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Joseph Mackenzie, Chair 
Wek’èezhìi Land and Water Board 
PO Box 32 
Wekweètì, NT X1A 3S3 
Canada 
 
11 October 2019 
 
Dear Mr. Mackenzie: 
 
Subject: DDMI Submission – AEMP Design Plan Version 5.1 
Please find attached Diavik Diamond Mines (2012) Inc.’s (DDMI) revised version of the 
Aquatic Effects Monitoring Program (AEMP) Design Plan (as Version 5.1). The revisions in 
AEMP Design Plan Version 5.1 address Directives outlined by the Wek’èezhìi Land and 
Water Board (WLWB or Board) in its March 25, 2019 Decision1 following its review of AEMP 
Design Plan Version 5.0, the 2014 to 2016 Aquatic Effects Re-evaluation Report, and the 
2017 AEMP Annual Report. 
 
As an outcome of the review process for AEMP Design Plan Version 5.0, the Board directed 
DDMI to engage with interested parties on a number of topics that are related to the 
proposed AEMP Design Plan updates. The outcomes of the engagement meetings are 
outlined in Section 8 and Appendix A, and have been reflected in the updated AEMP Design 
Plan Version 5.1. Key changes for Version 5.1 of the AEMP Design Plan are listed in 
Section 1.2.1. 
 
The AEMP Design Plan Version 5.1 includes the following: 
 Updates that are based on comments and Directives from the WLWB review 

process for the 2014 to 2016 Aquatic Effects Re-evaluation Report, the AEMP 
Design Plan Version 5.0, and the 2017 AEMP Annual Report. 
 

 Concordance of the proposed AEMP Design Plan Version 5.1 with Water Licence 
W2015L2-0001, Part J Item 2, Schedule 8, Item 1 (see Section 1.3). 

 
 Concordance of the AEMP Design Plan Version 5.1 with relevant WLWB Directives 

and recommendations (see Section 8.0). 
 
                                                
1 2014 to 2016 Aquatic Effects Re-evaluation Report and AEMP Design Plan, Version 5.0 – WLWB 
Directives and Decision, 25 March 2019. 
 
1 2017 AEMP Annual Report – WLWB Directives and Decision, 25 March 2019. 
 

http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20AEMP%20-%202014%20to%202016%20Re-eval%20Report%20and%20Design%20Plan%20V5%20-%20Reasons%20for%20Decision%20-%20Mar%2025_19.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20AEMP%20-%202014%20to%202016%20Re-eval%20Report%20and%20Design%20Plan%20V5%20-%20Reasons%20for%20Decision%20-%20Mar%2025_19.pdf
http://registry.mvlwb.ca/Documents/W2015L2-0001/Diavik%20-%20AEMP%20Annual%20Report%20-%202017%20-%20Reasons%20for%20Decision%20-%20Mar%2025_19.pdf
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 A power analysis of the statistical methods used to assess Action Levels for 
plankton, benthic invertebrates, and fish tissue and fish health (see Appendix C).  

 
The results of the power analysis demonstrate that the statistical methods proposed to be 
used in the Action Levels for biological effects have adequate power to detect effects in the 
Near Field (NF) area of Lac de Gras when used in combination with the entirety of the 
AEMP analyses by each component and the weight-of-evidence (WOE) assessment. 
 
To provide transparency and assist with the efficient review of the AEMP Design Plan 
Version 5.1, changes between Version 5.0 (V5.0) and Version 5.1 (V5.1) have been 
documented in Appendix B. 
 
Finally, DDMI notes that a Special Study to help tease apart the effects of dust deposition 
versus effluent on total phosphorus (TP) concentrations was completed by DDMI in the 
2019 season and will be included in the Special Effects Study Reports of the 2019 AEMP 
Annual Report. 
 
Please do not hesitate to contact the undersigned if you have any questions related to this 
submission. 
 
 
 
Yours sincerely, 

 

 

Sean Sinclair 
Principal Advisor, Environment and Closure Readiness  

 

 
 
cc: Anneli Jokela, WLWB  
 Kassandra DeFrancis, WLWB 
 
Attached: AEMP Design Plan Version 5.1 
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Table B-1: Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
3.4.2 Sampling Locations 
(Sampling Design) 

The AEMP evaluates three general areas of Lac de Gras defined by distance from the Mine effluent 
diffusers, referred to as NF, MF and FF areas; all of these areas are considered exposure areas since 
the AEMP Design Plan Version 4.1 (Golder 2017a). They consist of one NF area, three FF areas (i.e., 
FF1, FFA and FFB) and three MF areas (i.e., MF1, MF2-FF2, and MF3; Figure 3.4-1). The MF areas 
are located along transects between the NF and FF areas. Stations in the FF2 exposure area (formerly 
a full FF area, but now reduced to two stations, FF2-2 and FF2-5) is included in the MF2 transect, 
because the FF2 area stations are located at the far northeast end of the MF2 transect. In addition to 
these areas in Lac de Gras, The AEMP also samples selected variables at three stations in Lac du 
Sauvage (LDS-1, LDS-2 and LDS-3), one station at the Lac du Sauvage narrows (LDS-4), and one 
station at the outlet of Lac de Gras to the Coppermine River (LDG-48). 

The AEMP Design Plan Version 5.0 sampling stations are shown in Figure 3.4-1 and Table 3.4-1. The 
majority of these stations were established during AEMP Study Design Version 2.0 and specific 
locations were chosen in the field to minimize physical variation among stations to the extent possible. 
Since the primary physical variable that influences sediment composition and benthic invertebrate 
communities in lakes is water depth, station locations were selected to be within the relatively narrow 
depth range of 18 to 22 m. The locations of a number of the MF stations were adjusted for the AEMP 
Study Design Version 3.0 to better delineate the extent of effects in the lake (Golder 2011b). These 
adjustments have been retained for the AEMP Design Plan Version 5.0. The station at the Lac du 
Sauvage narrows was added in AEMP Study Design Version 4.1 (Golder 2017a) and is retained to 
capture incoming water quality to Lac de Gras, and allow for estimating loads of key water quality 
parameters entering the lake.  

Within Lac de Gras, water quality, indicators of eutrophication, sediment quality, plankton and benthic 
invertebrates will be sampled at the same locations. Small-bodied fish (Slimy Sculpin, Cottus cognatus) 
will be collected along the shoreline, close to the AEMP stations (Figure 3.4-1).  

Water quality, nutrients and chlorophyll a will be sampled at the Lac de Gras outlet to the Coppermine 
River (Station LDG-48) using the methods employed since 2000, and according to the commitments 
made with the community of Kugluktuk. Water quality, nutrients, chlorophyll a and plankton will be 
sampled at three stations in Lac du Sauvage (LDS-1, LDS-2 and LDS-3) upstream of the lake outlet. 
Water quality, nutrients, and chlorophyll a will be sampled at the narrows (LDS-4) where the Lac du 
Sauvage outflow enters Lac de Gras. Water from Lac du Sauvage is more productive than that of Lac 
de Gras and has the potential to affect the FF2 stations, which are located at the far northeast end of 
the MF2 transect; therefore, sampling at the narrows allows an evaluation of whether changes 
occurring at the FF2 stations are due to exposure to Mine effluent or changes related to the quality of 
water entering Lac de Gras.  

The AEMP evaluates three general areas of Lac de Gras defined by distance from the Mine effluent 
diffusers, referred to as NF, MF and FF areas; all of these areas are considered exposure areas.  They 
consist of one NF area, three FF areas (i.e., FF1, FFA and FFB) and three MF areas (i.e., MF1, MF2-
FF2, and MF3; Figure 3.4-1). The MF areas are located along transects between the NF and FF areas. 
Stations in the FF2 exposure area (formerly a full FF reference area consisting of five stations, but now 
reduced to two stations, FF2-2 and FF2-5) is included in the MF2 transect, because the FF2 area 
stations are located at the far northeast end of the MF2 transect. In addition to these areas in Lac de 
Gras, the AEMP also samples selected variables at one station in Lac du Sauvage (LDS-1), one 
station at the Lac du Sauvage narrows (LDS-4), and one station at the outlet of Lac de Gras to the 
Coppermine River (LDG-48).   

Version 5.1 of the AEMP includes the addition of two new stations: Station FFD-1 and Station FFD-2. 
Station FFD-1 will be located between the existing FF1 and MF3 areas and will form a part of the 
existing MF1 transect. Station FFD-2 will be located between the FFB and FFA areas and will form a 
part of the existing MF3 transect. As these new stations will form a part of existing transects, they are 
not considered to represent a new FF sampling area, or stations within existing FF areas.  

The AEMP Design Plan Version 5.1 sampling stations are shown in Figure 3.4-1 and Table 3.4-1. The 
majority of these stations were established during AEMP Study Design Version 2.0 and specific 
locations were chosen in the field to minimize physical variation among stations to the extent possible. 
Since the primary physical variable that influences sediment composition and benthic invertebrate 
communities in lakes is water depth, station locations were selected to be within the relatively narrow 
depth range of 18 to 22 m. The locations of a number of the MF stations were adjusted for the AEMP 
Study Design Version 3.0 to better delineate the extent of effects in the lake (Golder 2011b). These 
adjustments have been retained for the AEMP Design Plan Version 5.1. The station at the Lac du 
Sauvage narrows was added for AEMP Study Design Version 4.1 (Golder 2017a) and is retained to 
capture incoming water quality to Lac de Gras, and to allow for estimating concentrations of key water 
quality parameters entering the lake. 

Within Lac de Gras, water quality, indicators of eutrophication, sediment quality, plankton and benthic 
invertebrates will be sampled at the same locations. Small-bodied fish (Slimy Sculpin, Cottus cognatus) 
will be collected along the shoreline, close to the AEMP stations (Figure 3.4-1). 

Water quality, nutrients, chlorophyll a and phytoplankton will be sampled at the Lac de Gras outlet to 
the Coppermine River (Station LDG-48) using the methods employed since 2000, and according to the 
commitments made with the community of Kugluktuk. Monitoring of zooplankton biomass under both 
the eutrophication indicators component and the plankton component will not occur at LDG-48 
because it is characterized by shallow, flowing water and is ecologically dissimilar to the open-water 
lake habitat represented by other AEMP stations. 

Water quality, nutrients, chlorophyll a and phytoplankton will be sampled at one station in Lac du 
Sauvage (LDS-1) upstream of the lake outlet. Water quality, nutrients,  chlorophyll a and phytoplankton 
will also be sampled during the open-water season at the narrows (LDS-4), where the Lac du Sauvage 
outflow enters Lac de Gras. Due to unstable ice conditions at the outlet, sampling during the ice-cover 
season is not possible. Inflowing water from Lac du Sauvage is more productive than that of Lac de 
Gras and has the potential to affect the FF2 stations, which are located at the far northeast end of the 
MF2 transect; therefore, sampling at the narrows allows an evaluation of whether changes occurring at 
the FF2 stations are due to exposure to Mine effluent or are related to the quality of water entering 
Lac de Gras. Monitoring of zooplankton biomass under both the eutrophication indicators component 
and the plankton component will not occur at this station, because it is characterized by shallow, 
flowing water and is ecologically dissimilar to the open-water lake habitat represented by other AEMP 
stations.  

Updates to clarify history related to FF2 exposure area. 

Updates to sampling stations to reflect commitments made by 
DDMI during engagement meetings with GNWT-ENR and 
ECCC (Directive 2A in WLWB 2019a; Appendix A, Table A-1). 

Edits to indicate that phytoplankton will be sampled at Station 
LDG-48 (Appendix A, Table A-1), but that zooplankton 
biomass under both the eutrophication indicators component 
and the plankton component will not be. 

Edits to indicate that phytoplankton will be sampled at Stations 
LDS-1 and LDS-4 (Directive 2A in WLWB 2019a; Appendix A, 
Table A-1). 

Clarification that sampling at Station LDS-4 will be during the 
open-water season only due to unsafe ice conditions.  

Edits to indicate that monitoring of zooplankton biomass under 
both the eutrophication indicators component and the plankton 
component will not occur at Station LDS-4 (Directives 2E and 
2F in WLWB 2019a) 

Table 3.4-1: Locations of AEMP 
Design Plan Version 5.1 Sampling 
Stations 

- 10 areas
- 31 stations

- 12 areas
- 39 Stations total. Stations added: FF1-1,2,3,4,5; FFA-1,2,3,4,5; FFB-1,2,3,4,5; FFD-1,2
- - UTMs and Distances updated for new Stations

Updates to sampling stations to reflect commitments made by 
DDMI during engagement meetings with GNWT-ENR and 
ECCC (Directive 2A in WLWB 2019a; Appendix A, Table A-1). 

Table 3.4-1: Locations of AEMP 
Design Plan Version 5.1 Sampling 
Stations 

UTM = Universal Transverse Mercator, NAD83, Zone 12V; - = not applicable; stations are upstream of 
Lac de Gras. 
a) Approximate distance from the Mine effluent diffusers along the most direct path of effluent flow.
b) To be determined during the first sampling event at this station.

UTM = Universal Transverse Mercator, NAD83, Zone 12V; - = not applicable; stations are upstream of 
Lac de Gras. 
a) Approximate distance from the Mine effluent diffusers along the most direct path of effluent flow.
b) Locations are approximate and will be confirmed during the first sampling at these stations.
c) Stations designated FFD do not represent a distinct FF sampling area.

Clarification that station locations will be finalized during field 
sampling. 

Updates to sampling stations to reflect commitments made by 
DDMI during engagement meetings with GNWT-ENR and 
ECCC (Directive 2A in WLWB 2019a; Appendix A, Table A-1). 
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Table B-1: Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
3.5 Schedule The sampling schedule for the AEMP Study Design Version 5.0 will follow that of the AEMP Study 

Design Version 4.1 (Golder 2017a). Variables utilized as indicators of eutrophication, including 
plankton, will continue to be sampled on an annual basis (Table 3.5-1). In addition, water quality 
monitoring will continue at a monthly frequency at the mixing zone boundary and at an annual 
frequency in the NF and MF areas to retain the ability to detect early-warning changes and any 
unexpected change in a water quality variable. Sediments (with the exception of annual sampling at 
the mixing zone boundary under the SNP), benthic invertebrates and small-bodied fish will be 
monitored at the frequency of once every three years.  

