-2a Pit Lake over 100-year Period after Closure
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Appendix Figure B-11     Predicted Daily Maximum Concentrations in the A418-3a Pit Lake over 100-year Period after Closure
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Appendix Figure B-12     Predicted Daily Maximum Concentrations in the A418-4a Pit Lake over 100-year Period after Closure
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Appendix Figure B-13     Predicted Daily Maximum Concentrations in the A154-2a Pit Lake over 100-year Period after Closure
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Appendix Figure B-14     Predicted Daily Maximum Concentrations in the A154-3a Pit Lake over 100-year Period after Closure
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Appendix Figure B-15     Predicted Daily Maximum Concentrations in the A154-4a Pit Lake over 100-year Period after Closure
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Appendix Figure B-16     Predicted Daily Maximum Concentrations in the A21-2A Pit Lake over 100-year Period after Closure
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Appendix Figure B-17    Predicted Daily Maximum Concentrations in the A21-3A Pit Lake over 100-year Period after Closure
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Appendix Figure B-18     Predicted Daily Maximum Concentrations in the A21-4A Pit Lake over 100-year Period after Closure
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Appendix Figure B-19     A418, Scenario 2a, Predicted Concentrations in the A418-2a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-20     A418, Scenario 3a, Predicted Concentrations in the A418-3a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-21     A418, Scenario 4a, Predicted Concentrations in the A418-4a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-22     A154, Scenario 2a, Predicted Concentrations in the A154-2a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-23     A154, Scenario 3a, Predicted Concentrations in the A154-3a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-24     A154, Scenario 4a, Predicted Concentrations in the A154-4a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-25     A21, Scenario 2a, Predicted Concentrations in the A21-2a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-26     A21, Scenario 3a, Predicted Concentrations in the A21-3a Pit Lake over 100-year Period after Closure for Cumulative Effects
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Appendix Figure B-27     A21, Scenario 4a, Predicted Concentrations in the A21-4a Pit Lake over 100-year Period after Closure for Cumulative Effects
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