The Slimy Sculpin survey is conducted at a frequency of once every three years to balance the lethal 
effects of the program against the sampling requirements. However, if two consecutive sampling events 
demonstrate that toxicological effects are not observed (i.e., Action Level 3 has not been triggered), then 
the next survey would take place in six years. This is consistent with the federal Environmental Effects 
Monitoring (EEM) program for metal mines (Environment Canada 2012). If fish health assessment 
endpoints demonstrate effects equivalent to Action Level 3 (Table 5.2-4), a Lake Trout (Salvelinus 
namaycush) survey would be conducted, if appropriate. The specific timing of a Lake Trout fish health 
survey, however, would be defined in an AEMP Response Plan, which would be implemented as and 
when approved by the WLWB. The mercury in Lake Trout survey would only occur if the small-bodied 
fish tissue chemistry results indicate an increasing trend in mercury due to the Mine. Additional sampling 
of biological components may be required if an Action Level in the Response Framework (Section 5.0) 
is triggered. For example, at Action Level 1, the follow-up action for biological components is confirmation 
of the effect. The specific timing of a follow-up study, however, would be defined in an AEMP Response 
Plan (Section 7.5), which would be implemented as and when approved by the WLWB. 

The comprehensive sampling program, when all AEMP components will be sampled at all stations, will 
occur every three years (i.e., next program in 2019; Table 3.5-2) and the report will be submitted in the 
following year (Section 7.3). The Aquatic Effects Re-evaluation Report summarizing the 2017 to 2019 
monitoring period (Section 7.4) will be submitted six months following approval of the comprehensive 
AEMP Annual Report (expected in late 2020, contingent on WLWB approval). The 2014 to 2016 
Aquatic Effects Re-evaluation Report was prepared in 2018 and summarized data collected under the 
AEMP Version 3.5, and was used to evaluate updates to this AEMP Design Plan Version 5.0. The next 
AEMP Design Plan (Version 6.0; Section 7.2) is proposed to be submitted in 2020 (concurrent with the 
next Aquatic Effects Re-evaluation Report). This schedule aligns submission of the AEMP reports and 
allows for a detailed assessment of effects trend analyses concurrent to development of the AEMP 
Design Plan.  

The AEMP Annual Report for interim sampling years (i.e., the years in which comprehensive sampling 
is not undertaken; e.g., 2018, 2020; Section 7.3) would assess effects on water quality variables, 
indicators of eutrophication, and plankton, by determining if an Action Level has been triggered 
(Section 5.0). This approach follows the concept of the tiered, three-year cycle approach that has been 
successfully applied in regulatory-driven, national-scale AEMPs, such as the federal pulp and paper, 
and metal mining EEM programs (Environment Canada 2010, 2012). 

The sampling schedule for the AEMP Study Design Version 5.1 will follow that of the AEMP Study 
Design Version 5.0 (Golder 2017a). Variables utilized as indicators of eutrophication, including 
plankton, will continue to be sampled on an annual basis in the NF and MF (including FF2) areas 
(Table 3.5-1). In addition, water quality monitoring will continue at a monthly frequency at the mixing 
zone boundary and at an annual frequency in the NF and MF (including FF2) areas to retain the ability 
to detect early-warning changes and any unexpected change in a water quality variable. Sediments 
(with the exception of annual sampling at the mixing zone boundary under the SNP), benthic 
invertebrates and small-bodied fish will be monitored at the frequency of once every three years. 

As an update for Version 5.1 of the AEMP, water quality, eutrophication indicators and plankton 
variables will be sampled annually at the new FFD-1 station, located in the northern channel, east of 
the East Island, and at the existing FF1-2 station in the FF1 area (Figure 3.4-1). This update will 
provide an opportunity to evaluate the spatial extent of effects in the FF1 area (as represented by 
annual sampling at Station FF1-2), through the northern channel, on an annual basis. Station FFD-2 
will be sampled every three years during the comprehensive sampling program. 

The Slimy Sculpin survey is conducted at a frequency of once every three years to balance the lethal 
effects of the program against the sampling requirements. However, as an update for Version 5.1 of 
the AEMP, it is recommended that upon two consecutive sampling events demonstrating lack of 
toxicological effects (i.e., Action Level 2 [Section 5.2.4] has not been triggered), the following survey 
would only consist of the relative abundance survey. This way, the relative abundance survey is 
undertaken every three years, whereas the comprehensive, lethal fish health and tissue portion of the 
survey is undertaken every six years if Action Level 2 has not been triggered or every three years 
otherwise. This schedule is consistent with the federal environmental effects monitoring (EEM) 
program for metal mines (Environment Canada 2012. If fish health assessment endpoints demonstrate 
effects equivalent to Action Level 3 (Table 5.2-4), it is expected a Lake Trout (Salvelinus namaycush) 
survey would be initiated, if appropriate. 

The specific timing of a Lake Trout fish health survey would be defined in an AEMP Response Plan, 
which would be implemented as and when approved by the WLWB. It is possible that such a program 
would be limited to a non-lethal tissue chemistry sampling program (e.g., for mercury analyses from 
tissue plugs) or could be a lethal fish health survey, dependent on the Action Level trigger which 
initiated the study. The mercury in Lake Trout survey would only occur if the small-bodied fish tissue 
chemistry results indicate an increasing trend in mercury due to the Mine. Additional sampling of 
biological components may be required if an Action Level in the Response Framework (Section 5.0) is 
triggered. For example, at Action Level 1, the follow-up action for biological components is confirmation 
of the effect. The specific timing of a follow-up study, however, would be defined in an AEMP 
Response Plan (Section 7.5), which would be implemented as and when approved by the WLWB. 

The comprehensive sampling program, when all AEMP components will be sampled at all stations, will 
occur every three years (i.e., next program in 2022; Table 3.5-2) and the report will be submitted in the 
following year (Section 7.3). The Aquatic Effects Re-evaluation Report summarizing the 2017 to 2019 
monitoring period (Section 7.4) will be submitted on or before 31 December 2020. The next AEMP 
Design Plan (Version 6.0; Section 7.2) is proposed to be submitted in 2020 (concurrent with the next 
Aquatic Effects Re-evaluation Report). This schedule aligns submission of the AEMP reports and 
allows for a detailed assessment of effects trend analyses concurrent to development of the AEMP 
Design Plan.  

Clarification that the FF2 area will be sampled annually. 

The update pertaining to Stations FF1-2 and FFD-1 is an 
improvement that DDMI is proposing for Version 5.1 of the 
AEMP design. Water quality, eutrophication indicators and 
plankton variables will be sampled annually at the new FFD-1 
station, and at the existing FF1-2 station in the FF1 area. This 
update will provide an opportunity to evaluate the spatial 
extent of effects in the FF1 area (as represented by annual 
sampling at Station FF1-2), and south into the northern 
channel, on an annual basis. 

Update to sampling schedule for Slimy Sculpin Survey 
(Directive 2I in WLWB 2019 a and Table 8-1).  

Update to the timing of the next comprehensive program. 

Update to the timing of the submission date for the next 
Aquatic Effects Re-evaluation Report. 

Update to details of what a Lake Trout survey may look like 
reflects commitments made by DDMI during engagement 
meetings with EMAB (Directive 2A in WLWB 2019a, Appendix 
A, Table A-1). 

Table 3.5-1: Summary of the 
AEMP Design Plan Version 5.1 

Nothing removed - Sampling Depth: LDS-4 and LDG-48 added to Water Quality and Indicators of Eutrophication
rows

- Locations: FF 17, LDS 42, FF2, LDS 1 added to multiple rows
- Frequency: FF1-2 and FFD-1 added to Effluent Plume, Water Quality, Indicators of

Eutrophication, Phytoplankton and Zooplankton rows
- Soluble Reactive Silica added to Indicators of Eutrophication Components

Updated data in table to match V5.1. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
Table 3.5-1: Summary of the 
AEMP Design Plan Version 5.1 

SNP = Surveillance Network Program; TOC = total organic carbon. 
a) Refer to Figure 3.4-2 for sampling locations. 
b) Sampling for chlorophyll a and zooplankton biomass is not conducted during the ice-cover season. 
c) Additional sampling of biological components may be required if an Action Level in the Response 
Framework (Section 5.0) is triggered. Timing of a follow-up study would be defined in the AEMP 
Response Plan (Section 7.5), which would be implemented as and when approved by the WLWB.  
d) Sampling to be initiated if/when Metal Mining Effluent Regulations are applied to diamond mines.   

SNP = Surveillance Network Program; TOC = total organic carbon. 
a) Refer to Figure 3.4-2 for sampling locations. 
b) Sampling for chlorophyll a and zooplankton biomass is not conducted during the ice-cover season. 
c) Additional sampling of biological components may be required if an Action Level in the Response 
Framework (Section 5.0) is triggered. Timing of a follow-up study would be defined in the AEMP 
Response Plan (Section 7.5), which would be implemented as and when approved by the WLWB. 
Slimy Sculpin sampling frequency may change to once every 6 years for the lethal sampling program if 
no toxic effects were documented in two consecutive programs (i.e., if Action Level 2 has not been 
triggered). 
d) Sampling for water quality and nutrients is not conducted at Stations LDS-4 during the ice-cover 
season due to unsafe access conditions at the outlet.  
e) Zooplankton biomass samples, under both the eutrophication indicators component and the 
plankton component are not collected at Stations LDS-4 and LDG-48 during the open-water season, 
due to the shallow depth and flowing water at these stations, which makes them inappropriate for 
zooplankton sampling.  

Updated footnotes to match V5.1  
 
Clarification that sampling at Station LDS-4 will be during the 
open-water season only due to unsafe ice conditions.  
 
Updates to reflect Slimy Sculpin proposed sampling 
frequency.  
 
Edits to indicate that Monitoring of zooplankton biomass under 
both the eutrophication indicators component and the plankton 
component will not occur at Station LDS-4 (Directives 2E and 
2F in WLWB 2019a) and LDG-48 (Appendix A, Table A-1) 
 

Table 3.5-2: AEMP Sampling 
Schedule 

Nothing removed Column added for 2024 Sampling Schedule 

SRS added to Indicators of Eutrophication and Figure Legend 

Removed schedule for 2018 and added the schedule for 
2024. 
 
Update to add soluble reactive silica as a parameter evaluated 
by the Eutrophication Indicators component (EMAB Comment 
84 in WLWB 2017 and in Table 8-1) 

3.6 Quality Assurance/Quality 
Control Procedures 

Part J, Item 4 of the Water Licence W2015L2-0001 specifies that DDMI must comply with the approved 
AEMP Quality Assurance Project Plan (QAPP). Every three years, or as directed by the WLWB, DDMI 
is required to review and revise the QAPP for WLWB approval. The QAPP was last updated in June 
2017 (as Version 3.1; Golder 2017d) and includes changes reflected herein. The QAPP for the Mine’s 
AEMP encompasses the SNP QA/QC plan. The plan outlines the QA/QC procedures to support the 
collection of scientifically-defensible and relevant data, and to facilitate meeting AEMP objectives. The 
QAPP outlines the planning, implementation and assessment procedures used to apply specific 
QA/QC activities and criteria to the AEMP. QA/QC procedures are reviewed and revisited annually to 
address potential issues arising from the previous year of monitoring.  

Part J, Item 4 of the Water Licence W2015L2-0001 specifies that DDMI must comply with the approved 
AEMP Quality Assurance Project Plan (QAPP). Every three years, or as directed by the WLWB, DDMI 
is required to review and revise the QAPP for WLWB approval. The QAPP was last updated in June 
2017 (as Version 3.1; Golder 2017d). The QAPP for the Mine’s AEMP encompasses the SNP QA/QC 
plan. The plan outlines the QA/QC procedures to support the collection of scientifically-defensible and 
relevant data, and to facilitate meeting AEMP objectives. The QAPP outlines the planning, 
implementation and assessment procedures used to apply specific QA/QC activities and criteria to the 
AEMP. QA/QC procedures are reviewed and revisited annually to address potential issues arising from 
the previous year of monitoring. 

Removed “and includes changes reflected herein” 

Removed a false statement from previous version. 

3.6 Quality Assurance/Quality 
Control Procedures 

The QAPP includes the following components: 

 field program (e.g., staff training, procedures and responsibilities; Standard Operating Procedures 
[SOPs]) 

 sample collection (e.g., equipment calibration and cleaning; avoidance of cross contamination; 
dust; water; zooplankton; benthic invertebrates; fish; field, travel, duplicate blanks) 

 documentation (e.g., field logs, labeling; chain of custody) 
 sample handling and shipping 
sample analysis (e.g., equipment calibration and cleaning; avoidance of cross contamination; dust; 
water; zooplankton; benthic invertebrates; fish; field, travel, duplicate and equipment blanks; detection 
limits (DLs); analytical spikes) 

The QAPP includes the following components: 

 field program (e.g., staff training, procedures and responsibilities; Standard Operating Procedures 
[SOPs]) 

 sample collection (e.g., equipment calibration and cleaning; avoidance of cross contamination; 
dust; water; zooplankton; benthic invertebrates; fish; duplicate samples; and field, trip, and 
equipment blanks) 

 documentation (e.g., field logs, labeling; chain of custody) 
 sample handling and shipping 
 sample analysis (e.g., equipment calibration and cleaning; avoidance of cross contamination; dust; 

water; zooplankton; benthic invertebrates; fish; duplicate samples; field, trip, and equipment 
blanks; detection limits (DLs); analytical spikes)  

Corrected error from previous version. 

4.1.1 TK Framework (Traditional 
Ecological Knowledge) 

The development of a methodology by which TK has been incorporated into the AEMP was initiated at 
community meetings that took place during the AEMP Version 3.0 (Golder 2011b). The AEMP Design 
Plan Version 5.0 will include a similar role of TK in aquatic monitoring with the aim of identifying 
potential links between TK and overall mine operations, planning and management. 

 

The development of a methodology by which TK has been incorporated into the AEMP was initiated at 
community meetings that took place during the AEMP Version 3.0 (Golder 2011b). During the planning 
session for the 2018 TK program, participants expressed their satisfaction with the approach taken as 
an outcome of the community meetings held during the AEMP Version 3.0, and affirmed that they 
would like to see a similar approach continued for future programs. Therefore, the AEMP Design Plan 
Version 5.1 will include a similar role of TK in aquatic monitoring with the aim of identifying potential 
links between TK and overall mine operations, planning and management. 

A TK program occurred in 2018, after the last AEMP Design 
Plan update. The update reflected in the TK section of the 
Plain Language Summary is intended to provide more recent 
information regarding community input on the direction of the 
TK program for future AEMP cycles. The previous update was 
from Version 3.0. 

4.1.3 Scheduling for Community 
Input, Training, and Field Studies 

The fish palatability and texture studies and the water quality and quantity studies will be conducted in 
2018. Details of when the camp will occur as well as which community members will attend will be 
discussed at the planning meetings held in the spring 2018. Table 4.1-1 presents the schedule for the 
meetings, training and field studies. This process is similar to that undertaken for the previous TK 
programs.  

The fish palatability and texture studies and the water quality and quantity studies will be conducted in 
2021. Details of when the camp will occur as well as which community members will attend will be 
discussed at the planning meetings held in 2021, in advance of the camp. Table 4.1-1 presents the 
schedule for the meetings, training and field studies. This process is similar to that undertaken for the 
previous TK programs.  

A TK program occurred in 2018, after the last AEMP Design 
Plan update. The update identifies the year of the next TK 
program planned under the AEMP. 

Table 4.1-1: Schedule for the TK 
Components of the AEMP 

2018 2021 A TK program occurred in 2018, after the last AEMP Design 
Plan update. The update identifies the year of the next TK 
program planned under the AEMP. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.2.2.1 Snow Cores (Dust 
Deposition) 

Duplicate samples will be collected at three stations for QA/QC purposes. Location of the duplicate 
samples is randomly selected and therefore changes each year.  Composite snow core samples 
collected for the duplicates will also be subsampled to provide the minimum volume of snow water 
required to conduct sample analyses (Section 4.2.4). 

Duplicate samples will be collected at three stations for QA/QC purposes. Location of the duplicate 
samples is randomly selected and therefore changes each year.  Composite snow core samples 
collected for the duplicates will also be subsampled to provide the minimum volume of snow water 
required to conduct sample analyses (Section 4.2.4). There are no trip or field blanks collected for 
snow cores. One equipment blank is prepared each year using de-ionized water to assess potential for 
equipment-related contamination of snow samples. 

Edit reflects commitment made in Table 8-2 in response to 
EMAB-111. 

4.2.2.2 Dustfall Guages (Dust 
Deposition) 

Dustfall gauges will be deployed in early January each year and will be retrieved and re-deployed on 
four occasions over the course of the monitoring year (e.g., in March, June, September and December) 
before being retrieved for the final time in December. Dustfall gauge retrieval consists of replacing the 
cylinders in each dust gauge with clean cylinders. The retrieved cylinders will then be processed in the 
DDMI environment laboratory to determine the quantity of particulate material deposited.  

Dustfall gauges will be deployed in early January each year and will be retrieved and re-deployed on 
four occasions over the course of the monitoring year (e.g., in March, June, September and December) 
before being retrieved for the final time in December. Dustfall gauge retrieval consists of replacing the 
cylinders in each dust gauge with clean cylinders. The retrieved cylinders will then be processed in the 
DDMI environment laboratory to determine the quantity of particulate material deposited. There are no 
trip or field blanks for dustfall samples.  

Edit reflects commitment made in Table 8-2 in response to 
EMAB-111. 

4.2.4.1 Data Screening (Dust 
Deposition) 

Initial screening of the snow core dataset will be completed to identify unusual values and decide 
whether to retain or exclude anomalous data from further analyses. Screening of dustfall and snow 
chemistry data employs a Q-test (Z-score) to identify individual data that are greater than three 
standard deviations (SD) from the arithmetic mean of all data collected at that station. The identification 
and removal of outliers for dustfall and snow dust data has been very infrequent (e.g., maximum of 2 in 
any year, and none since 2012). 

 

Initial screening of the snow core dataset will be completed to identify unusual values and decide 
whether to retain or exclude anomalous data from further analyses. Screening of dustfall and snow 
chemistry data employs a Q-test (Z-score) to identify individual data that are greater than three 
standard deviations (SD) from the arithmetic mean of all data collected at that station. The identification 
and removal of outliers for dustfall and snow dust data has been very infrequent (e.g., maximum of 2 in 
any year, and none since 2012). 

Removed “high (or low)” from unusual values statement. 

Simplified text. 

4.3.2 Field Methods (Water 
Quality) 

Sampling will be conducted once during late ice-cover conditions (i.e., April and/or May) and once 
during open-water conditions (i.e., 15 August to 15 September). Water quality sampling during both the 
ice-cover and open-water seasons will occur at the same locations as the sampling for other AEMP 
components (Section 3.4.2). Sampling will occur monthly at the SNP mixing zone stations and annually 
at the NF and MF exposure stations, according to the schedule presented in Section 3.5. 
Water samples will be collected from all stations every three years to re-assess the magnitude and 
extent of effects 

Sampling will be conducted once during late ice-cover conditions (i.e., April and/or May) and once 
during open-water conditions (i.e., 15 August to 15 September). Water quality sampling during both the 
ice-cover and open-water seasons will occur at the same locations as the sampling for other AEMP 
components (Section 3.4.2). Sampling will occur monthly at the SNP mixing zone stations and annually 
at the NF and MF exposure stations, according to the schedule presented in Section 3.5. As an update 
for Version 5.1 of the design, water quality samples will also be collected annually from Stations FF1-2 
and FFD-1 (Section 3.5). This information will be used to characterize the spatial extent of effects 
along the MF1 transect, which includes stations FF1-2 and FFD-1, on an annual basis. Water samples 
will be collected from all stations every three years to re-assess the magnitude and extent of effects. 

The update pertaining to Stations FF1-2 and FFD-1 is an 
improvement that DDMI is proposing for V5.1. Water quality, 
eutrophication indicators and plankton variables will be 
sampled annually at the new FFD-1 station, and at the 
existing FF1-2 station in the FF1 area. This update will provide 
an opportunity to evaluate the spatial extent of effects in the 
FF1 area (as represented by annual sampling at Station FF1-
2), and south into the northern channel, on an annual basis. 

4.3.2 Field Methods (Water 
Quality) 

Sampling will occur at three depths (i.e., 2 m from top of water column, mid-depth, and 2 m from 
bottom) at each station in the NF and MF areas and at mid-depth in the FF areas. Sampling will occur 
at three depths in the NF and MF areas, because the position of the effluent plume may vary with 
depth in the water column (DDMI 2005, 2011; Golder 2011a, 2016a). Collection of water samples will 
follow the protocols described in SOP, ENVR-014-0311 (AEMP Ice-cover and Open-water Sampling). 
Water samples will be handled according to SOP, ENVR-206-0112 “Laboratory Quality 
Assurance/Quality Control” and SOP ENVR-206-0112 “Chain of Custody”. 

The water quality sampling program will include collection of in situ water quality measurements. Water 
column profile measurements will be collected with a multi-parameter water quality meter following the 
methods described in DDMI’s SOP ENVR-608-0112 (Hydrolab Calibration, Deployment and 
Download) and SOP ENVR-684-0317 “YSI ProDSS”. 

Sampling will occur at three depths (i.e., 2 m from top of water column, mid-depth, and 2 m from 
bottom) at each station in the NF and MF areas and at mid-depth in the FF areas and at the two new 
FF stations (FFD-1 and FFD-2). Sampling will occur at three depths in the NF and MF areas, because 
the position of the effluent plume may vary with depth in the water column (DDMI 2005, 2011; Golder 
2011a, 2016a). Collection of water samples will follow the protocols described in SOP, ENVR-923-
0119 (AEMP Combined Open-water and Ice-cover Sampling). Water samples will be handled 
according to SOP, ENVI-902-0119 “Quality Assurance Quality Control” and SOP ENVI-900-0119 
“Chain of Custody”. 

The water quality sampling program will include collection of in situ water quality measurements. Water 
column profile measurements will be collected with a multi-parameter water quality meter following the 
methods described in DDMI’s SOP ENVI-918-0119 (Field Meter) and SOP ENVI-684-0317 “YSI 
ProDSS”. 

Updates to Standard Operating Procedure references. 

4.3.4.6 Effluent Dispersion (Data 
Analysis and Interpretation) 

Total barium was used as a tracer element of the Mine effluent in Lac de Gras during previous versions 
of the AEMP. However, barium concentration in effluent and in lake water has been decreasing 
gradually since about 2007, indicating that barium is no longer a reliable effluent tracer. Calculated 
TDS was identified as a suitable replacement for barium for determining presence/absence of Mine 
effluent in Lac de Gras. Calculated TDS was selected as a tracer because it is a relatively conservative 
water quality variable and its concentration in the effluent is relatively high compared to the background 
concentration in Lac de Gras. Calculated TDS also correlates well with many other water quality SOIs, 
making it a potentially useful tracer of treated effluent and for representing the general rate of change 
in concentrations of many SOIs in Lac des Gras. 

Calculated TDS is used as a tracer element of the Mine effluent in Lac de Gras. Calculated TDS was 
selected as a tracer because it is a relatively conservative water quality variable and its concentration 
in the effluent is relatively high compared to the background concentration in Lac de Gras. Calculated 
TDS also correlates well with many other water quality SOIs, making it a potentially useful tracer of 
treated effluent and for representing the general rate of change in concentrations of many SOIs in Lac 
des Gras. 

Removed dated information related to Barium.  

4.3.4.8 Effects from Dust 
Deposition in Lac de Gras 

Concerns have been raised regarding the potential for dust emissions to affect water quality in Lac de 
Gras. To address these concerns, the AEMP Design Plan Version 4.1 (Golder 2017a) included an 
analysis of effects at stations potentially affected by dust emissions. 

Concerns have been raised regarding the potential for dust emissions to affect water quality in Lac de 
Gras. To address these concerns, the water quality component includes an analysis of effects at 
stations potentially affected by dust emissions. 

Edit to simplify text. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.3.4.9 Gradient Analysis (Data 
Analysis and Interpretation) 

The main objective of the gradient analysis will be to evaluate trends in SOI concentrations along the 
effluent exposure gradients (or transects) represented by the three MF areas in Lac de Gras. Each of 
the three gradients analyzed will include the NF stations, MF stations and corresponding FF stations. 
The analysis will be conducted using a combination of graphical and statistical methods. 

The main objective of the gradient analysis will be to evaluate trends in SOI concentrations along the 
effluent exposure gradients (or transects) represented by the three MF areas in Lac de Gras. Each of 
the three gradients analyzed will include the NF stations, MF stations and corresponding FF stations. 
The analysis will be conducted using a combination of graphical and statistical methods. 

During interim years, gradients will be assessed based on the NF stations and MF stations, which are 
sampled annually. The corresponding FF stations will be incorporated into the analysis during 
comprehensive years only. The exception is that Stations FF1-2 and FFD-1, which are sampled 
annually for water quality, eutrophication indicators and plankton, will be included in the spatial analysis 
for the MF1 transect, on an annual basis. 

Station LDS-4, located at the narrows between Lac du Sauvage and Lac de Gras, and Station LDG-48, 
located at the Lac de Gras outflow to the Coppermine River, will be incorporated into the spatial 
analysis annually. Station LDG-48 will be included in the statistical gradient analysis during 
comprehensive years, when data for the FFB and FFA areas are available. During interim years, data 
from station LDG-48 will be considered graphically. Station LDS-4 cannot be included in the statistical 
analysis because it is located upstream of Lac de Gras and is not influenced by the Mine. Therefore, 
concentrations at station LDS-4 will be presented graphically to assist in the interpretation of water 
quality at other AEMP stations. 

Update to clarify that gradients will be assessed based on the 
NF stations and MF stations during interim years and that FF 
stations will be included in the analysis during comprehensive 
years only. 
 
Updates to explain how the two new stations (FFD-1 and 
FFD-2) will be included in the spatial analysis.  
 
Explanation of how stations LDS-4 and LDG-48 will be 
considered in the spatial analysis (EMAB 113 in Table 8-2). 

4.3.4.9 Gradient Analysis (Data 
Analysis and Interpretation) 

Spatial gradients will be analyzed using linear regression. Due to the spatial span of the MF3 gradient, 
variables along the MF3 transect may be non-linear with distance from the diffusers; therefore, the 
analysis will allow for a piecewise regression (also referred to as segmented, or broken stick 
regression). Three models will be constructed: 

Spatial gradients will be analyzed using linear regression. Due to the spatial span of the MF3 transect, 
variables along this gradient may be non-linear with distance from the diffusers; therefore, the analysis 
will allow for a piecewise regression (also referred to as segmented, or broken stick regression). Three 
models will be constructed: 

Edit to clarify intent. 

4.3.4.9 Gradient Analysis (Data 
Analysis and Interpretation) 

Model 3 will not be considered based on data transformations, since the addition of a breakpoint is 
expected to resolve non-linear patterns. 

Model 3 will not be used to establish data transformations, since the addition of a breakpoint is 
expected to resolve non-linear patterns. 

Edit to clarify intent. 

4.3.4.9 Gradient Analysis (Data 
Analysis and Interpretation) 

The model with the lowest AIC among a set of candidate models will be interpreted to have the 
strongest support, given the set of examined models and the collected data (Burnham and Anderson 
2002), and thus will be selected for interpretation. 

The model with the lowest AICc among a set of candidate models will be interpreted to have the 
strongest support, given the set of examined models and the collected data (Burnham and Anderson 
2002), and thus will be selected for interpretation. 

Changed “AIC” to “AICc” to agree with the previous sentence. 

4.3.4.10 Temporal Trend Analysis 
(Data Analysis and Interpretation) 

Normal ranges for Lac de Gras are presented in the AEMP Reference Conditions Report Version 1.2 
(Golder 2017b). 

Normal ranges for Lac de Gras are presented in the AEMP Reference Conditions Report Version 1.4 
(Golder 2019a). The two stations added for Version 5.1 of the AEMP design (FFD-1 and FFD-2) will be 
excluded from the trend analysis because these stations are not part of established sampling areas of 
Lac de Gras, and because there are no long-term data for these locations. 

Edit explains how new stations will be taken into account 
during data analysis. 

4.3.4.10 Temporal Trend Analysis 
(Data Analysis and Interpretation) 

Linear mixed models will be used to analyze spatial and temporal trends. The temporal trend analysis 
will focus on areas and stations with available long-term data. The models will include both stations 
and areas since in the case of NF and FF areas, the stations within the areas may be subject to similar 
levels of exposure to the effluent. Stations within the MF areas are subject to varying levels of 
exposure to the effluent, which necessitates the selection of individual stations in the analysis. Mixed 
models will comprise two constituents: fixed variables (i.e., time and area/station) and random 
variables (i.e., station within area [applicable for NF and FF areas]). The use of random variables will 
allow for variability in the different data components to be correctly assigned (i.e., to stations within 
areas, instead of to areas). All analyses will be performed using the statistical environment R v. 3.4.2 
(R Core Team 2017) and package nlme (Pinheiro et al. 2017). 

 

Linear mixed models will be used to analyze temporal trends. The temporal trend analysis will focus on 
areas and stations with available long-term data. The models will include both stations and areas since 
in the case of NF and FF areas, the stations within the areas may be subject to similar levels of 
exposure to the effluent. Stations within the MF areas are subject to varying levels of exposure to the 
effluent, which necessitates the selection of individual stations in the analysis. Mixed models will 
comprise two constituents: fixed variables (i.e., time and area/station) and random variables (i.e., 
station within area [applicable for NF and FF areas]). The use of random variables will allow for 
variability in the different data components to be correctly assigned (i.e., to stations within areas, 
instead of to areas). Since this analysis is focused on temporal trends, the distance of stations from the 
diffuser and the ordinality of the stations along the gradients are not considered. Instead, temporal 
trends estimated by the model are interpreted within each station, and trends will be compared 
between stations using multiple comparisons following the modeling step. All analyses will be 
performed using the statistical environment R (R Core Team 2019) and packages nlme (Pinheiro et al. 
2017). 

Edit clarifies the use of temporal trends (GNWT-ENR 31 in 
Table 8-2). 

4.3.4.11 Censored Data (Data 
Analysis and Interpretation) 

Not in previous text Observations below the analytical DL are considered censored data. Censored data can potentially 
bias summary statistics calculated using parametric statistics, because of violation of underlying 
assumptions. Based on United States Environmental Protection Agency (USEPA) guidance, a 
screening value of greater than 15% censoring will be used to flag data sets that may require an 
alternative data analysis method (USEPA 2000). The decision of how to analyze the datasets, 
however, will be determined on a variable-by-variable basis during data analysis. The intent of this 
process will be to select the appropriate method for each variable and season, based on the amount of 
censoring within each dataset. 

New section added explaining how censored data will be used 
in order to prevent bias (GNWT-ENR 42 in Table 8-2) 

4.4.2 Field Methods (Sediment 
Quality) 

Similar to methods employed during previous versions of the AEMP, sediment samples will be 
collected by Ekman grab and core sampling according to the protocols described in DDMI’s SOP, 
ENVR-003-0702 (AEMP Ice-cover and Open-water Sampling). 

Similar to methods employed during previous versions of the AEMP, sediment samples will be 
collected by Ekman grab and core sampling according to the protocols described in DDMI’s SOP, 
ENVR-923-0119 (AEMP Combined Open-water and Ice-cover Sampling). 

Updates to Standard Operating Procedure references. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.5.2 Field Methods 
(Eutrophication Indicators) 

Sampling for nutrients will be conducted once during the late ice-cover season (i.e., April and/or May) 
and once during the open-water season (i.e., 15 August to 15 September). Sampling for chlorophyll a 
and zooplankton biomass will occur during the open-water season only. Water quality sampling during 
both the ice-cover and open-water seasons will be conducted at the same locations as the sampling for 
other AEMP components (Section 3.4). Sampling will be conducted in the NF and MF areas on an 
annual basis and in the FF areas every three years during the comprehensive sampling program, 
according to the schedule presented in Section 3.5 

During the ice-cover season, water samples for nutrients from the NF and MF areas will be collected 
from three depths (top, middle and bottom), according to protocols described in DDMI’s SOP, ENVR-
014-0311 (AEMP Ice-cover and Open-water Sampling). Three depths are sampled in these areas, 
because vertical gradients in water chemistry have been observed as a result of the Mine discharge. 
Water samples will be collected from the middle of the water column in the FF areas. 

During the open-water season, depth-integrated samples will be collected for nutrients and chlorophyll 
a from all sampling areas, to provide a better estimate of the concentrations of nutrients to which 
phytoplankton are exposed. Depth-integrated samples will be collected from the top 10 m of the water 
column. 

Procedures that will be followed during the open-water season are outlined in DDMI’s SOP, ENVR-
014-0311 (AEMP Ice-cover and Open-water Sampling). Water samples will be handled according to 
SOP, ENVR-303-0112 (Laboratory Quality Assurance/Quality Control) and SOP ENVR-206-0112 
(Chain of Custody). 

Plankton samples will be collected during the open-water season for the determination of chlorophyll a 
concentrations and zooplankton biomass (as ash-free dry mass). Samples for chlorophyll a will be 
collected as depth-integrated samples from the top 10 m of the water column. 

Twelve sub-samples (or depth-integrated grabs) will be collected at one time and combined into a 
collection jar to form a sample. Aliquots from this collection jar will be placed into chlorophyll a, nutrient 
and phytoplankton taxonomy jars provided by the laboratories. A second set of twelve sub-samples will 
be collected and combined into a collection jar to form a second sample. Aliquots from this collection 
jar will be placed into chlorophyll a, and nutrient jars to produce duplicate samples for analysis. 
Zooplankton biomass samples will be collected with a zooplankton sampling net, and each sample will 
consist of a composite of three vertical hauls of the entire water column. Duplicate samples (each 
consisting of three vertical hauls) will be collected at each station. Phytoplankton biomass data (as 
biovolume) will be generated by the plankton component (Section 4.6). 

Sampling for nutrients will be conducted once during the late ice-cover season (i.e., April and/or May) 
and once during the open-water season (i.e., 15 August to 15 September). Sampling for chlorophyll a 
and zooplankton biomass will occur during the open-water season only. Water quality sampling during 
both the ice-cover and open-water seasons will be conducted at the same locations as the sampling for 
other AEMP components (Section 3.4). Sampling will be conducted in the NF and MF areas on an 
annual basis and in the FF areas every three years during the comprehensive sampling program, 
according to the schedule presented in Section 3.5. As an update for Version 5.1 of the design, 
sampling for nutrients will also occur annually at Stations FF1-2 and FFD-1 (Section 3.5). This 
information will be used to characterize the spatial extent of effects along the MF1 transect, which 
includes stations FF1-2 and FFD-1, on an annual basis. 

During the ice-cover season, water samples for nutrients from the NF and MF areas will be collected 
from three depths (i.e., top, middle and bottom). Three depths are sampled in these areas, because 
vertical gradients in water chemistry have been observed as a result of the Mine discharge. Water 
samples will be collected from the middle of the water column in the FF areas and at Stations LDS-4 
and LDG-48.  

During the open-water season, depth-integrated samples will be collected for nutrients and chlorophyll 
a from all sampling areas, as described in Table 3.5-1, to provide a better estimate of the 
concentrations of nutrients to which phytoplankton are exposed. Depth-integrated samples will be 
collected from the top 10 m of the water column. At Stations LDS-4 and LDG-48, one discrete sample 
will be collected at mid-depth from each station. 

Samples will be collected from all stations with the exception of Stations LDS-4 and LDG-48 during the 
open-water season for the determination zooplankton biomass (as ash-free dry mass). The depths of 
Stations LDS-4 and LDG-48 are shallow, limiting the possibility of plankton net sampling. 

Twelve sub-samples (or depth-integrated grabs) will be collected at one time and combined into a 
collection jar to form a sample. Aliquots from this collection jar will be placed into chlorophyll a, nutrient 
and phytoplankton taxonomy jars provided by the laboratories. A second set of twelve sub-samples will 
be collected and combined into a collection jar to form a second sample. Aliquots from this collection 
jar will be placed into chlorophyll a, and nutrient jars to produce duplicate samples for analysis. 
Duplicate zooplankton biomass samples (each consisting of three vertical hauls) will be collected at 
each station. Phytoplankton biomass data (as biovolume) will be generated by the plankton component 
(Section 4.6). 

Sample collection will follow the protocols described in SOP, ENVR-923-0119 (AEMP Combined 
Open-water and Ice-cover Sampling). Water samples will be handled according to SOP, ENVI-902-
0119 “Quality Assurance Quality Control” and SOP ENVI-900-0119 “Chain of Custody”. 

The update pertaining to Stations FF1-2 and FFD-1 is an 
improvement that DDMI is proposing for Version 5.1 of the 
AEMP design. Water quality, eutrophication indicators and 
plankton variables will be sampled annually at the new FFD-1 
station, and at the existing FF1-2 station in the FF1 area. This 
update will provide an opportunity to evaluate the spatial 
extent of effects in the FF1 area (as represented by annual 
sampling at Station FF1-2), and south into the northern 
channel, on an annual basis. 
 
Updates relating to LDS-4 and LDG-48 clarify the sampling 
requirements, as required for V5.1. 
 
Updates to Standard Operating Procedure references. 

4.5.3 Laboratory Methods 
(Eutrophication Indicators) 

Depth-integrated samples will be submitted to an accredited analytical laboratory for analyses of the 
variables listed in Table 4.5-1. The determination of zooplankton biomass will be conducted by a 
qualified laboratory.  

Nutrient samples will be submitted to an accredited analytical laboratory for analyses of the variables 
listed in Table 4.5-1. The determination of chlorophyll a and plankton biomass will be conducted by a 
qualified laboratory.  

Updates made for clarity. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.5.4 Data Analysis and 
Interpretation (Eutrophication 
Indicators) 

Initial screening of the eutrophication indicators dataset will be completed before data analyses using 
the procedures described for the water quality component in Section 4.3.4.2. 

To assess effects according to the Action Levels (Section 5.2.3), spatial analysis of the data will be 
conducted for biomass indicators and selected nutrient variables (i.e., TP, TN, total dissolved 
phosphorus, soluble reactive phosphorus, soluble reactive silica, total dissolved nitrogen, ammonia, 
and nitrate + nitrite) using the gradient analysis methods described for the water quality component 
(Section 4.3.4.9). During interim years, station LDG-48, located at the outlet of Lac de Gras into the 
Coppermine River, and LDS-4, located in the narrows between Lac du Sauvage and Lac de Gras, will 
also be included in the spatial analysis. 

The spatial extent of Mine effects will be determined by comparing the concentrations of nutrients and 
chlorophyll a, the biomass of zooplankton, and the biovolume of phytoplankton in each sampling area 
to the normal range (as defined in the AEMP Reference Conditions Report Version 1.2 
[Golder 2017b]). To provide the most conservative view of effluent effects, the season and depth with 
the greatest extent of effects will be selected for this evaluation. Based on the extent of effects, the 
area of the lake represented by the affected stations will be estimated. Maps will be provided to 
illustrate the spatial extent of effects in Lac de Gras for each variable assessed. The map for 
chlorophyll a will also show the lake area where the concentration representing 25% of the difference 
between the top of the normal range and the Effects Benchmark is exceeded (i.e., the Action Level 3 
criterion). In the event that Action Level 3 is exceeded for chlorophyll a, this plot would change to allow 
evaluation of the next Action Level criterion, and subsequently may change again, as required by the 
Action Level criteria.  

Initial screening of the eutrophication indicators dataset will be completed before data analyses using 
the procedures described for the water quality component in Section 4.3.4.2. Censored data will be 
handled as described by the water quality component in Section 4.3.4.11. 

Time series plots will show the concentrations of nutrients in effluent and at the mixing zone boundary. 

Spatial analysis of the data will be conducted for biomass indicators and selected nutrient variables 
(i.e., TP, TN, total dissolved phosphorus, soluble reactive phosphorus, soluble reactive silica, total 
dissolved nitrogen, ammonia, and nitrate + nitrite) using the gradient analysis methods described for 
the water quality component (Section 4.3.4.9). Station LDG-48, located at the outlet of Lac de Gras into 
the Coppermine River, Station LDS-4, located in the narrows between Lac du Sauvage and Lac de 
Gras, and the two new stations that will be added for Version 5.1 of the AEMP design will be included 
in the spatial analysis, as described in Section 4.3.4.9. 

The spatial extent of Mine effects will be determined by comparing the concentrations of TP, TN, 
chlorophyll a, the biomass of zooplankton, and the biovolume of phytoplankton in each sampling area 
to the normal range (as defined in the AEMP Reference Conditions Report Version 1.4 
[Golder 2019a]). To provide the most conservative view of effluent effects, the depth with the greatest 
extent of effects will be selected for this evaluation.  Both seasons (i.e., ice-cover and open-water) will 
be evaluated. Based on the extent of effects, the area of the lake represented by the affected stations 
will be estimated. This will include evaluation of the two new stations that are proposed for Version 5.1 
of the AEMP design (i.e., FF1-2 and FFD-1). Maps will be provided to illustrate the spatial extent of 
effects in Lac de Gras for each variable assessed. The maps for chlorophyll a and TP will also show 
the lake area where the concentration representing 25% of the difference between the top of the 
normal range and the Effects Benchmark is exceeded (i.e., the Action Level 3 criterion). In the event 
that Action Level 3 is exceeded for chlorophyll a or TP, this plot would change to allow evaluation of 
the next Action Level criterion, and subsequently may change again, as required by the Action Level 
criteria.  

Updates made for clarity. 

4.5.4 Data Analysis and 
Interpretation (Eutrophication 
Indicators) 

New text As an update for Version 5.1 of the AEMP design, the percentage change from baseline and the 
previous year will be calculated for each eutrophication indicator as part of the annual analyses. 
Median value will be calculated for each eutrophication indicator, for each area (NF, MF1, MF2-FF2, 
MF3, and LDG-48) and season (ice-cover and open-water). The baseline median will be taken from the 
AEMP Reference Conditions Report Version 1.4 (Golder 2019a). 

Text added to clarify future practice. 

4.5.4 Data Analysis and 
Interpretation (Eutrophication 
Indicators) 

In the comprehensive year report, relationships among eutrophication indicators will be explored using 
Pearson correlations. The relationships between phytoplankton biomass and chlorophyll a 
concentrations will also be examined. 

In the comprehensive year report, relationships among eutrophication indicators will be explored using 
Pearson correlations. A spatial analysis of TN, TDS, and chlorophyll a across the spatial extent of 
increased chlorophyll a in Lac de Gras will be included as part of the comprehensive reports. This 
evaluation will discuss relationships among these variables across the spatial extent of the increased 
chlorophyll a in Lac de Gras. The relationships between phytoplankton biomass and chlorophyll a 
concentrations will also be examined. 

Additions address the spatial analyses that will be included 
and the relationships that will be evaluated. 

4.6.2 Field methods (Plankton) Sampling for the plankton component of the AEMP will occur at the same locations as the sampling for 
other AEMP components (see Section 3.4), with the exceptions of LDG-48 and LDS-4 which will not be 
sampled for plankton. The full plankton program will be undertaken during the comprehensive sampling 
program of the AEMP, which will occur once every three years (Section 3.5). Sampling in the NF and 
MF areas of Lac de Gras will occur on an annual basis to allow a full evaluation of Action Levels 1 and 
2 for biological effects (Section 5.2.4), in the event of an Action Level 1 trigger during an interim 
monitoring year.   

 

Sampling for the plankton component of the AEMP will occur at the same locations as the sampling for 
other AEMP components (see Section 3.4), with the exceptions of zooplankton biomass samples 
which will not be collected at LDG-48 and LDS-4 because it is characterized by shallow, flowing water 
and is ecologically dissimilar to the open-water lake habitat represented by other AEMP stations. The 
full plankton program will be undertaken during the comprehensive sampling program of the AEMP, 
which will occur once every three years (Section 3.5). Sampling in the NF and MF (including FF2) 
areas of Lac de Gras will occur on an annual basis to allow a full evaluation of Action Levels 1 and 2 
for biological effects (Section 5.2.4), in the event of an Action Level 1 trigger during an interim 
monitoring year.  As an update for Version 5.1 of the design, sampling for plankton will also occur 
annually at Stations FF1-2 and FFD-1 (Section 3.5). This information will be used to characterize the 
spatial extent of effects along the MF1 transect, which includes stations FF1-2 and FFD-1, on an 
annual basis. In addition, phytoplankton samples will be collected at the Lac de Gras outlet to the 
Coppermine River (Station LDG-48) and at one station in Lac du Sauvage (LDS-1) upstream of the 
lake outlet and at the narrows (LDS-4), where the Lac du Sauvage outflow enters Lac de Gras.  

Updates relating to LDS-1, LDS-4 and LDG-48 clarify the 
sampling requirements, as required for Version 5.1. 
 
Clarification that stations in the FF2 area are sampled 
annually.  
 
The update pertaining to Stations FF1-2 and FFD-1 is an 
addition that DDMI is proposing for V5.1 of the AEMP design. 
Water quality, eutrophication indicators and plankton variables 
will be sampled annually at the new FFD-1 station, and at the 
existing FF1-2 station in the FF1 area. This update will provide 
an opportunity to evaluate the spatial extent of effects in the 
FF1 area (as represented by annual sampling at Station FF1-
2), and south into the northern channel, on an annual basis. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.6.4 Data Analysis and 
Interpretation (Plankton) 

Data analysis in the annual reports will also include statistical tests of biomass to assess effects as 
described in the Action Levels for Biological Effects (Section 5.2.4), which will be completed by 
comparing NF area results to the reference condition. The plankton component is concerned with the 
Toxicological Impairment hypothesis; toxicological impairment is expected to result in declines in most 
plankton variables relative to the reference condition. Before statistical analysis are completed, the 
duplicate zooplankton data will be averaged to provide a single value for each combination of year, 
area, and station. Data will be analyzed using mixed models. Since the NF dataset will only contain a 
single year, and the reference area dataset is a combination of years, the effect of year is confounded 
with the effect of area, and cannot be included as a fixed variable. Instead, the data will be analyzed 
using mixed models, where Type (NF versus reference) is the only fixed variable, and the random 
factor is a random intercept of Year nested in Area. The analysis output will include a P-value for the 
coefficient assessing whether NF data are significantly lower than the reference condition. 

Data analysis in the annual reports will also include statistical tests of biomass to assess effects as 
described in the Action Levels for Biological Effects (Section 5.2.4), which will be completed by 
comparing NF area results to the reference condition. The plankton component is concerned with the 
Toxicological Impairment hypothesis; toxicological impairment would be expected to result in declines 
in most plankton variables relative to the reference condition. Before statistical analyses are 
completed, the duplicate zooplankton data will be averaged to provide a single value for each 
combination of year, area, and station. Data will be analyzed using mixed models, where Type (NF 
versus reference) is the only fixed variable, and the random factor is a random intercept of Year nested 
in Area. The analysis output will include a P-value for the coefficient assessing whether NF data are 
significantly lower than the reference condition. A power analysis was conducted (Appendix C) for total 
biomass and taxonomic richness of both phytoplankton and zooplankton data, to assess the statistical 
power of the proposed analyses.  

Text removed/added to clarify intent. 
 
Text updated to reflect commitment to conduct a power 
analysis of the statistical methods used to assess Action 
Levels for biological effects (Directive 2O in WLWB 2019a; 
Appendix A, Table A-1).  

4.7.4 Data Analysis and 
Interpretation (Benthic 
Invertebrates) 

Data analysis in the annual reports will also include statistical tests of invertebrate densities and 
richness to evaluate potential Action Level triggers (Section 5.2.4). These tests will compare NF area 
results to the reference condition data set for the FF areas. Methods will follow those described in 
Section 4.6.4 for plankton. 

 

Data analysis in the annual reports will also include statistical tests of invertebrate densities and 
richness to evaluate potential Action Level triggers (Section 5.2.4). These tests will compare NF area 
results to the reference condition data set for the FF areas. Methods will follow those described in 
Section 4.6.4 for plankton. A power analysis was conducted for total density, richness and the densities 
of dominant taxa, to assess the statistical power of the proposed analyses for benthic invertebrate 
variables (Appendix C). 

Text updated to reflect commitment to conduct a power 
analysis of the statistical methods used to assess Action 
Levels for biological effects (Directive 2O in WLWB 2019a; 
Appendix A, Table A-1). 

4.8.1 Background (Fish Health) As in previous versions of the AEMP, the fish survey will be based on Slimy Sculpin. Surveys of Slimy 
Sculpin have now been conducted on five occasions: in 2004 (Gray et al. 2005), in 2007 (Golder 
2008b), in 2010 (Golder 2011d), in 2013 (Golder 2014a), and in 2016 (Golder 2017e). Rationale for the 
use of Slimy Sculpin as a sentinel species is provided in the AEMP Annual Reports.  

Lake Trout, which have been used for the fish palatability studies (Section 4.1) and for monitoring 
mercury (Section 4.9) under the DDMI’s AEMP, may be used as a secondary sentinel fish species. 
However, these fish are known to have a large home range and move between Lac de Gras and Lac 
du Sauvage (Golder 2014a). This means they would be able to move in and out of the effluent and 
their exposure time would not be known with any certainty. In addition, a suitable reference lake has 
not been identified for comparison with Lac de Gras. A survey to identify a reference lake was 
conducted during the EA process, but a suitable reference lake could not be established. Although the 
use of Lake Trout as a sentinel would not be the most appropriate choice for assessing Mine-related 
effects on fish, Lake Trout will be monitored only if results from the Slimy Sculpin surveys indicate that 
Mine-related effects on fish are of concern. In this instance, Lake Trout would serve as an overall 
indicator of the health of fish in Lac de Gras. 

The Slimy Sculpin survey will be conducted once every three years, during the comprehensive 
sampling program, when all AEMP components will be sampled and analyzed (Section 3.5). If fish 
health assessment endpoints demonstrate effects equivalent to Action Level 3 (Table 5.2-4), a Lake 
Trout survey would be conducted, if appropriate. The specific scope and timing of a Lake Trout fish 
health survey, however, would be defined in an AEMP Response Plan (Section 7.5), which would be 
implemented as and when approved by the WLWB.  

 

As in previous versions of the AEMP, the fish survey will be based on Slimy Sculpin. Surveys of Slimy 
Sculpin have now been conducted on five occasions: 2004 (Gray et al. 2005), 2007 (Golder 2008b), 
2010 (Golder 2011d), 2013 (Golder 2014a), and 2016 (Golder 2017e). Slimy Sculpin are good sentinel 
species because they tend to have small home range sizes relative to larger fish (Gray et al. 2004) and 
better integrate local site conditions and exposure to effluent. Lake Trout are used for the fish 
palatability studies (Section 4.1) and have been used for monitoring mercury (Section 4.9) under 
DDMI’s AEMP in the past. 

The Slimy Sculpin survey will continue at a frequency of once every three years, during the 
comprehensive sampling program (i.e., when all AEMP components will be sampled and analyzed), 
balancing the lethal effects of the program on the local population against the AEMP sampling 
requirements. If two consecutive Slimy Sculpin sampling events demonstrate that toxicological effects 
are not observed (i.e., Action Level 2 has not been triggered), then the next lethal Slimy Sculpin survey 
would take place in six years, and only the non-lethal relative abundance survey would proceed on a 
three-year cycle. This schedule is consistent with the federal environmental effects monitoring (EEM) 
program for metal mines (Environment Canada 2012). If the frequency of the Slimy Sculpin survey 
were to be reduced to once every six years, the fish health Action Level assessment would be based 
only on condition in the reduced year (i.e., condition calculated for fish collected as part of the non-
lethal relative abundance survey). The same change in frequency to six years would apply to the fish 
tissue chemistry component of the AEMP, to align with the field survey. The Action Level assessment 
for the other AEMP components (including plankton and benthic invertebrates) would continue per the 
existing AEMP schedule if the frequency of the fish health component changed. 

If Slimy Sculpin fish health assessment endpoints demonstrate effects equivalent to Action Level 3 
(i.e., a statistically significant difference in one or more effect endpoints was determined with a 
direction indicative of impairment to fish health and a magnitude of difference equal to or above the 
critical effects size [defined by EEM] that was beyond normal range, and that was observed in two 
consecutive sampling events; Table 5.2-4), it is expected a Lake Trout survey may be initiated. The 
specific scope and timing of a Lake Trout survey would be specifically defined in an AEMP Response 
Plan (Section 7.5) and would be determined by the nature of the Action Level exceedance. Lake Trout 
are known to have large home ranges and have been shown to move between Lac de Gras and Lac 
du Sauvage (Golder 2014a). This means they would be able to move in and out of the Mine effluent 
and their exposure time would not be known with any certainty. The inclusion of a Lake Trout survey 
would be considered only if results from the Slimy Sculpin surveys indicated that Mine-related effects 
on fish are of concern. In this instance, Lake Trout would serve as an overall indicator of the health of 
large-bodied fish in Lac de Gras. If initiated, the Lake Trout program may be limited to a non-lethal 
tissue chemistry sampling program (e.g., for mercury analyses from tissue plugs) or may be a lethal 
fish health survey, dependent on the Action Level trigger which initiated the study. The mercury in Lake 
Trout survey would only occur if AEMP results (including small-bodied fish tissue chemistry) indicated 
an increasing trend in mercury due to the Mine.  

Update to sampling schedule for Slimy Sculpin Survey 
(Directive 2I in WLWB 2019 a and Table 8-1).  
 
Additionally, a specific correction within this section was 
made. The Action Level that would trigger a change in 
frequency from three to six years was changed from a Level 3 
(V5.0) to a Level 2 (V5.1) to align with the updated Action 
Level definitions presented in V5.0. This change should have 
been made in V5.0 but was missed and has been corrected 
for V5.1. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.8.2 Field Methods (Fish Health) Backpack electrofishing will be used to capture Slimy Sculpin. The first fish sampling done in a given 

year would be a random field sampling effort at each of the study areas documenting each fish 
captured, before moving to  the targeted lethal program. Non-lethal endpoints will be measured from 
each fish captured. Following this, the targeted Slimy Sculpin lethal sampling program will be initiated. 
A total of 20 to 30 Slimy Sculpin in each of the following groups will be targeted: adult (or sexually 
mature) male, adult female and juvenile (sexually immature). Slimy Sculpin will be sacrificed from each 
sampling area for the purposes of completing an internal fish health assessment.  

 

The fish survey will be based on a statistical comparison between the NF and FF areas and reference 
dataset to detect differences among sampling areas. Multiple locations within an area will be sampled 
(Figure 3.4-1). Results from the previous AEMP studies indicate that Slimy Sculpin were most easily 
captured along a shallow (i.e., less than 40 cm in depth) natural shoreline with smaller cobble 
substrate. The shoreline of the two FF areas to be sampled will be in the same area of the lake as the 
water quality, sediment and benthic invertebrate sampling locations. The timing for the Slimy Sculpin 
survey will be late-August to early September to allow time for the fish gonads to begin developing 
again, following the under-ice spring spawning event. 

Backpack electrofishing will be used to capture Slimy Sculpin. The sampling will begin with a relative 
abundance non-lethal survey, whereby the first portion of the fish sampling will be completed as a 
random field sampling effort of standard duration at each of the four fish study areas. No specific 
location within each area will be targeted, but fishing effort will be expended along each shoreline area 
in suitable habitat where it is safe to wade and electrofish. At each location, approximately 500 m will 
be fished for a standard duration (e.g., 1 h which will result in approximately 1000 seconds of 
electrofishing time). The relative abundance survey will be completed on the first visit to each sampling 
area, and after its completion, targeted lethal and non-lethal sampling will commence. All Slimy Sculpin 
captured during the relative abundance survey will be held in a recover bin prior to processing, when 
they will be measured for length and weight and examined for the presence of external abnormalities 
and parasites. Following processing they will be released at the capture area. All non-target fish 
species captured will also be measured for length and weight and released live. There are no specific 
sample size targets for the non-lethal relative abundance survey. Representative photos of each 
species captured, as well as young-of-the-year (YOY) and non-YOY juvenile fish will be taken at each 
sampling area.  

Following the completion of the relative abundance survey, the targeted Slimy Sculpin lethal survey will 
be initiated. A total of 20 to 30 Slimy Sculpin in each of the following groups will be targeted: adult 
male, adult female, and juvenile. Adults are considered those fish that are sexually mature (i.e., have 
spawned before or will spawn the next spring), and juveniles are considered sexually immature (i.e., 
have not spawned before and will not spawn the next spring). An additional 50 Slimy Sculpin from each 
sampling area will be targeted for a non-lethal assessment (i.e., length and weight measurements). 
Slimy Sculpin to be included in the lethal survey will be sacrificed from each sampling area for the 
purposes of completing an internal fish health assessment. Only fish that are uninfected by tapeworms 
will be included in the sample size target counts. 

Methods added related to the new relative abundance survey.  
 
Additional text re-arranged for clarity/flow, but unchanged from 
V5.0.  

4.8.2 Field Methods (Fish Health) An internal examination will be completed on each sacrificed fish according to the foregoing technical 
procedure documents. Sex and state of maturity will be confirmed at this time. The internal organ 
system will be examined for general appearance and the presence of any abnormalities (e.g., tumours, 
parasites). If abnormalities are observed, they will be documented. The following will be recorded 
during the internal examination: 

 sex and state-of-maturity 

 internal health (including observations of parasites, internal organs and mesenteric fat) 

 liver weight 

 gonad weight 

 stomach fullness 

Photographs will be taken of internal abnormalities, and gonad photographs will be taken for each 
dissected fish. Stomach fullness will be recorded, and a general description of gut contents and 
parasite load will be noted. Liver weight and gonad weight will be measured. Aging structures (i.e., 
sagittal otoliths) will be collected from each sacrificed sculpin and archived. Slimy Sculpin ages derived 
from otolith sections are unreliable (CRI 2014); therefore, otolith-based age is not included included as 
a fish variable, and otoliths will be archived for possible future use. 

Other organs (e.g., spleen, kidney) will be examined for their general appearance and the presence of 
any abnormalities. If abnormalities, such as tumours, necrosis, or heavy parasite load are observed, 
their appearance will be noted, and photographs will be taken. 

To prevent contamination, fish will be dissected on a cutting board covered with a clean sheet of plastic 
wrap, which will be changed after each dissection. All dissecting equipment will be cleaned after each 
fish to eliminate cross-contamination. Other QA/QC procedures will include the use of standard 
documentation of field results and verification of field records. 

An internal examination will be completed on each sacrificed fish according to the foregoing technical 
procedure documents. Sex and state of maturity will be confirmed at the time of sampling. The internal 
organs will be examined for general appearance and the presence of any abnormalities (e.g., tumours, 
parasites). If abnormalities are observed, they will be documented. The following will be recorded 
during the internal examination: 

 sex and state-of-maturity 

 internal health (including observations of parasites, internal organs and mesenteric fat) 

 liver weight 

 gonad weight 

 stomach fullness 

Photographs will be taken of internal abnormalities, and gonad photographs will be taken for each 
dissected fish. Stomach fullness will be recorded, and a general description of gut contents and 
parasite load will be noted. Liver weight and gonad weight will be measured. Aging structures (i.e., 
sagittal otoliths) will be collected from each sacrificed fish and archived. Slimy Sculpin ages derived 
from otolith sections are unreliable (CRI 2014); therefore, otolith-based age has not been included as a 
fish variable. 

Other organs (e.g., spleen, kidney) will be examined for their general appearance and the presence of 
any abnormalities. If abnormalities, such as tumours, necrosis, or heavy parasite load are observed, 
their appearance will be noted, and photographs will be taken. 

To prevent cross-contamination, fish will be dissected on a cutting board covered with a clean sheet of 
plastic wrap, which will be changed after each dissection. All dissecting equipment will be cleaned after 
each fish. Other QA/QC procedures will include the use of standard documentation of field results and 
verification of field records. 

Edited for clarity. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.8.2.1 Supporting Information 
(Field Methods) 

N/A Temperature loggers will be retrieved in the fall. Updated for clarity. 

4.8.4 Data Analysis and 
Interpretation (Fish Health) 

N/A Two types of data will be obtained from the non-lethal relative abundance survey: random catch-per-
unit-effort (CPUE) and associated length-frequency histograms for each area. The CPUE is calculated 
as the total catch of fish divided by effort (i.e., electrofishing time). The length-frequency histogram is a 
type of plot showing the total length of sculpin captured grouped into bin sizes (i.e., lengths). These 
plots will show both the relative abundance data and the targeted lethal Slimy Sculpin data as distinct 
datasets (i.e., the length-frequency plots will be stacked and/or colour-coded, so those collected in 
each program are discernable from the total). This plot will allow consideration of total catches and size 
ranges and aid in age-assignments (as described below), while the relative abundance survey results 
will be compared (qualitatively) to the lethal sampling program results to further inform understanding 
of the fish population in each area and size classes of fish present during the random and targeted 
surveys. 

Catch-per-unit-effort will be calculated as the number of Slimy Sculpin per 100 seconds of 
electrofishing effort. For fish collected during the initial relative abundance survey described in Section 
4.8.2, CPUE will provide an unbiased measure of relative abundance of Slimy Sculpin among sampling 
areas by standardizing the Slimy Sculpin catch data to a standard fishing effort (e.g., 500 m sections 
fished over a standardized duration) versus the targeted lethal fishing effort (the duration of which is 
determined by when target sample sizes are achieved). The standardized CPUE values will be visually 
compared among areas for any observable differences. Similarly, differences in length-frequency 
distributions between sampling areas will be assessed qualitatively based on the plots and summary 
statistics (e.g., arithmetic mean, median, and SD). The CPUE and length-frequency histograms will be 
considered in the WOE assessment but will not be included in the response framework. Should 
population-level effects (e.g., missing size class[es]) be observed in the length-frequency assessment, 
the length-frequency distributions will be considered alongside the other AEMP results (including water 
quality and lower trophic level biological responses) and the overall conclusions and recommendations 
for the fish health component (i.e., not just the overall WOE) will be made inclusive of the evidence 
provided by the CPUE and length-frequency data. 

New information added to describe steps to analyse/interpret 
data. 

4.8.4 Data Analysis and 
Interpretation (Fish Health) 

The data will be sub-divided into male, female, and juvenile fish data sets, which will be analyzed 
separately. This separation is important because the different energetic requirements associated with 
reproduction tend to result in differences in growth rates and energy storage (as measured by liver size 
and condition factor). 

Slimy Sculpin data from the targeted lethal sampling program will be sub-divided into male, female, 
and juvenile data sets, which will be analyzed separately. This separation is important because the 
different energetic requirements associated with reproduction tend to result in differences in growth 
rates and energy storage (as measured by liver size and condition factor). Stage classification (i.e., 
adult and juvenile) will be performed using the method outlined in the 2014 to 2016 Aquatic Effects Re-
evaluation Report (Golder 2018). Length-frequency histograms will be used to differentiate (YOY) 
sculpin from older fish. Fish less than approximately 30 mm total length and without a GSI value will be 
considered to be YOY and will be removed from analysis. For the remaining fish, maturity curves 
(constructed to describe fish maturity [age-1+/adult] as a function of total length) will be used to 
determine the total length at which 50% of the Slimy Sculpin are expected to be mature (i.e., the size at 
maturity); this will be determined by sampling area and year. Fish smaller than the determined size at 
maturity, or with a GSI value less than 1.2% will be considered to be age-1+ fish. Fish larger than the 
size at maturity, or with a GSI greater than 1.2%, will be assigned to the age-2+ group. Fish with no 
known GSI will not be assigned an age. As the methods for fish age assignments have been updated 
as part of the 2014 to 2016 Aquatic Effects Re-evaluation Report (Golder 2018), the consistent normal 
ranges provided in AEMP Reference Conditions Report Version 1.4 (Golder 2019a) will be used going 
forward.  

Text added to clearly distinguish which survey is discussed 
(i.e., “relative abundance survey” or targeted lethal survey).  
 
Additional details added to better describe how Slimy Sculpin 
data will be analysed, including how maturity is assigned 
(EMAB-120 and EMAB 125 in Table 8-2). 

4.8.4 Data Analysis and 
Interpretation (Fish Health) 

Catch-per-unit-effort will be calculated to provide a measure of relative abundance of Slimy Sculpin 
among sampling areas by standardizing the Slimy Sculpin catch data according to the fishing effort.  

N/A Text removed following re-alignment of Section 4.8.4 to 
improve overall clarity.  
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
4.9.2 Field Methods (Fish Tissue 
Chemistry) 

Fish captured and sacrificed during the health assessment surveys will be used in the tissue analysis 
in order to reduce additional unwarranted sculpin mortality (Water Licence W2015L2-0001, Schedule 
8, Item 1e). 

Fish captured and sacrificed during the health assessment surveys will be used in the tissue analysis 
in order to reduce additional Slimy Sculpin mortality (Water Licence W2015L2-0001, Schedule 8, Item 
1e). 

Removed “unwarranted”  

Edited for accuracy. 

4.9.2 Field Methods (Fish Tissue 
Chemistry) 

In addition to the QA/QC measures described by Golder (2017c), duplicate composite tissue samples 
for metals analysis will be collected if possible (i.e., where sample volumes allow in selected sampling 
areas during each sampling event, large-bodied fish only). This will be done if sufficient sample 
material can be collected at a location for preparation of a duplicate sample. 

In addition to the QA/QC measures described by Golder (2017c), duplicate composite tissue samples 
for metals analysis will be collected if possible (i.e., where sample volumes allow); it is anticipated this 
will only be possible as part of the palatability study (Section 4.1) for large-bodied fish. 

Edited for clarity. 

4.9.4 Data Analysis and 
Interpretation (Fish Tissue 
Chemistry) 

N/A All metals analyzed as part of the palatability study (Section 4.1) standard tissue metals scan will be 
provided in the TK report. Summary statistics, including sample size, percentage of metal 
concentrations greater than the DL, minimum, median, maximum, and SD values will be included in the 
TK report. Statistical analyses of the fish tissue chemistry collected as part of the TK program will not 
be performed because the sampling protocols, sample size, fishing locations, and size of fish selected 
for the analyses are not consistent between years, making these results unsuitable as an early warning 
trigger for conducting a larger mercury in Lake Trout program.  

New text added to clarify fish tissue data that will be used in 
the fish health and fish tissue chemistry component versus the 
TK component. 

4.10.2.1 Lines of Evidence and 
Measurement Endpoints (Fish 
Tissue Chemistry) 

Exposure LOEs: nutrient exposure, contaminant exposure, and primary productivity2; Exposure LOEs: nutrient exposure, contaminant exposure, and biological productivity3; Edited for accuracy. 

4.10.2.1 Lines of Evidence and 
Measurement Endpoints (Fish 
Tissue Chemistry) 

Primary productivity is used as an indicator of both exposure (for higher levels of biological 
organization) and biological response (included as an endpoint under the “biological productivity” line 
of evidence). 

Some biological productivity endpoints (e.g., chlorophyll a and total invertebrate density) are used as 
indicators of both exposure (for higher levels of biological organization) and biological response. 

Updated for clarity/accuracy 

Table 4.10-1: Endpoints and 
Lines of Evidence for Each 
Ecosystem Component – Nutrient 
Enrichment Hypothesis 

 Removed “Taxa” from the table 

Added: - “Total Invertebrate Density” to Biological Productivity 

- and “Length-frequency Distributions” to Fish Population Health 

Edited to reflect commitment to add benthic invertebrate 
density as an additional endpoint into the weight-of-evidence 
analysis for nutrient enrichment (EMAB 104 and 122 in Table 
8-2).  
 
Length-frequency distribution addition reflects commitments 
made by DDMI during engagement meetings with EMAB 
(Directive 2A in WLWB 2019a, Appendix A, Table A-1). 
 

4.10.2.1 Lines of Evidence and 
Measurement Endpoints (Fish 
Tissue Chemistry) 

For example, several benthic invertebrate endpoints will be analyzed covering aspects of density, 
richness, and relative abundance of major taxa. These endpoints will be assessed for gradients with 
effluent exposure or for statistical differences among sampling areas of Lac de Gras. Per WLWB 
Directive 2D of the 26 May 2016 Decision Package, refinements to the WOE approach assessment 
endpoints are: 

For example, several benthic invertebrate endpoints will be analyzed covering aspects of density, 
richness, and relative abundance of major taxa. These endpoints will be assessed for gradients with 
effluent exposure in Lac de Gras, and in statistical comparisons as part of the Action Level 
assessment. A number of refinements to the WOE approach assessment endpoints are 
recommended: 

Clarification related to data analysis methods that will be used 
for benthic invertebrates (GNWT-ENR-44 in Table 8-2). 

4.10.2.1 Lines of Evidence and 
Measurement Endpoints (Fish 
Tissue Chemistry) 

N/A  Total invertebrate density was added as a nutrient exposure endpoint for the fish community 
ecosystem component. The benthic invertebrate community samples are collected from deep-
water stations, and as such, the abundance or density from these samples may not be 
representative of food supply for shallow-water, shoreline-dwelling Slimy Sculpin. However, as 
recommended, the total invertebrate density endpoint will be assessed along with chlorophyll a, 
which is currently being included as a nutrient exposure endpoint for the fish population health 
ecosystem and intended to provide an early indication of an enrichment-related increase in 
zooplankton and/or benthic invertebrate food supply for fish.  

Addition reflects commitment to add benthic invertebrate 
density as an additional endpoint into the weight-of-evidence 
analysis for nutrient enrichment (EMAB 104 and 122 in Table 
8-2).  
 

4.10.2.1 Lines of Evidence and 
Measurement Endpoints (Fish 
Tissue Chemistry) 

 Several fish health biological response endpoints (i.e., Population Structure – Survival, Population 
Structure – Size, Growth – Size at Age, Reproductive Investment – Age 1+ Abundance, and 
Pathology – Occurrence [e.g., parasitism]) were removed from the WOE analysis. Reasons for 
removing these assessment endpoints are discussed in the 2014 to 2016 Aquatic Effects Re-
evaluation Report (Golder 2018).  

 

 Several fish health biological response endpoints (i.e., Population Structure – Survival, Population 
Structure – Size, Growth – Size at Age, Reproductive Investment – Age 1+ Abundance, and 
Pathology – Occurrence [e.g., parasitism]) were removed from the WOE analysis. Reasons for 
removing these assessment endpoints are discussed in the 2014 to 2016 Aquatic Effects Re-
evaluation Report (Golder 2018). Length-frequency distributions have been added to the fish 
health biological response endpoints because the presence of all sizes of fish (as a surrogate for 
age) will inform of any changes in population structure or the presence/absence of specific size 
classes (i.e., YOY).  

New text added to reflect commitments made by DDMI during 
engagement meetings with EMAB to clarify the use of the 
length-frequency distribution.  

 
. 

. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
5.1 Overview (Response 
Framework) 

The WOE assessment is the process that will be used to evaluate the strength of evidence for 
toxicological impairment and nutrient enrichment effects (Section 4.10). The weight of evidence 
assessment will also be used to establish a link between observed effects and the Mine. Both the 
evidence for the type of effect and for a link to the Mine must be strong for the effect to be deemed 
Mine-related. Hence, even if the Action Level conditions appear to have been met, the overall WOE 
conclusions must indicate a linkage to the Mine and support the impact hypothesis prior to concluding 
that an Action Level has been met 

The WOE assessment is the process that will be used to evaluate the strength of evidence for 
toxicological impairment and nutrient enrichment effects (Section 4.10). The weight of evidence 
assessment will also be used to establish a link between observed effects and the Mine. Both the 
evidence for the type of effect and for a link to the Mine must be strong for the effect to be deemed 
Mine-related. Hence, in the years when the WOE assessment is completed (i.e., comprehensive 
years), even if the Action Level conditions appear to have been met, the overall WOE conclusions 
must indicate a linkage to the Mine and support the impact hypothesis prior to concluding that an 
Action Level has been met 

New text added to be more clear and qualify the statement 
that weight of evidence assessment is only completed in 
comprehensive years.  

5.2.1 Water Quality (Action 
Levels) 

For an Action Level 1 to occur, there has to be a two-fold difference between NF median concentration 
(calculated based on all samples from all depths) and reference dataset median concentrations 
(calculated using the procedure outlined in the AEMP Reference Conditions Report Version 1.2 
[Golder 2017b]). 

For an Action Level 1 to occur, there has to be a two-fold difference between NF median concentration 
(calculated based on all samples from all depths; parameters are not evaluated for individual depths 
due to limited sample size) and reference dataset median concentrations (calculated using the 
procedure outlined in the AEMP Reference Conditions Report Version 1.4 [Golder 2019a]). 

Added text for clarity. 

5.2.3 Eutrophication Indicators 
(Action Levels) 

Threshold was defined as a concentration that exceeds the EA benchmark by more than 20%. Threshold was defined as a concentration that exceeds the EA benchmark (5 ug/L) by more than 20%. Added for clarity and to distinguish the EA benchmark from 
the new Effects Benchmark added for total phosphorus. 

5.2.3 Eutrophication Indicators 
(Action Levels) 

N/A As an update for Version 5.1 of the design, Action Levels for TP have been developed as part of the 
Eutrophication Indicators component. While there is sufficient evidence to support the use of 
chlorophyll a in the Action Level assessment, reviewers have expressed concern that there are 
limitations associated with it being the sole indicator of eutrophication considered in the Action Levels 
(WLWB 2019). Therefore, incorporating an exposure indicator into the Response Framework is 
prudent and would provide a metric that can be directly addressed by management actions. The Action 
Levels proposed for TP follow the same approach as used for chlorophyll a. An Effects Benchmark for 
TP is defined in Section 5.3.3 and will be used in the Action Level criteria for TP (Table 5.2-3). 

Update reflects the addition of Action Levels for total 
phosphorus for the eutrophication indicators component 
(Directive 2N in WLWB 2019a and Table 8-1). 

Table 5.2-3 Action Levels for Chlorophyll a Action Levels for Chlorophyll a and Total Phosphorus Update reflects the addition of Action Levels for total 
phosphorus for the eutrophication indicators component 
(Directive 2N in WLWB 2019a and Table 8-1). 

5.3.3 Eutrophication Indicators 
(Effects Benchmarks) 

N/A As an update for Version 5.1 of the AEMP design, Action Levels for TP have been developed and 
proposed as part of the Eutrophication Indicators component. The TP Action Levels are parallel with 
the chlorophyll a action levels, and have the same structure. To support the new TP Action Levels, the 
effects benchmark for TP was developed. While an Effects Benchmark does not need to be 
established until Action Level 2 has been triggered (per the Action Level system for eutrophication 
indicators), it is presented for TP in this document, because it is known that nutrient enrichment is 
occurring in Lac de Gras, and the EA benchmark of 5 µg/L is not appropriate as a benchmark because 
it is within the normal range. The effects benchmark for TP was derived using a similar approach as for 
chlorophyll a (Golder 2014b), in that the benchmark is the concentration representing the upper 
boundary of oligotrophic trophic status; however, for TP a greater reliance was placed on trophic 
boundaries defined by Canadian regulatory agencies. 

Given that Lac de Gras has been classified as oligotrophic, a desired benchmark for Lac de Gras 
would be one that is representative of the boundary between oligotrophic and mesotrophic lakes. 
According to CCME (2004), the Canadian trigger ranges for TP are 4 to 10 µg/L for oligotrophic lakes, 
and 10 to 20 µg/L for mesotrophic lakes. Therefore, the effects benchmark for TP was set at 10 µg/L.  

Update reflects the addition of an Effects Benchmark for total 
phosphorus for the eutrophication indicators component 
(Directive 2N in WLWB 2019a and Table 8-1). 

Table 6.1-1 Comparison of DDMI 
and Ekati AEMP Sampling 
Methods 

 Added FF1-2, FF2, LDS-4 to ‘Locations’, ‘Frequency’ and ‘Sampling Depth’ 

“Ice cover: NF, MF and FF2: 2 m from the surface; mid-depth; 2 m from the bottom FF, LDS-4 , LDG-
48: mid-depth  

Open-water: depth integrated (10m)” added to ‘Sampling Depth’ 

Table updated to reflect updates for V5.1. 

Table 6.1-1 Comparison of DDMI 
and Ekati AEMP Sampling 
Methods 

DO = dissolved oxygen, NF = near-field, MF = mid-field, FF = far-field, LdS or LDS = Lac du Sauvage, 
LdG or LDG = Lac de Gras. 
a) LdS2 is not sampled under-ice due to shallow depth. 
 

DO = dissolved oxygen, NF = near-field, MF = mid-field, FF = far-field, LdS or LDS = Lac du Sauvage, 
LdG or LDG = Lac de Gras. 
a) LdS2 is not sampled under-ice due to shallow depth. 
b) Sampling for water quality, nutrients and chlorophyll a is not conducted at Station LDS-4 during the 
ice-cover season due to unsafe ice conditions at the outlet; LDS-1 is included in the “all stations” 
sampling every 3 years. 

Clarification that sampling at Station LDS-4 cannot occur 
during ice-cover due to unsafe ice conditions. 

7.2 AEMP Design Plan The next AEMP Design Plan will be prepared as and when directed by the WLWB, but is anticipated to 
be submitted in 2020, three years following the submission of Version 5.0, and following submission of 
the 2019 comprehensive report and the 2017 to 2019 Aquatic Effects Re-evaluation Report 
(Section 3.5). 

The next AEMP Design Plan will be prepared as and when directed by the WLWB but is anticipated to 
be submitted in 2020, and following submission of the 2019 comprehensive report and the 2017 to 
2019 Aquatic Effects Re-evaluation Report (Section 3.5). 

Update to clarify anticipated submission timeline of the next 
AEMP Design Plan. 
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Table B-1:  Changes Between AEMP Design Plan Version 5.0 and Version 5.1 
Section Original text in Version 5.0 Revised text in Version 5.1 Rationale for Change 
7.3 AEMP Annual Report The AEMP Annual Report will also include a series of technical appendices consisting of individual 

scientific reports, which will provide a full technical and scientific description of the analyses conducted 
and the results obtained. Appendices will be pre-assigned in the AEMP reports (i.e., they will appear in 
the same order and use the same appendix number in each year) to help track available information on 
a year-to-year basis, even though not all appendices may be required in a given year 

The AEMP Annual Report will also include a series of technical appendices consisting of individual 
scientific reports, which will provide a full technical and scientific description of the analyses conducted 
and the results obtained. Any deviations from the Board-approved AEMP Design Plan will be identified 
and explained in the AEMP Annual Reports, and any required changes will be proposed as updates to 
the AEMP Design Plan, if necessary. Appendices will be pre-assigned in the AEMP reports (i.e., they 
will appear in the same order and use the same appendix number in each year) to help track available 
information on a year-to-year basis, even though not all appendices may be required in a given year. 

Update to explain how deviations from the AEMP Design Plan 
will be dealt with in the AEMP reporting (Directive 3B in 
MVLWB 2019b and Table 8-1). 

7.4 Aquatic Effects Re-evaluation 
Report 

N/A 3 - Appendix V includes the Slimy Sculpin fish health and fish tissue survey report and may include Lake 
Trout survey reports, if a Lake Trout study was initiated.  
4 - Appendix X is a placeholder for Fisheries Authorization surveys (e.g., Fish Habitat Utilization surveys). 
5 - Appendix XIV includes the fish palatability data from Lake Trout collected as part of the TK program. 

Update to improve clarity on where the AEMP fish health and 
fish tissue chemistry survey report is located. 

8.0 Concordance with WLWB 
Directives and 
Recommendations, and the 2014 
to 2016 Aquatic Effects Re-
Evaluation Recommendations 

Concordance of the AEMP Design Plan Version 5.0 with relevant WLWB recommendations and 
Directives, recommendations from the 2014 to 2016 Aquatic Effects Re-evaluation Report (Golder 2018) 
are summarized in :. References to sections of the report where items have been addressed are 
indicated in the final column of the table.  
 

Concordance of the AEMP Design Plan Version 5.1 with relevant WLWB recommendations and 
Directives and recommendations from the 2014 to 2016 Aquatic Effects Re-evaluation Report (Golder 
2019b) are summarized in Table 8-1. In addition, DDMI committed to revising a number of items as an 
outcome of the review process for the AEMP Design Plan Version 5.0; these items are summarized in 
Table 8-2. References to sections of the report where items have been addressed are indicated in the 
final column of each table.  
As outlined in Section 1.2, DDMI engaged with interested parties on a number of topics that are related 
to the proposed AEMP Design Plan updates. The outcomes of the engagement meetings are included 
in Section 8 and outlined in Appendix A. Appendix A also provides references to sections of the report 
where items discussed at the engagement meetings have been addressed in AEMP Design Plan Version 
5.1. 

Section has been updated to reflect the specific requirements 
identified from the review process for the AEMP Design Plan 
Version 5.0. 

Table 8-1 Conformity of the 
AEMP Design Plan Version 5.1 
with Directives from the WLWB, 
Recommendations from the 
WLWB, and Recommendations 
from the 2014 to 2016 Aquatic 
Effects Re-evaluation Report 

  Conformance table has been updated to include directives 
from the WLWB review process for V5.0.  

9.0 Closure   Signatures updated. 

References N/A CCME. 2004. Canadian water quality guidelines for the protection of aquatic life: Phosphorus: 
Canadian Guidance Framework for the Management of Freshwater Systems. In: Canadian 
environmental quality guidelines, 2004, Canadian Council of Ministers of the Environment, 
Winnipeg, MB. 

Reference added. 

References DDMI. 2014. Water Management Plan. Version 13.0. Yellowknife, NT. December 2014. 

 

DDMI. 2017. Water Management Plan. Version 14.2. Yellowknife, NT. December 2014. Reference updated. 

References Golder. 2018. 2014 to 2016 Aquatic Effects Re-evaluation Report Version 1.0. Prepared for Diavik 
Diamond Mines (2012) Inc., Yellowknife, NT. March 2018. 

 

Golder. 2019a. AEMP Reference Conditions Report, Version 1.4. Prepared for Diavik Diamond Mines 
(2012) Inc., Yellowknife, NT. July 2019. 

Golder. 2019b. 2014 to 2016 Aquatic Effects Re-evaluation Report Version 1.1. Prepared for Diavik 
Diamond Mines (2012) Inc., Yellowknife, NT. June 2019. 

Reference updated. 

References  Gray M, Cunjak R, Munkittrick K. 2004. Site fidelity of slimy sculpin (Cottus cognatus): insights from 
stable carbon and nitrogen analysis. Can J Fish Aquat Sci 61:1717-1722. 

Reference added. 

References  WLWB 2019. Decision from Wekʼèezhìı Land and Water Board Meeting of 25 March 2019: 2014 to 
2016 Aquatic Effects Re-evaluation Report and AEMP Design Plan Version 5.0. Wek'èezhı̀ı 
Land and Water Board, File W2015L2-0001 (Type “A”). 

WLWB 2019. Decision from Wekʼèezhìı Land and Water Board Meeting of 25 March 2019: 2017 
AEMP Annual Report. Wek'èezhıı̀ Land and Water Board, File W2015L2-0001 (Type “A”). 

References added. 
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1.0 INTRODUCTION 
Action Levels for biological variables address the Toxicological Impairment Hypothesis. For the Aquatic Effects 
Monitoring program (AEMP) Design Plan Version 5.1, the statistical comparisons to Far-field (FF) area data to 
evaluate Action Level triggers have been restricted to use of the 2007 to 2013 FF area dataset (or part thereof, as 
directed by the WLWB), which was used to generate normal ranges summarized in the AEMP Reference 
Conditions Report Version 1.4. (Golder 2019). These data are referred to as the “reference condition” dataset. To 
evaluate Action Levels 1 to 3, each year’s Near-field (NF) area data will be compared to the reference condition 
data for selected plankton, benthic invertebrate, and fish health variables (Section 4.6.4).  

These comparisons differ from statistical tests carried out under previous versions of the AEMP (i.e., Version 4.1 
and previous), which included within-year NF to FF area statistical comparisons as part of routine data analysis 
and the Action Level assessment.  Since the FF areas are now exposed to Mine effluent, within-year NF to FF 
area comparisons are no longer appropriate to evaluate Mine effects or Action Levels, which resulted in the 
switch to the approach recommended for the AEMP Design Plan Version 5.1. As a result of the change in the 
statistical approach to assess Action Levels, concern was expressed by GNWT-ENR regarding the statistical 
power of the new comparisons. To address this concern, this appendix provides the results of a power analysis of 
proposed statistical analyses to evaluate Action Levels, to understand the ability of the proposed comparisons to 
detect changes of magnitudes relevant to the monitoring program.  

Power analyses for AEMP statistical comparisons were also completed during previous AEMP monitoring cycles. 
Power was estimated as 0.9 for the benthic invertebrate component, based on the study design, which was a 
typical Environmental Effects Monitoring (EEM) study design intended to detect an effect magnitude of 2 standard 
deviations (SD) (Golder 2014a). Power analyses were conducted on the 2013 AEMP benthic invertebrate data 
and resulted in power values of 0.86 to 0.97 to detect 2 SD changes based on the FF reference area data SD, 
although it was also noted that in some cases changes of this magnitude were large when expressed as percent 
change (Golder 2014b). Plankton variables were not compared statistically among study areas prior to the AEMP 
Version 5.1, and hence no power analyses were completed previously. Power analyses of fish health data 
completed as part of the 2016 AEMP Annual Report (Golder 2017) indicated that statistical power to detect 
differences between areas under effect sizes of 10% to 30% was reasonable for most variables across all sexes 
and stages. However, there was insufficient power (i.e., less than 0.9) to detect effect sizes of up to 30% in male 
body weight (both carcass and total), male, female, and age-1 relative liver weight, and male and female relative 
gonad weight.   

2.0 METHODS 
Statistical power was estimated for the updated tests proposed for evaluating Action Level triggers for biological 
effects (Section 5.2). For the plankton and benthos variables selected for the Action Level Assessment 
(e.g., biomass, density, and taxonomic richness), toxicological impairment is expected to result in declines relative 
to the reference condition. Therefore, for these two components, only the power to detect negative effect sizes is 
relevant. In comparison, toxicological impairment in fish may result in either decreases or increases of variables 
relative to the reference condition (e.g., relative liver weight).  

Reference condition data used in the power analysis were taken from the most recent version of the AEMP 
Reference Conditions Report Version 1.4 (Golder 2019), which was submitted to the WLWB in July 2019. Values 
identified as outliers in the AEMP Reference Conditions Report Version 1.4 were handled as follows:  

 For plankton, surrogate values that were calculated in the AEMP Reference Conditions Report Version 1.4 
were used. 



Appendix C – Power Analysis of the Statistical Methods Applied to the Proposed Action Levels 

2 

 For benthic invertebrates, outliers were removed from the analysis. 

 For fish, both outliers and length-weight outliers (i.e., anomalous data), as detailed in the AEMP Reference 
Conditions Report Version 1.4, were removed. 

Therefore, the datasets used in the power analysis presented herein were identical to those used to estimate 
normal ranges in the AEMP Reference Conditions Report Version 1.4.   

Power analysis was based on the analytical framework presented for evaluating Action Level triggers for 
biological effects: i.e., analysis using mixed-effect models, where Type (NF versus reference) is the only fixed 
variable, and the random factor is a random intercept of Year nested in Area. In analysis of condition, relative liver 
weight and relative gonad weight in Slimy Sculpin, the model also included a covariate (log-transformed total 
length for the former, and non-transformed carcass weight for the two latter variables). For the purpose of power 
analysis estimates, interactions between the covariate and Type (NF versus reference) were not included. 
Transformations of the response variables were applied to the following models:  natural log(x+1)-transformation 
for all benthic invertebrate variables except for richness, and natural log-transformation for weight in the analysis 
of fish condition. Power analysis was performed using the package “simr” (Green and McLeod 2016) in the 
statistical environment R v. 3.6.1 (R 2019). The package provides simulation-based methods for power analysis 
of mixed-effects models.  

The analysis was based on a set of effect sizes pertaining to each biological component. For benthos and 
plankton, decreases of 25%, 50%, 75%, and 2 SD (based on among-area and among-year variation) from the 
mean reference condition value, as well as the magnitude of change to the lower limit of the normal range, were 
used as effect sizes of interest. For fish, increases or decreases of 10% and 25% from the mean reference 
conditions value were used as effect sizes of interest, as well as the magnitude of change to the appropriate 
normal range boundary for variables analyzed using ANOVAs (i.e., total length and weight), but not for variables 
analyzed using ANCOVAs (condition, relative liver weight, and relative gonad weight). Critical effect sizes (CES) 
of 2 SD for benthos and plankton follow the CES values recommended for benthos data analysis in the federal 
environmental effects monitoring (EEM) program for metal mines (Environment Canada 2012). Critical effect 
sizes of 10% and 25% for fish also follow the EEM-recommended CES values (the former for condition and the 
latter for weight, relative gonad weight, and relative liver weight). The remaining effect sizes were used to provide 
additional information on the performance of the tests.  

To assess change, mean and SD values representative of the reference condition were calculated by first 
averaging all data within each area/year. This resulted in a set of area- and year-specific averages in the FF 
areas during the reference conditions period (which differed by component, as described in the AEMP Reference 
Conditions Report Version 1.4). These averages were then used to calculate the overall reference condition mean 
and SD values.  

For each variable in each component, a mixed-effects model was constructed, following the model structure 
described above. Then, for each effect size, a set of 1,000 simulations were executed using the R package “simr” 
(Green and McLeod 2016), which uses Monte Carlo simulations for calculation of statistical power in mixed-effect 
model analysis. In each simulation, the P value of fixed effect of Type (NF versus reference) was retained. Power 
was then estimated as the proportion of the 1,000 tests where the P value was less than 0.1. For benthos and 
plankton, one-sided tests were used, because the effects consistent with the Toxicological Impairment Hypothesis 
were in all cases in the negative direction.  



Appendix C – Power Analysis of the Statistical Methods Applied to the Proposed Action Levels 

3 

3.0 RESULTS 
3.1 Plankton 
Power to detect a 2 SD decrease in phytoplankton and zooplankton biomass and richness was below the desired 
level of power (0.9), ranging from 0.62 for total phytoplankton biomass to 0.74 for phytoplankton taxonomic 
richness (Table C-1; Figure C-1). However, a 2 SD reduction from the reference condition often corresponded to 
a small percent change for both phytoplankton and zooplankton richness, reaching only 18% and 8% of the 
reference condition means, respectively. Statistical power was sufficient (>0.9) for detecting a 25% reduction in 
taxonomic richness for both phytoplankton and zooplankton, which represent relevant effect sizes for Action Level 
assessment.  

Power was lower for biomass variables, with values close to 0.6 to detect 50% declines, and 0.79 and 0.89 to 
detect 75% declines (Table C-1; Figure C-1). The level of power was greater than 0.9 for effect sizes required to 
reach the lower boundary of the normal range, for all variables except zooplankton biomass.    

Table C-1: Statistical Power to Detect Reductions of Varying Magnitude Relative to Reference Conditions for 
Phytoplankton and Zooplankton Variables 

Variable 

Reference 
Condition 

Statistical Power by Effect Size, as Reduction Relative to 
Reference Condition Mean 

Mean SD 25% 50% 75% 
2SD 
(% of 

reference 
mean) 

To Lower Limit of 
Normal Range (% of 

reference mean) 
Total phytoplankton biomass 
(mg/m3) 200.0 46.0 0.38 0.63 0.89 0.62 (46%) 0.96 (90%) 

Phytoplankton taxonomic 
richness (total taxa) 27.1 2.4 0.91 1.00 1.00 0.74 (18%) 0.97 (31%) 

Total zooplankton biomass 
(mg/m3) 306.3 106.6 0.41 0.57 0.79 0.71 (70%) 0.63 (57%) 

Zooplankton taxonomic 
richness (total taxa) 13.7 0.6 1.00 1.00 1.00 0.73 (8%) 1.00 (20%) 
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Figure C-1: Statistical Power to Detect Reductions of Varying Magnitude Relative to Reference Conditions for 
Phytoplankton and Zooplankton Variables (Data Detailed in Table C-1) 

3.2 Benthic Invertebrates 
Power to detect a 2 SD decrease in benthos variables was intermediate to high, ranging from 0.77 for richness to 
1.00 for total density and Heterotrissocladius density (Table C-2; Figure C-2). Assessment of varying percent 
reductions relative to reference condition means indicated that only the analysis of total density had sufficient 
power to detect a 25% reduction. In contrast, statistical power was sufficient (>0.9) for detecting a 75% reduction 
in all variables except for Micropsectra density and Procladius density, although the latter analysis had a power 
value of 0.88. All variables had sufficient power to detect declines to the lower boundary of the normal range; 
however, for densities of dominant taxa, these were 100% declines.  For effect size ranges useful for evaluating 
Action Level triggers (i.e., 25% to 50% for richness; 50% to 75% for density variables), power was sufficient to 
nearly sufficient at the upper values of the range for most variables.    
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Table C-2: Statistical Power to Detect Reductions of Varying Magnitude Relative to Reference Conditions for Benthic 
Invertebrate Variables 

Variable 

Reference 
Condition 

Statistical Power by Effect Size, as Reduction Relative to 
Reference Condition Mean 

Mean SD 25% 50% 75% 
2SD 
(% of 

reference 
mean) 

To Lower Limit of 
Normal Range (% 

of reference mean) 

Total density (no./m2)(a) 5.95 0.55 0.92 1.00 1.00 1.00 (67%) 1.00 (71%) 
Richness (total taxa) 9.8 2.2 0.47 0.81 0.98 0.77 (46%) 0.90 (56%) 
Heterotrissocladius density 
(no./m2)(a) 3.48 1.30 0.40 0.77 0.94 1.00 (96%) 1.00 (100%) 

Micropsectra density 
(no./m2)(a) 3.22 1.16 0.35 0.60 0.81 0.89 (94%) 0.94 (100%) 

Pisidiidae density (no./m2)(a) 3.88 1.12 0.42 0.73 0.94 0.99 (91%) 0.99 (100%) 
Procladius density 
(no./m2)(a) 3.31 1.18 0.40 0.68 0.88 0.95 (94%) 0.98 (100%) 

(a) Summary statistics shown as transformed values [ln(x+1)].

Note:  Percent changes are based on back-transformed values.

Figure C-2: Statistical Power to Detect Reductions of Varying Magnitude Relative to Reference Conditions for 
Benthic Invertebrate Variables (Data Detailed in Table C-2) 
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3.3 Fish 
Power to detect a ±25% effect size in total length was sufficient (>0.9) for both juvenile and adult fish (Table C-3; 
Figure C-3). Conversely, power to detect a similar change in total weight was low for all three groups. For 
condition, power was low for both juvenile and adult fish to detect a ±10% change, but sufficient (>0.9) to detect a 
±25% change for both male and female adult fish. For relative liver weight, power was sufficient to detect a ±25% 
change only for male adult fish. For relative gonad weight, power was sufficient only to detect a ±25% change 
only for female fish. Power to detect a reduction of fish health variables below the lower boundary or increase 
above the upper boundary of the normal range was high for both juveniles and adult fish in the analysis of total 
length, but not for the analysis of total weight.  

Table C-3: Statistical Power to Detect Reductions of Varying Magnitude Relative to Reference Conditions for Small-
bodied Fish Health Variables 

Variable Sex/ 
Maturity 

Reference 
Condition 

Mean 

Statistical Power by Effect Size, as Reduction Relative to 
Reference Condition Mean 

Lower NR -25% -10% +10% +25% Upper NR 

Total Length (mm)(a) 
Age-1 3.76 1.00 1.00 0.97 0.96. 1.00 1.00 
Male 4.07 1.00 1.00 0.99 0.99 1.00 1.00 

Female 4.09 1.00 1.00 1.00 1.00 1.00 1.00 

Total Weight (g)(a) 
Age-1 -0.49 0.52 0.33 0.26 0.26 0.28 0.36 
Male 0.47 0.40 0.31 0.27 0.27 0.29 0.62 

Female 0.51 0.35 0.28 0.24 0.23 0.28 0.84 

Condition (analyzed 
as relative weight – 
g)(a) 

Age-1 -0.54

Not 
calculated 

for 
ANCOVA 

0.57 0.31 0.35 0.58 

Not 
calculated 

for 
ANCOVA 

Male 0.3 0.94 0.38 0.38 0.96 
Female 0.31 0.92 0.38 0.36 0.93 

Relative Liver 
Weight (g) 

Age-1 0.01 0.72 0.25 0.24 0.72 
Male 0.04 0.97 0.42 0.41 0.98 

Female 0.05 0.46 0.31 0.29 0.45 

Relative Gonad 
Weight (g) 

Male 0.03 0.73 0.38 0.34 0.74 
Female 0.03 0.96 0.39 0.43 0.97 

(a) Summary statistics shown as transformed values [ln(x)].

Note: Percent changes are based on back-transformed values.
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Figure C-3: Statistical Power to Detect Reductions of Varying Magnitude Relative to Reference Conditions for Small-
bodied Fish Health Variables (Data Detailed in Table C-3) 
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4.0 SUMMARY 
Power analyses were completed to evaluate the statistical power of comparisons proposed in the AEMP Design 
Plan Version 5.1 to evaluate Action Level triggers for biological variables, under the Toxicological Impairment 
Hypothesis.  Power was estimated for a range of effect sizes for each biological monitoring component, including 
commonly used critical effect sizes and the effect size representing the limit of the normal range.  

Results of power analyses indicated that statistical comparisons used in the evaluation of Action Level triggers 
have varying levels of power, depending on the variable. For plankton, power to detect a 2 SD decrease in 
phytoplankton and zooplankton biomass and richness was below the desired level of power (0.9). However, 
power was sufficient (>0.9) for detecting a 25% reduction in taxonomic richness for both phytoplankton and 
zooplankton, which represent relevant effect sizes for Action Level assessment. Power was lower for biomass 
variables.  Overall, the level of power was greater than 0.9 for effect sizes required to reach the lower boundary of 
the normal range, for all variables except zooplankton biomass.    

For benthic invertebrates, power was sufficient to detect the relatively large effect sizes corresponding to 2SD and 
the lower boundary of the normal range, except for richness, where only 50% or greater declines can be detected 
with sufficient power. For effect size ranges useful for evaluating Action Level triggers (i.e., 25% to 50% for 
richness; 50% to 75% for density variables), power was sufficient to nearly sufficient at the upper values of the 
range for most variables.    

For fish health variables, power to detect a ±10% effect size was only sufficient for one variable, total length, for 
all three groups (i.e., adult male, adult female, and juvenile fish). The power to detect a ±25% effect size was 
sufficient (≥0.9) for half of the combinations of variables and groups (i.e., total length for age-1, male, and female 
fish, condition for adult male and female fish, relative liver weight for male fish, and relative gonad weight for 
female fish). Power was sufficient (≥0.9) to detect a ±25% change for at least one group within each variable, 
except for total weight.  

Overall, the results of the power analysis demonstrate that the statistical methods proposed to evaluate Action 
Level triggers for biological effects have adequate power to detect effects in the NF area of Lac de Gras when 
used in combination with the entirety of the AEMP analyses by each component and the weight-of-evidence 
(WOE) assessment. While power varied by endpoint within each biological monitoring component, DDMI believes 
the sensitivity of the Action Level assessments remain appropriate within the context of the overall AEMP 
Response Framework. The biological Action Level definitions presented in Version 5.1 of the AEMP Design 
Document better reflect the current AEMP design and analytical approach relative to the previous Action Level 
criteria. Used in combination with the entirety of the AEMP analyses by each component (i.e., not just the 
Response Framework) and the weight-of-evidence assessment, the updated biological Action Levels contribute 
an acceptable level of sensitivity to the analyses using the approved reference conditions approach.  The 
inclusion of multiple variables under each monitoring component also introduces additional confidence to the 
overall AEMP assessment, beyond that which would be provided by single-variable analyses.  

Compared to the previous biological Action Level criteria for toxicological impairment, the ability of the analyses to 
detect change when evaluating triggers under the new Action Level criteria is generally similar for benthic 
invertebrate variables and fish health variables.  Previously documented power for benthic invertebrate variables 
ranged from 0.86 to 0.97 to detect a 2 SD change, whereas analyses presented herein report power of 0.77 to 
1.00, with all except one variable (i.e., richness) having power of 0.89 to 1.00. Previous analyses of fish health 
variables reported appropriate statistical power to detect differences of 10% to 30% between sampling areas for 
most variables across all sexes and stages, although there was insufficient power (i.e., less than 0.9) to detect 
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effect sizes of up to 30% in male body weight (both carcass and total), male, female, and age-1 relative liver 
weight, and male and female relative gonad weight. Under the new Action Level criteria, power was sufficient for 
total length for all three groups and effect sizes, and varied with effect size for other variables. Variables with low 
power included total body weight, age-1 condition, female and age-1 relative liver weight, and male relative gonad 
weight, which is similar to results of power analyses conducted under the previous Action Level criteria.  

Results of the power analyses presented herein, combined with the greater relevance of comparisons to the 
reference condition compared to within-year spatial comparisons, provides support for adopting the updated 
Action Level criteria for biological monitoring components. 
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